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Executive Summary

This report describes some of the most economically-vauable nontimber forest products and services
emerging from BC wildlands and andyses their associated industries, production technologies and
markets. It then presents an economic strategy for rgpid development of these indudtries.

The products and services highlighted are:

C wild food mushrooms
nutraceutical and medicind mushrooms (mycomedicinals) and fungi

nutraceutica's and pharmaceuticals from plants, bark, lichens, insects, soil organisms,
and wood waste

biocides (nonttoxic insecticides) from the same sources

anti- phytovirds (medicines for plants)

flord greenery

ecotourism

Theterm nutraceutical broadly means a substance with both nutritiona and thergpeutic benefits,
something one consumes when hedlthy to remain o or get hedthier. Nutraceutica food products and
herba supplements had estimated globa sdes of between US $10-$12 billion in 1998, and avariety of

popular nutraceuticals are found on BC wildlands. Saskatchewan, Albertaand severd US Sates are
actively supporting their nutraceutical companies

ORNQ]
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Emerging products and indudtries typicaly have high risks and high development cogts & the outst,
and, if sucoessul, high payoffsin terms of employment and diversfication over the long haul. Adan
market economies, Irdand and many other countries which have been successtul in diversfying on the
basis of new industries have often done so with substantid government assistance a the outset. The key
facet of such assganceistha amal amounts of seed money early on can yidd dividends in terms of
employment, profits and government revenues once theinitid hurdles are surmounted.

Part |: Thelndustries

1. Wild Food M ushrooms --The most vauable BC wild food mushroom export (amost
entirely to Tokyo and Oszka) is our species of pine mushroom, Tricholoma magnivelare. No one to
date has been able to culture pine mushrooms atificidly to achieve levels of commercid production, but
asthe demand ard in-situ cultivation technologies improve, both pines and mycomedicinds will be
grown in dedicated cultivation forests, in mushroom plantations or in commercid agroforestry operations
which seek to maximize both timber and pine mushroom production.



C Inan Aaverage-to-good” year such as 1996, around 392,000 kgs. of T. magnivelare were
harvested in BC, but in alessthan-average year such as 1995, thisfigure falsto around
250,000 kgs.

C ThePadfic Northwest (BC, Washington and Oregon) supplies around 15% to 20% of the
annud Japanese consumption of around 5,000 tonnes of pine mushrooms, which represent a
luxury market (and afdl from the mid- 1800s when the smdller population consumed around
12,000 tonnes annudly.)

In the foreseegble future Japanese consumers will asorb al the pine mushrooms which BC can
export; therefore, the limits to export become the limits of sugtainable harvesting plus cultivation.
These generd market prognoses point toward:

intendve forest- basad cultivation of pine mushroom areas to increase the export volume;
targeting forest types best suited to enhanced commercid yields (coastdl and apine stands of
lodgepale pine);

implementing agroforestry projectsin gppropriate productive sands,

more extensve marketing and market research support for the private sector effort in Japan
and the US,

OO OO0

A three tier market has arisen in Japan: Japanese pine mushrooms command the highest price; Korean
pinesfetch ahdf to athird of thisprice; and BC pines average athird to ahdf of the price of the South
Korean imports. In 1997, alower-than-normad year for prices, BC buyers sdling to Japan reported
prices of US $35/kg. on average for dl grades, dthough at times prices spiked to US $95/kg. for the
best grade.

One reason for the price differential between BC pines and those of Jgpan and Korealis thet the latter
arefarmed in cultivation forests under sringent conditions including controls for insect infestation.
Canadian pine mushrooms are attacked by severd species of fly larvae and the resulting discard rateis
amgor factor in our lower prices.

Meanwhile, the Korean species are 0 devoid of flavour that they are sometimesinjected with pine all
before being imported to Japan. Nevertheess Korean pines are worth more than Canadian because
they look much like Japanese pine mushrooms. (Since Japanese consumers accept the Korean pines
adulterated with pine ail, they might equaly accept Canadian pines whose caps are stained with some
organic substance such as soy to more ressmble Japanese Matsutake).

Edimating the market vaue of naturdly-occurring pine mushrooms vs. commerdid timber in one area of
the Nahatlatch watershed, we found that over a 120 year cycle, the vaue of the pines was about 17%
of the market vaue of the timber. However if pine productivity were increased through the agroforestry
technologies used in the ASan cultivation forests, over the same cyde the vadue of the pinesrisesto
roughly twice thet of timber.

To summarize current market activity:



C there are9xteen active companies harvesting, buying or sdlling wild food mushrooms from BC, with
over 90% of al exports by weight from Vancouver to Jgpan controlled by seven companies, six of
which are Canadian.

C Inagood fruiting year for pines, these seven companies have before-tax revenues from pines and
from other wild food mushrooms of approximately $45m but in abad yeer thisfigure fals to around

$25m.
C Although over the past decade the BC pine harvest has gpproximately doubled, the average price

paid to exporters has remained gatic - US $9.00/1b to US $20.00/1b.

Other wild food mushrooms harvested in BC indude: chanterelles (around 750,000 kgs. in agood
year), boletes (100,000 kgs.), morels (around 225,000 kgs.) and other species such as lobgter,
secondary boletes, cauliflower, hedgehog, and such (about 50,000 kgs. together). These other wild
food mushrooms are generdly sold in Europe, the US and other parts of Canada

In the bolded items of figure 5, we have attempted to identify Abest bet” wild BC food mushrooms
which could be harvested and exported to the US, Europe and ASa

2. Wild Nutraceutical and Medicinal Mushrooms -- Dwarfing the markets for wild

food-mushrooms, the 1997 world market for wild nutraceutical and medicind mushrooms (and extracts
and derived products) was US §.3 billion.

BC isone of the world's most economically-vauable, environmentally-pristine sources of nutraceutical
and medicind mushrooms Theseindude:

(@ rdaives of gpecies used for centuriesin Asafor trestment of specific illinesses and immune
dimulation, and presently used in conventiond Japanese medicine,

(b) other species being consumed by an aging North American boomer population to maintain good
hedth.

Maingtream medica research in Japan, China and the Russian Far Eagt indicates that polysaccharides,
terpenes, deroids and other ingredientsin many BC indigenous mushrooms have antibiatic, antitumour,
and antivird properties, reduce lipidsin blood, simulate the immune system, inhibit the synthes's of
progtaglandins (hormones which regulate blood vessd Sze), extend the survivd rates of patientswith
Hodgkins disease, lymphosarcomaand pancrestic cancer, and dleviate some Sde effects of AIDS.

Fgure 8 highlights typical March 1998 prices for selected dried medicind and nutraceutical mushrooms
and mycdiaextracts. To give an example of potentia revenues: extracts from Trametes versicolor, a
common BC fungd species, account for about 16% of Jgpan’s nationd annud expenditures on arti-
cancer agents, and one extract from this species sdlsin Tokyo for between US $1,500- US $2,000/kg.
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Given that some US gates are moving to regulate the amount of mycomedicinas harvested, and given
the environmentd catastrophes in Asa such asthe 1997-1998 burning of Indonesian forests, prices will
likely rise Sgnificantly over the next five years

Hgure 7 contains our first cut at identifying the most economicaly vauable indigenous medicind and
nutraceutica mushroom species upon which BC producers should concentrate. There are currently
three BC companies sdling mycomedicinds, dl of which dedined to discuss revenues.

3. Herbal Medicines and Nutraceuticals from Wild Plants B While
pharmaceuticas are generdly based on asingle active ingredient, the thergpeutic properties of herba
medicines arise from a synergistic combination of ingredients. With pharmaceuticals, companies may
synthesize an active ingredient S0 that the source materials may no longer be needed; while with herbs,
an entire plant extract is preferred and source materid is dways needed.

Until recently, large companies were not interested in researching mixtures because they could not be
patented. In contrast, herba medicines are typicaly sold as complex mixtures of severd botanicals.

The main product differentiation amnong herba medicines concarns

(@ whether or not the product is organically produced, either through wildcrafting (foraging) or
cultivetion;
(b) sandardisation of potency of ingredients.

Herba medicines purified to certain sringent levels of Sandardised ingredients are called
phytophar maceuticals.

() World Markets and Regulation

Theworld market for herbal medicines (both crude extracts and phytopharmaceuticas) is around US
$14 billion annudly-- part of alarger market boom in which Americans done spent over $27 billionin
1998 on dternative hedlth trestments of dl kinds. Not surprisngly, throughout the world,
pharmaceutical multinationas are buying up producers of herba medicines

In Europe and especidly Germany, thereis

C asophidticated consumer pre-dispodtion toward botanicas,

C generd acceptance of their use by doctors;

C prescription use of herbd medicines, with reimbursement of patients' expenses by hedith insurance;
C anopenregulatory climate.

Herbd medicines are s0ld in the US as dietary supplements, meaning that producers do not have to
finance expensive research to prove their products safe and effective; however, no daims can be made
about the herbds as cures for illnesses. In Canada, herbas must till be sold as ether foods (no hedth
clams permitted) or drugs (and have to undergo dinicd testing).

(i) BC Wildcrafting (Gathering) Industry
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The gathering of medicind botanicasin BC is centered mainly in the Kootenays, the Socan region and

the Okanagan.

C In 1997, 15-20 serious commercid collectors (either through a company or under their own name)
hired crewsto gather medicind herbs, with an estimated tota of 200-300 commercid getherers.

C These collectors of wild medicind herbs sal dmogt exdusively to US bulk suppliersand large
manufacturers of herba medicines.

C Edimated 1997 gross revenues paid to these collectors were Can. $2m - $3m.

C gaherersare generdly paid on aper pound basis and make around $100 per day.

C Premium prices are pad for produce which is organicaly grown or wildcrafted.

The main medicind botanicas gathered from the wild in BC during 1997 (bath in terms of revenuesand
weight) were:

-S. John's Wort (gpproximately 150,000 Ibs)
-Oregon Grape (20,000 |bs.)

-Cedar Qil (around 6,000 Ibs))

-Devil’s Club (lessthan 5,000 Ibs.)

Medicind botanicas wildcrafted in smaller quantities included Nettles, Burdock, Yarrow, Mdlan,
Armica, Camomile, Tansy, Rose Hips, Cascara, Y ew, lichens such as Usnea wirthii, and many others,

Indigenous medicind BC plants much in demand on the European herba markets indude:

-Devil’s Club (increesingly usad as a ginseng subditute in herbd formulae)

-Cascarabark

-S. John's Wort

-Black Hawthorne (Crataegus douglasii)

-Mountain Ladydipper (Cypripedium montanum, athreatened orchid taking fifteen
years to grow)

-Hemp Dogbane (Apocynum cannabinum),

-Valerian stchenss

-Circaea alpina (nightshade)

-Equisetum pratense (horsttal)

Other botanicas with rapid market growth indude: Black and Blue Cohosh (threstened and growing in
eastern Canada but not found in BC), Blood Root, and ader bark for its anti-oxidant compounds.
1997 prices for these and other BC indigenous botanicds are given in Figure 9. The US annua demand
for St. John's Wort exploded from around 60 tons to severa hundred thousand tons during 1997 after
it was featured in acouple of nationd TV programs.

(i) BC Manufacturers



In addition to the BC gatherers of wild medicina botanicals, there are 50 manufacturers of
nutraceuticals and medicind herb products, most of which lack the technology and fadilities for high
quality, standardised production.

C 1n 1997 these companies employed 1,710 persons and had around $60 million in sdes of herbd
preparations and dietary supplements, with an average annua growth rate of around 18% over the
last two years.

C Genedly, they use wdl-known species from the European pharmacopoeia and these companies
arejus beginning to diverafy into indigenous BC botanicas. (No producers included indigenous
medicing or nutraceutical mushroomsin their formulae).

C Mog manufacturers source ingredients from growers rether than wildcrafters and sdl mainly into
Canadaand the US.

Although most BC herba products manufacturers are degply concerned with product qudity and
accuracy of sgandardistion daims, some will sdll practicaly anything and in some ingances
concentrationleves of ingredients do not match labd dams, or an entirdly different species from that
clamed was sold.

There are presently Sx BC companies which can provide a catificate of analyss, test for contaminants
or Afingerprint” samples usng HPL.C to compare an extract with others.

4. Pharmaceuticals from BC Flora and Fauna - There are two essentid gpproachesto
drug discovery: make them yoursdf, or borrow from nature. A drug may be developed by Araiond
desgn” in laboratories through techniques such as combinatorial chemistry; or researchers may look
for modds from nature through screening of wildlands- based fauna and flora. In both gpproaches a
sophidticated technologica capacity isrequired.

Oneway to borrow from nature isto ask firg nations what they traditionaly used for variousillnesses.
Such ethnobotanical searching isin competition with automated masss screening techniques

devel oped to test huge numbers of candidate molecules created by combinatorial chemistry. Mass
screening technology will soon be able to check tens of thousands of samples daly for bioactive
molecules and it will soon be chegper to screen everything indead of asking firgt nations elders about
traditiond use.

We were able to identify 22 firmsin BC's pharmaceutica industry with 1997 revenues of around Can.
$58 million and 930 employees. These firms produce human prescription drugs and human and
veterinary non prescription drugs, vitamins and nutraceutical supplements, vaccines and hormones.

C About afifth of these companies have an in-house combinatoria chemidry cgpability (or access via
their head office research fadility).

C Seven of these companies, with 160 employees, are actively involved in natural products discovery,
screening, dinica testing or production.



C All the products of these seven companies were derived initidly from BC indigenous wildlands
substances.

C Mod of these seven companies-- such as Terragen Diversity Inc., Forbes Medi- Tech and
Phytogen Life Sciences Inc.-- are UBC spinoffs.

C Mo of these emerging biotech spinoffs show annua losses. Thisisto be expected during their firgt
few years of growth.

To generate revenues, these companies sometimes enter into collaborative agreements with

pharmaceutica firmsto screen their polygenomic libraries in surrogate hogts for bioactive compounds

and recalve licengng and milestone payments plus roydties. These amdler companies can innovate more

effectively than large pharmaceuticals, but lack the financid and marketing clout to advance products

through the regulatory and marketing hurdles.

5. Biocides (Non-Toxic I nsecticides) and Biological Control Agentsfrom BC

Species-- Intherich life of aforest, many plants have devised innovative methods to fight insect
pests. Mogt defensive chemicasin plants work through deterring insect feeding, the placing of eggs or
inhibiting larva growth, rather than outright killing. In contrast, most synthetic insecticides poison
insects nervous sysems-- but these organochlorines and pyrethroids act as poisonsin humans too,
leading to concerns about toxicity.

Alternate nontoxic insecticides (biocides) currently under investigation or on the market include
behaviour -modifying substances such as pheromones, kairomones, repellents and anti-feedants;
biorationd insecticides such as growth regulators and chitin synthetase inhibitors, and other botanicd
insecticides. These emerging insecticides act very differently than conventiond chemica insecticides, can
target asngle goecies, and require very low volume gpplications.

Lichens, leaves and roots of plants, fruit, dead insects, and many other organisms found in BC forests
can be afertile source of chemicds, fungi or bacteriawhich can ad in the battle against insect pests,
fungd invasons and other plant diseases.

Ancther drategy isto introduce naturd predators of peststo agricultura crops and forests. If the stock
for these naturd predators come from BC wildlands, then they are within the product definition of this

Study.

Often pharmaceuticals and biocides come from the same natural source material. To achieve
effidency of effort, insecticidd testing of BC naturd sources should be piggybacked onto
pharmaceutica testing of the same substances.

The US market for biocides is il only around US $250 miillion annudly (compared with average
annual US expenditures of US $10-$12 hillion on pest-killing synthetic pedticides, and $32 hillion
throughout theworld.) However, theworld' s biocide useisgrowing a over 14% annudly, and & this
rate will entirely replace synthetics within two and a half decades.



This sector in BC is comprised of ninefirms

C four firmswhich raise biologica control agents (insects thet attack pests)

C onephytodiagnodtic firm

C twofirms concentrating on pheromones ( B Phero Tech and a startup subsidiary of an Oregon
Company, IPM Technologies Canada)

C two pharmaceutica companies which aso produce biocides.

There are d 0 severd US companies sdling pheromone lure productsin BC and severd amdl,
independent operators which produce pheromone products (for controlling coddling moths, for
example)

Thisindustry employs gpproximately 150 people, had 1997 collective revenues of around Can. $10-$12
million, and slsits products and services mainly in the US and Canada.

6. Anti-Phytovirals - Theworld market for substances that can effectively fight plant virusesin the
fidd isan estimated US $10- US $12 hillion annualy, and BC researchers are a the vanguard of the
search for anti-vird compounds extracted from wildlands plants and fungi for the diagnoss and control
of plant vird diseases The BC research effort to identify naturaly-occurring anti- phytovirasis currently
concentrating on flavonoids, alarge, diverse group of compoundsfound indl plant species except

agee.

Presently the main commercid anti-phytovird isasynthetic caled ribaviran, which is mainly used to
eiminate viruses from infected clond breeding stocks. There are currently no practica, chemica
controlsfor viral diseases of food cropsin thefield, and world estimated |osses from plant vird diseeses
are goproximatdy US $15 hillion annudly.

To date, few BC forest species have been examined as a source of inhibitors of plant viruses. But
severd phytocompounds have been identified which are partidly effective in inhibiting vird diseases of
commercid crops such as potatoes and fruiting trees, and it is expected thet BC forests will yield
additiona substances. Such compounds would aso benefit exporters who need to meet the
phytosanitary specifications of importing countries. There are no BC companies currently producing
anti-phytoviras Of dl the non-timber forest indudtries, this sector involves the highest risksin terms of
product development, and largest potentid short term payoff.

7. Ecotourism B Not just atrendy term, ecotourism is the most rapidly growing component of the
world' stourism industry. AEcotourigts’ are interested in undisturbed nature, wildlife, traditiona cultures,
archaeology and conservation, and wish to be educated rather than merdly entertained-- creeting jobs
for guides and tour operators.

Approximately 13,000 people were directly employed in BC's ecotourism indusiry in 1997, with
edimated direct revenues of $65m. If weindude hdf of the revenues generated by our provincid parks
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plus annua amounts spent on outdoor accommodetion, ecotourism was responsible for around $522m
in annud provindd incomein 1997. Udng the modds of Bdize and Cogta Rica, which have made
ecotourism support an integral component of their indudtria drategies, awide variety of tax/fiscd
incentives and programs could be put into place to accderate thisindudtry’ s growth.

As examples of recent expangon, in mid-1998, North America s largest fishing resort operator-- the
Oak Bay Marine Group of Victoriawith 1,200 employees a eight resorts-- began buying BC lodgesto
convert them to ecotourism degtinations; and Roots (the “environmenta” shoe company) is setting up
ecotourism lodges on Vancouver Idand. Of dl the products and services discussed, ecotourism hasthe
grestest potentid to bring Sgnificant revenues into impoverished firg netions communities.

8. Floral Greenery B This sector has two partsin BC: four companies which sdll directly to
European buyers, and I8 amdler firmswhich sdl to US buyerswho in turn sdl into Europe. Direct
sdlers get better prices.

The main product in terms of weight is sdd, and ferns, cedar boughs, huckleberry, boxwood and other
flord greenery are regularly harvested in BC and sold to Europe, the US, Japan and the digtribution
centre of Hong Kong. Some flord greenery companies aso harvest wild food mushrooms, but they do
not take medicind botanicds, which is a separate indudtry.

The approximately 22 firmsin this sector had 1997 callective gross revenues of between Can. $55m -
$60m. The largest firm had 1997 revenues of between $6m-$8m and severd firms had 1997 revenues
of around $2m. The tota number of commercid pickersin 1997 was around 13,000.

Part I1: The Economic Strategy

A mgor opportunity awaits any BC government thet will act with determination to rebuild our forest
industry on anew and more varied basis. Though dwarfed by the giant timber industry, the non-timber
forest indudtries highlighted above employed dmost 32,000 people in BC on aseasond or full-time
bassin 1997 and had direct corporate revenues of $280m and provincid revenuesin excess of Can.
$630m.

These figures do not include revenues from native plants taken for rehabilitation, restoration and
ormamentd purposes, revenues from BC's manufacturers of herbd medicines and food supplements
(sncethey presently use so few indigenous ingredients), or sdes of essentid oils used in perfumery and
aromathergpy Bal sgnificant growth aress

The annud corporate revenue growth of these indugtries over the past three years varies widdly, ranging
from yearly averages of around 10%- 12% for some of the wild food mushrooms to over 30% for
severd nutraceutical manufacturers.

It has become common wisdom that BC is overly dependent on resource based indudtries (which
generaein excess of three quarters of total merchandise exports), and that economic diversfication is
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needed urgently. We are suggesting that BC become even more dependent on resour ces for
export earnings, through aggressvely supporting these emerging indudtries.

These forest resources are not our Adependence’: they are our compar ative advantage. Some of
these indudtries use advanced technologies, some are low-tech-- this does not metter, because most
gather or manufacture compar ative advantage productsfrom BC and the Pacific Northwest which
are found nowhere dse. To date, FRBC has supported few of the value-added product areas
described in thiswork.

Properly supported, these revenues could increase by afactor of 8- 10 during the next decade to
comprisein excess of athird of tota forest- derived revenues (as computed at pre-recession prices.)

Thus far we have developed alimited number of forest products, mainly timber and pulp. But judging
from countries like Madaysaand Laos- over the next decade there will be an exploson of new
products from BC foress:

C medicina and food mushrooms, and phytopharmaceuticals for humans and animds

C preventative hedthcare products such as the tsunami of nutraceutica's coming onto the US
market;

resins, gums and camphors, essentia oils and other cosmetic substances such as bases for face
cream, perfumes, sunscreens and hair tonics,

genetic materid for foodduffs, biocides, naturd medicind bases, new denta products,
spermicides and non-toxic contraceptives,

anti-vird agentsfor plant diseases

crop protectors such as insect exudates which repd birds,

chemicd “detoxifiers’ for both industrid processes and humean tissue;

new building materias modded on naturaly- occurring forms and structures.

@
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People will dways need to build wood houses and use paper for documents; but timber and pulp will be
only two foret products among a myriad group. Meanwhile, ecotourism in BC forests will continue to
grow. Thus our economic drategy has two parts.

-grengthening the internationa competitiveness of our traditiond forest indudries, (mainly
through smarter tree growing on asmaller land base);

-amultaneoudy facilitating, through tax support, agroforestry practices and cultivetion forests,
the emergence of these new industries basad on ingredients in under-sory plants, lichens,
insects, bark, soil organisms, fungi, waste, and other floraand fauna.

In the following sections, we firgt present sectord strategic messures, and then generd tax/fisca
incentives to be gpplied to dl the indudtries analyzed above.

A. Sectoral Measures
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1. Increased Production of Pine Mushrooms - Given the growth potertia for pine
mushrooms from BC, the underdeve oped ate of the indusiry, a continuing strong price in spite of the
Japanese recession and an expanding market in the US, the provincial government should move
aggressively to economically develop the pine mushroom resource.

Provincid government policies can increase both the demand for, and supply of, BC's premium wild
food mushroom, T. magnivelare, by addressing product quality, export volumes, product price and
market Sze.

Mesasures to increase volume and productivity indude:

C gradudly establishing mushroom cultivation foress;
C extending the areas where pine mushrooms fruit;
C adapting technologies prevaent in the cultivation forets of Jgpan, Chinaand South Korea

2. Asian Cultivation Techniques - Asds cultivation forests for pine and other mushrooms
offer successful commercia modds, technologies and techniques which can be adgpted to improve the
qudity and quantity of BC's pine and mycomedicind harvest. Cultivation techniquesindude:

-cutting shrubs and selected trees as a forest ages for aeration and sunlight on the forest floor;
-changing the litter thickness and adding wood pulp wagte, atificd irrigaion tunndsor amdl
plastic hoods over colonies of pines (caled shiros) to control soil humidity and temperaiure;
-pest contral, fertilization and a host of other technologies to entice more pine production in-
situ.

We therefore suggest thet:

C The provincid government should direct its chief mycologica expert to assemble ateam to
conduct adaptive research tours of the cultivation forests and pine mushroom research fadilities
in Japan, Chinaand South Korea.

C With findingsfrom these tours, the government should publish an initid Imple language
document aimed at buyers, exporters, growers, pickers, and new ventures describing the
techniques and technologies successfully used with rdaed speciesin ASa and associaed
productivity gains, the applicability of these techniques for BC conditions and species, and
gpecific agriculturd techniques to maximize pine production here.

C TheMinidry of Forests should then initiate a program of adaptive research designed to
increase pine mushroom production in BC and contract much of it out to the private sector and
research inditutions.



3. Cultivation Forests for Pinesand Mycomedicinals - Cultivation forests dedicated

spedificaly to enhancing in-Stu growth of mycomedicinds and T. magnivelare should be introduced
into the present forest tenure system.

In order for these lucrative mushroom industries to flourish, they must be given recognition in overdl
forestry planning and the forest tenure sysem.

C The government should introduce on agradud bas's, both cultivation forests exclusvey
dedicated to pine mushrooms and those dedicated to the joint maximization of pines, timber and
mycomedicnas.

C These cultivation forests should be made commercidly available, under avariety of
arrangements, (including competitive bidding) to awide number of concerns Branging from the
private sector to community forest projects. A specid arms-length body should be set up to
adminiger the handling of rights a below-market prices.

Custodid harvesting rights can be assgned for an extractive reserve for Sngle or multiple resources. If
cultivation forests are rented only to companies with the financid resources to develop these and with
the obyjective of maximizing governmentd Astemage’ fees, wildarafters and rurd people will not get
leases and will be excdluded. Sinceit ispart of provincid palicy to diversify poor rurd economiesin BC,
bel ow-codt leases for some of the cultivation forests should be reserved for loca smdll businesses,
community forest groups and specia forest products cooperatives, which should be supported through
avaiety of means. Coops can encourage entrepreneurship a the locd levd.

4. Research on Sustainable Har vests - Aswedill do not have the most basic information

about quantities of pine mushrooms or mycomedicinas growing in BC, research is necessary to cregte

basdline estimates of fruiting to ensure that harvests are sudainable. These adaptive ressarch areas hold
the greatest short-term potentia for new jobs and products.

5. Promotion of BC Pine Mushroomsin Japan - The provinda government should
increase Japanese consumer awareness of BC pine mushrooms. A provincidly-funded exhibition of
indudiry participants touring four or five amdler Jgpanese dities would receive extensve media coverage
and be wdl-attended. This should be repested about every four to five years.

6. Introduction of “Stemage” - If cultivation forests for pine mushrooms are to be made
avalable to the private sector through a variety of arrangements, we must rethink forest land tenure and
introduce the notion of stemage -- the forest botanica equivaent of sumpage asmdl amount paid to
the provincid government per unit of forest botanical gathered from Crown land. Eventudly it will be
aopropriate to set up asystem for botanicad stemage, but given the nascent nature of the non-timber
industries, the government should forego such revenues for a decade or more,

7. License Buyers of Pines - The 1995 recommendation of the Pine Mushroom Task Force,
that buyers of pines from crown lands be licensed, should be immediady implemented. A fee should
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be charged to purchase the license with gppropriate fines for non-compliance, and a condition of
licenang should be the bi-weekly provison o information about: the species bought; dete of purchase;
weight and grade purchased; price paid per grade, and the buying station location. Most buyers keep
thistype of information anyway, and to |lessen the data burden, this information could be summarized.
Given the potentia vaue of pine mushroomsto BC, data on the gathering and sales should be tracked.
Thereis currently no way to obtain even gpproximate data. As the problemsin this sysem are ironed
out, licenang of buyers should be gradualy extended to other botanicas.

8. Support Local Processing and Preparation Facilities - Theprovinda
government, through its agricultural and technology support programs, should help the private sector to
build pine mushroom processng and preparation fadlities near some of the pralific gathering arees,
darting with the north-west region.

Thelack of such fadilities both inhibits growth and drains awvay employment opportunities. For example,
amgor factor limiting growth of the Nass region indudtry is the absence of proper processng facilities.
Since much of the gathering is done by transent effortsof large Vancouver-based companies, most
wedth produced by the indugtry leaves the community, and northern businesses are not able to generate
jobs.

Both primary and secondary processing of pine mushrooms can be done locdly, with job opportunities
for locd communities and fird nations.

Bendfitsindude:

C better- paying jobs and va ue- added employment in poor regiond economies. (Harvesting is
often seasond, low-paying and devoid of bendfits; better jobs exigt in processng and marketing
the mushrooms. )

C greater efficiency, if activities such as dimingting infested produce, processing for specific
orders, and preparing shipments for ddivery are done localy.

C time savings Local processing could shave hdf aday off of the trangtion time to Japan and
enhance product freshness, amgor price factor.

If the infrastructure for pine mushroom processing aso induded mycomedicinds, new job sources could
be created for amdl communitiesin severd parts of the province.

9. Promote BC Mycomedicinals - Severd of our Canadian mycomedicinds-- such as
Ganoderma applanatum and G. tsugae -- contain thergpeutic ingredients that resemble those of such
Adan high-volume sdlers as Ganoderma lucidum (AReshi”). Our species could therefore be
promoted world-wide asthe BC ARashi”.



The government should fund laboratory anadlysis of the ganoderic acids, triterpenes, polysaccharides and
other ingredients in selected BC medicind and nutraceuticd mushrooms, and, to promote consumer
awareness, popularize the results.

10. Map the Other Botanicals - Starting with St. John's Wort, Oregon Grape, Cascara,
Devil’s Club, and commerddly-vauable plants near extinction, the government should document and
map locations of the species of Figure 9, and make informed estimates of the amounts of each species
growing.

With these gpecies, we aso need to know ther biologica productivity, their reections to harvesting
techniques, and the best harvest practices with repect to timing and optimal sustaineble levels

11. Resear ch the Efficacy of BC Botanicals - Faced with a bewildering array of
medicind and nutraceutica products, consumers congantly seek research results to guide their choices.

To increase demand for BC products, the provincia government should try to direct gppropriate
federd funds toward research on the efficacy of BC wildlands based medicind and nutraceuticd
botanicas-- in particular some of those used by firgt nations.

Based on proper research, for example, it may be possible to establish asgnificant USand Adan
market for BC Devil’s Club as awild ginseng subdtitute (with government promotion and market
development.) The Saskatchewan government has recently invested $1m in promoting their
nutraceutica indudtry.

12. Allow Wildcrafters Access to Waste - Since so many emerging nonttimber products
come from the waste of traditiond forest industries such asbark and tdll ail, the government should
expand wildcrafters accessto thiswaste. Measureswould include: use of gppropriate logging roads,
and working with timber tenure holders and other waste sources so thet wildcrafters may access
understory plantsbefore any dearcutting, and wastage afterwards.

13. Investment Partnership Board - A recent BC business summit proposed thet the
provincid government work with the business community and other Siakeholdersto st up an
investment partnership board which would market BC internationdly as an attractive busness
location. One area of emphass of this board should be the emerging non-timber forest sectors with
high annua growth rates B nutraceuticals, phytopharmaceuticas, herba botanicds, mycomedicinas,
biocides and ecotourism.

14. Encouragement of Agroforestry - Currently certain BC legidation and policies
discourage agroforestry. Many agroforestry products are not recognized as agricultura crops by the
BC Ass=ssment Authority’ s Land Classfication/Taxation scheme and hence do not receive lower
agriculturd land taxrates. Also, some of the rules of the Agriculture Land Commission and the Forest
Land Commisson are prgudicid againg agroforestry efforts. Adequately addressing agroforestry



concernsin the tax structure requires a more subtle gpproach than the traditiond split between forestry
and agriculture.

C The provincid government should therefore conduct atax review of these matters firg
determining which of BC's existing agriculturd programs and incentives should dso gpply to
agroforestry operations.

C Thisreview should aso consder tax/fiscd mechaniams from other countries and regions of
Canada usad to preserve, consolidate or extend farmland, which could be modified to include
land utilized for agroforestry.

Theindusion of agroforestry businessesin any BC legidation will involve revisng the dassficatory
schemefor property in BC, an extended definition of Class 7, AManaged Forest Land’, amore
extengve gpplication of the Split Classification, arevison of the assessment procedures and criteria, and
revison of BC Reg. 411/95, AStandards for the Classfication of Land asaFarm”.

The main objectives are:

C to revise the exiging farm property tax concessonsto apply to agroforestry production and
cultivation foregts, and

C to accelerate the permanent or term dassfication of privady-held landsinto designated
cultivation forests

15. Liberalized Regulations for Natural Health Products - In November 1998 the
federd Standing Committee on Hedth tabled ANatural Hedth Products: A New Vigon,” with
recommendations for liberdized sales of naturd hedth products. To date, however, none of these
recommendations have been passed into law. Natura hedth products dassfied as foods ill cannot
meke hedth daimsin ether packaging or marketing. Products which do make hedlth dams have to be
regulated as drugs. Thisinvolves the provison of very expensive monographs or controlled dinicd trids
to obtain a Drug Identification Number-- an obstacle that stops many product deve opments.
Meanwhile, Canadian manufacturers of naturd health products remain & a market disadvantage
compared to producersin other countries.

Thislegidation proposed by the Standing Committee on Hedlth is a good first sep toward
improvement. Powerful vested interests oppose such legidation, making it important thet, as the mgor
Canadian source of medicind and nutraceutica wildlands substances, BC lobby for itsrapid passage
into law.

16. Liberalized Licensing for Biocides - Jugt asregulation is hindering the development of
natural hedth products, the regulatory protocols of Canadal s Pest Management Regulatory Agency are
difling the biocide industry in Canada, and the concepts in which exigting regulations are written, are not
remotely gpplicable to biocides, which often contain agamut of ingredients acting in a synergidic
manner. Asthe mgor source of natura biocidesin Canada, BC should lobby for an in-depth review
and liberdisgtion of licenang criteria
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B. Fiscal Incentivesand First Nations' Rights

The heart of any economic drategy liesin the tax/fiscal incentives given to industry.

In the following we firgt present generd taxation recommendations which would gpply to al sectors of
the BC economy, and facilitate amore leve playing field with competitor countries. Subsequently,
measures are proposed specificaly for emerging non-timber forest indudtries.

17. Sales Tax of Research Equipment -To increase BC's competitiveness with other
countries and regions of Canada, we recommend thet the government exempt the provincid socid
sarvices (sales) tax on al machinery and production equipment used for research, nonroutinetesting
and andysis, or new manufacturing startups. (The god s to encourage companies to adopt new and
more efficient production technology. If the recipient is amanufacturer, thisincentive should be
Sructured S0 that exempted equipment can be used for a combination of research and manufacturing).
18. R& D Tax Credits - SnceR&D isso important to al the new industries on which the
province' s continued economic dynamism depends — induding nornttimber forest products - itis
important that BC at least match the support given by other provinces to product research. We thus
recommend that:

C the provincid government put into place al0% tax credit on R&D, pardleing the other
provinces,

C These credits should be refundable in the same way the federd credits are and to the same type
of recipients, Canadian-controlled private corporations (CCPCs);

C aswith the federd R& D incentive, the refundable portion should be capped a $2 million of
digible R& D expenditures and available only to CCPCs. The nontrefundable portion should not
be capped.

While al0% tax credit on R&D isrdativey modes, it will 9gnd the private sector that BC recognizes
therole of private research in economic growth.

19. Deduction for Technology Transfer - We recommend that BC offer a 100 percent
deduction (cgpped a $20 million annudly) for acompany’ s ams-length purchase of qudifying
intellectua property such as licenses, permits, patents and know-how. This deduction will support
technology transfer from offshore.

20. Tax Credit for Paymentsto Research Institutions - We recommend that BC
offer atax credit which can refund to companies20% of amaximum amount of $20 millionin

quaifying expenditures on R&D carried out on a contract bas's & post-secondary educationd
inditutions, non-profit research organizations, and research facilities associated with hospitas.

21. Taxation of Foreign Researchers - Any company currently producing
phytopharmaceutica's and nutraceuticas has to cope with shortages of knowledgeable business
managers and skilled people to bring products to markets. Thereis aso alack of professonaswho can
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manage the divergty of ativitiesinvolved in dinicd trias and regulatory procedures. It isaso difficult to
find experienced lawyers who can beneficidly sructure partnerships and intdllectud property
agreaments.

Although we cannot match US largess, provinad policies should not have the effect of making BC a
less favourable place to locate new ventures than other Canadian provinces. For severd years Quebec
has offered a very successful three year, renewable, provincid tax holiday on salaries and stipends paid
to foreign researchers by Canadian companies, induding legd research pertaining to intdllectud property
and regulatory procedures. We should do the same.

22. Corporate Tax Holiday
To encourage these emerging indudtries, we recommend afive year corporate tax holiday for:

C Canadian-controlled companies cultivating or manufacturing pharmaceuticals, nutraceuticals and
other naturd hedth products or ingredients from BC wildlands sources,

C producersof antiphytovirads, mycomedicinds, wild food mushrooms, and essantid oilsfrom the
same SOUrces,

C the 9x or seven companies which provide technica services to these sectors,

C ecotourism companies.

C If this measure becomes actionable under NAFTA and WTO rules, (which we doubt), the
same effects can be achieved through the mechaniam of enterprise zones.

23. Export and Pioneer Incentives - If the notion of atax holiday on sdected indugtriesis
not amenable to provindd policy makers, we recommend that the following combination of incentives
be granted to these indudtries:

C an export incentive which grants a 90% tax exemption on al profits above a specified base of
export sdes. Thisincentive should be granted for three or five years, with the longer period
baing given to companies which do not qudify for pioneer satus, below.

C apionear datusincentive, which dlows tax exemptions of 40% of corporate income tax for five
yearsif they undertake new manufacturing activitiesin BC in these sectors.

Asmog of the exigting acceptable language of taxation policy was written in atime when
Amanufacturing” meant smokestacks and factories, it must be understood thet in the present day
Amanufecturing” aso includes enhanced growing techniques in agroforestry operations such as
cultivation foredts. If the latter dterndtive is chosen, ecotourismoperaions should gl receive a
corporate tax holiday. These incentives plus the treditiond knowledge fund suggested below will cost
the provindd government gpproximatdy $94 m annudly in deferred revenues, but with afive year
perspective, government isanet tax beneficiary.



24. First Nations Traditional Knowledge Fund - To create a stable and confident
business dimate for the economic development of these non-timber forest resources, we must dso settle
with firg nations peoples and include them centrdly in these developments. Thisinvolves deding in an
effident and fair manner with both land daims andtraditional knowiedge.

Three problems arise:

C How should the province ded with commercidly-useful traditiond knowledge taken in the past?

C What should be done to ensure that first nations have gppropriate control over their
(undisdlosed) traditiond knowledge in the present, and financidly benefit from its
commercdizations when they wish to?

C And how can the province help perpetuate argpidly disgppearing body of firg nations
knowledge about the uses of BC fauna and floraB knowledge which is providing the
commercid badsfor avariety of twenty first century hedlth care products?

In BC, if we congder just the recording of the neames of first nations medicind plants and their
associated illnesses, goproximately twenty five to thirty percent of the entire knowledge base has passed
into the public domain through the publications of ethnobotanists and other academics. Thismeansthat a
great body of knowledgeis il privately or collectively held by first nations.

Beyond its spiritud vaue to aborigina peoples, this knowledge base is acommercia resource both for
firg nations and for thase who form joint ventures with them. This knowledge base is evanescing rapidly
with the death of the dders.

Generally herbal dietary supplements, nutraceuticals and other health care products, rather
than pharmaceuticals, will emerge from this knowledge base and be commercialized. Dueto
recent advances in computerized high-throughput screening, big pharmaceutical firmswill soon
find it cheaper to randomly test everything they can collect (asthey did at first) rather than ask
elders. When this happens, they will generally stop looking for pharmaceuticals in the traditional
knowledge base of indigenous peoples..

The province should therefore set up atraditional knowledge fund, used to pay annud honoraria
directly to first nations eders knowledgeable in the medicinad and nutraceuticd uses of faunaand florato
continue their regular work. Each of BC's 191 bands has at least one main person with such
knowledge, well-recognized by the community. These people, often impoverished, have difficulty
recruiting gpprentices among firg natiors youths who have logt interest in thisknowledge. This fund
should aso directly pay firg nations gpprentices asdary to absorb thisknowledge. All of thismust be
done on a non-disclosure basis to be workable.



25. Economic Benefitsfor First Nations - At the sametime, much can be doneto
ensure aboriging control of, and finendid benefit from, undisdosad traditiond knowledge; and it isin the
government’ sinterest to achieve these gods for stable business devel opment. Thus the provincid
goverrment should draft and enact basic access legidation which:

C recognizes first nations as owners of traditiona knowledge and practices concerning the uses of
faunaand flora on their traditiond territories;

C obligates parties seeking commerdidly useful traditiond knowledge from first nations peoples, or
bioprospecting on traditionaly-held territories to fully inform local communities about ther
project and to seek their prior informed consent. (Such informing should incdlude the project’s
objectives, where it will take place, pecies sought, quantities to be harvested, duration, nature
of product, anticipated markets and sdes, and related information);

C soedifies that these parties share direct fiscd benefitswith firgt nations-- thet is givefar and
equitable compensation-- when a project results in commercidization(s). Benefits could take
the form of roydties, materid trandfer fees, contributions to capacity building, and other forms.

26. Sample Deposits - Legidation should aso require dl bioprogpectors to deposit duplicate
samples of BC biologica resourcesin adesignated ex-situ herbarium. Exchanges between fird nation
communities (of biologica resources or traditiond knowledge) would be exempt in the legidation.
Throughout the world and in other parts of Canedathere is equivaent emerging legidation which, if
properly modified, could serve asamodd for BC. Progressive BC legidation would contribute to a
dable busness environment.

27. Set Up a Working Group - Theseincentives and strategic messures are not exhaudiive.
The provincid government should therefore set up aworking group, with representatives from
government, the private sector, first nations and other stakeholders, to fine tune and extend such
measures and to concelve a detailed plan to develop the non-timber forest products and services, which
will beamainday of the BC forest economy in the next century.



Part|. Thelndustries

I ntroduction

Part |. presents economic and indudtrid andlysis of some non-timber forest products (NTFPs) and
sarvicesin BC -- wild food, medicind and nutraceutica mushrooms;, flord greenery; pharmaceuticas
and nutraceuticals from plants, bark, lichens and soil organisms; biocides (nontoxic insecticides) from
the same sources; anti-phytovirds (medicines for plants), and ecotourism.

In Part | we have atempted to identify BC's most economicaly vauable nontimber forest products
and services. These results are part of an FRBC-funded study to concelve an economic strategy to
support the development of these emerging products and servicesin BC. This strategy is presented in
Part I1.

This study was conducted by a research team from Cognetics Internationa Research Inc., Creekside
Resources Inc., (the busness arm of the Mount Currie Band), and the Centre for Asian Legd Studies,
Faculty of Law, UBC.

One of BC's comparative advantages liesin the diversity of emerging forest products and services,
some of which are based on bioprospecting. This search for fauna and florawhose underlying genetic
and chemicd information is providing the bass for new forest products—is now part of the indudtrid
drategies of saverd countries, and these products range from biocides, anti- phytovirads medicind and
nutraceutica fungi, non-toxic contraceptives, birth fadlitators, high-end oils, dyes and damars, agro-
chemicas herba botanicads preventative hedthcare products such as sunscreens; bio-detoxifiers of
both humean tissue and indudtrid processes, essantid oils and crop protectors, to pharmaceuticas from
plants, lichens, bark, wood waste and soil organisms. Some of the enabling technologies (not well-
developed in BC' s private sector) involve recent advances in computer-automated enzyme and
receptor screening and related means of naturd products testing plus combinatorid chemidiry.

At the same time there are red economic possibilities to extend markets for NTFPs which are presently
just gathered from the forest such asfood mushrooms, floral greenery, and native plants. Given these
developments, we havetried to:

1) review successful internationd producers of NTFPs and services—their main products, revenues,
profits, exports, and technology drategies,

2) identify current BC producer and user firms and organizations of NTFPs and services and rdevant
industry-level economic data—products, revenues, revenue growth, employment, exports, export
barriers, etc.;

3) identify the BC industrid capacity to perform natura products testing and discovery;

4) review and andyze the world markets for selected BC NTFPs and services and identify new
products, services and markets based on BC wildlands substances, not currently being produced,



which forestry, biotech, and other new entrants could produce and export;

5) formulate an economic/technology strategy to support the development of NTFPs and sarvicesin
BC, induding tax and fisca incentives and programs, technology sourcing meesures, legidaive
andysis pertaining to firg nations' property rights to fauna and flora and to tradtiona knowledge of
their uses, gpecidized technology support measures, and a commercid tenure framework for
developmertt.

A specific product category which emergesin thiswork across severd sectorsisthat of nutraceutical.
If amedidne is something one takes when sick to get better, anutraceuticd is something one ests when
oneis hedthy to ay hedthy or get hedthier. Nutraceuticals may be preventatives. 1t is now known, for
example, that foods containing folic acid reduce neurd tube defects in a deve oping fetus and thet fibre-
enriched foods are linked to lowering the risk of developing colon cancer. Food products and herbd
upplements that contain ingredients and additives which yield thergpeutic benefitsin addition to
nutritional benefits have estimated globa sales of between US $10-$12 billion worldwide in 1998
(Chatfidld Dean & Co. undated), and nutraceuticals can now be bought which inhibit the uptake of
cholesteral, manage hypertenson, curb free radicds which cause cancer and reducerisk of
cardiovascular diseases. All of these nutraceutica's come from naturd sources. Many of those
nutraceuticals growing into favour in the US markets are found on BC wildlands.

|. Floral Greenery

Since the Forest Practices Branch of the Ministry of Forestry recently commissioned and completed a
sudy of flord greenery (Westland Resource Group 1998), we are not examining the floral greenery
sector in detall in thiswork and have focused on the following NTFP sectors—wild food, nutraceuticd
and medicind mushrooms (aso caled mycomedicingls), wilderafting of medicind botanicals, anti-
phytoviras, biocides, and medicines from vascular plants, insects, lichens and soil organisms.

Neverthdess givenits potentid for growth, we have ascertained the following estimates about the Sze
and gructure of the flord greenery indudtry in BC. We were ableto identify twenty two firmsin this
sector, with collective gross revenuesin 1997 of between Can. $55 and $60 million. The largest firm
hed 1997 revenues of between $6-$8 million and severd firms had 1997 gross revenues of around $2
million. Thetota number of persons commerdidly picking flord greenery during 1997 is estimeted a
between twel ve to fifteen thousand.

This sector is comprised of two parts —four firms which sdl directly to Europe, and 18 amdler firms
which sdl to US buyerswho inturn sdll to European buyers. The direct sdlers get better prices. For
example with the main product in terms of weight}—sdd-- the amdler firms sdling to US concerns pay
pickers Can. $.80/bunch, (abunchisl.2 pounds), and sel to US buyerswho driveto BC a
$2.10/bunch. They thus make 30 cents’bunch. The firmswhich sl directly to Europe, dthough they
must pay transportation costs, recelve 30 cents/bunch plus amark up of between 20%-30% (Richard
Rass persond communication).

In addition to sdld, (75-80% of the BC flord greenery busnessin terms of sdes), ferns, cedar boughs,
huckleberry, boxwood and other flord greenery are regularly harvested in BC and sold mainly to



Europe, Japan and eastern Canada. Some flord greenery companies dso harvest wild mushrooms, but
they do not take medicind botanicas, which is a separate, amd| industry subsequently described.

Il. Ecotourism in BC
Stll another non-timber forest service which we are not scrutinizing in detall is ecotouriam. With the
growth of environmental sengtivity worldwide, anew type of tourist has begun to gopear in tourism
marketing studies and charts. Such “ecotravelers’ are interested in nature, wildlife, traditiond cultures,
archaeology and conservation concerns. They wish to be educated rather than amused, informed rather
than entertained. In developing world ecotourism, they like to believe that they are hdping just by being
there, and agrowing trend is thet of ecotourigts paying for the privilege of offering their labour — building
pethsin the Monte Verde rainforest of CodtalRica, or participating in archaeologicd digs, or tree
planting to prevent river erosion.

Ecotourigts have aways been around, but now there are more of them and they have more money.

With comparatively little financd or policy hep from the provincid government, BC is dready aworld
ecotourism degtination, and this sector is the fastest- growing component of the world' stourism industry
(twelve percent annudly). Properly developed ecotourism destinations and activities aso hold the
greatest promise of al the nontimber forest products and services, to bring sgnificant revenuesinto
locd firg nations communities. Information-intengve activities are the most rapidly growing part of
ecotourism worldwide and areill-developed in BC. To give but one example, Whistler tourists would
pay condderable monies to tour, with an informed guide, the petroglyphsin the Mount Curry area

Approximately 13,000 persons are directly employed in BC's ecotourism indudtry (R. Harris, Tourism
BC, persond communication), with estimated 1997 direct revenues of Can. $165 million. If one adds
hdlf of the Can. $454 million annudly generated by our provincid parks plus an annua Can. $132 million
pent annudly on outdoor accommodation, ecotourists annudly are respongble for gpproximeatey Can.
$522 million in provindd income. This amount dwarfs the current provincid and private revenues from
the other NTFPs and sarvices, and this sector merits further sudy and significantly increased
government support. Using the modd of Belize and other countries which have mede ecotouriam
support anintegrd component of their indudtriad Srategy, thereisawide variety of tax/fisca incentives
and programs which could be put into place to hdp this indudtry grow. In mid-1998, North Americd's
largest fishing resort operator, the Oak Bay Marine Group of Victoria, with 1,200 employees a eight
resorts, began purchasing BC lodges to convert them to ecotourism destinations, and Roots (the
“environmenta shoe company”) isaso planning to set up ecotourism lodges on Vancouver Idand.

With this cursory review of BC' sflord greenery and ecotourism industries, we turn to the main body of
this work with an examination of BC's gatherers, buyers and exporters of wild food mushrooms.

I11. Wild Food Mushrooms

Introduction

Many wild fores mushrooms are commercialy harvested in BC. The most vauable of these are
typicdly ectomycorrhizd such as the pine mushroom, (Tricholoma magnivelare), chanterelles, boletes,



truffles and hedgehogs. At the present time truffles are the only ectomycorrhizal food fungus whichisin
widespread cultivation in the Pacific Northwest (only in Washington and Oregon Sates).

The mogt vauable wild food mushroom crop, pines, is not yet a cultured and tended food crop in
managed forestsin BC or the US asit isin Jgpan and Korea, but as the demand and cultivation
technologies get better, both pines and other species dso will be grown in dedicated cultivation forests,
in mushroom plantations or in commercid agroforestry operations producing mycomedicinds, pines,
and timber. Agroforedry, the in-situ cultivation of severd flord or faund speciesin the fored, isredly
just beginning in BC and this effort has been spearheaded over the years by R. Halman (1998) of the
Cregton divison of the Minigtry of Agriculture, Fisheries and Food

Ectomyocorrhizal fungi form an integra relationship with trees, wrgpping themsdalves around tree roots
and permeeting some of the cdlsin the treg stiny feeder roots to form amycorrhiza organ. Such
fadilitates the passing of nutrients from the soil into the tree. In reward, the fungi absorbs organic
compounds necessary for surviva from the trees’ photosynthesi's process. These fungi aso connect
differing tree species and dlow, for example, the passing of nutrients from (what were previoudy
thought of as) “junk” treesto vauable timber species.

However the actud impact of harvesting wild mushroomsiis difficult to measure. Snce the bulk of the
fungi is underground and the mushroom is merdly its fruit, mycologists cannot determine if 2% or 90% of
al the mushrooms of a certain speciesin BC are being picked. Many harvesters, on the other hand,
clam tha picking mushrooms stimulates productivity. However, destructive harvesting techniques (such
asraking) may destroy the body of the fungus which istypicdly found in the top layer of the soil.
Despite this it would seem that aslong as the underground portion of fungi remain intact and the variety
of surrounding trees feeding fungi nutrients are aso intact, mushrooms can be picked every year.

Pine Harvests and Exports

The mogt vauable BC wild food mushroom export (dmost entirely to Tokyo and Oska) is
(Tricholoma magnivelare (Peck) Redhead) -a species of pine mushroom. There are at least four
commercid species of Tricholoma in the world —T. matsutake, the most economicaly vauable species
of East Asa T. bakamatsutake, dso from East ASa T. magnivelare of North America, and T.
caligatum from North Africa, Eurasa and North America In addition to other (non-commercid)
Tricholoma species, BC has bath limited numbers of caligatum and magnivelarein profuson.

A smdl quantity of BC pine mushroomsis exported aso to South Korea, and just as Canadian buyers
are active in Washington and Oregon states, US buyers purchasein BC. K. Blaner (persond
communication) found that 21% of dl processed pine mushrooms from the US Pecific Northwest are
firg exported to Canada and sold in Japan. Data taken during this research would indicate the Canadian
purchases of US fresh pines which are exported to Japan as a Canadian product comprise about 25%,
on average, of the BC harvest of pine mushrooms. Canadian trade data does not mirror these cross
border transactions.

In some years, the entire Pacific Northwest share of the pine mushroom market in Japan has exceeded
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20% but comprised an average of 16% for 1991-1995 (Weigand, 1997).

In an “average-to-good” year such as1996, approximatdy 392,000 kgs. of T. magnivelare were
harvested in BC. In alessthan average year such as 1995, this figure fdls to around 250,000 kgs. Most
of this product is exported from Vancouver within three days to Jgpan, whereit is consumed amost
entirdy in the two cities mentioned above. In most of Japan, consumers do not even know that Canada
produces pine mushrooms. In October 1998, a Canadian company exported pines directly to Sgpporo
for thefirg time and locd and nationd Jepanese TV extensvely covered this novel media evert.

Japanese imports of different species of pine mushrooms (al caled Matsutake in thisdata, by yesar, by
source country and by quantity are given in Figure . for the period January 1, 1995 through September
30, 1997 (Source: Canadian Embassy Tokyo).

Figure 1. Japanese Imports of Matsutake,
Tariff Classification No. 070951919, by Year,

Kilograms Imported and Country of Origin
(source: Canadian Embassy in Tokyo)

1995 1996 Jan.-

Sept. 1997
R.Korea 632,927 169,561 67,473
S.Korea 1,141,071 540,618 531,887
China 1,191,078 1,152,220 980,763
Lao PDR 224
Bhutan 1,747 3,299 2,758
Bahrain 223
France 200
Turkey 3,936 43,813
Canada 339,990 509,857 155,144
USA 1,631,195 172,413 71,571
Mexico 46,033 23,267 7,771
M or occo 828 85,845
Algeria 181
Audralia 3,720
Total 4,993,129 2,700,893 1,817,591




Our BC harvest etimates for pine mushroomsin 1995 and 1996 were derived in two ways. firs method:
severd buyers and mycologists were asked to estimate the percentage of tota BC harvest of pines
represented by the northwest region—thet i, the Nass vdley and surrounding regions. Thisarea
includes Terrace, Thornhill, Cedarvale, Kitwanga, Kitwancool, Skeenna Crossing, the Hazdltons,
Kigpiox, Cranberry Junction, Miziadan Junction, Steward and Highway 37 North to Dease Lake and
eadt to the SmithersHuston aress. It was then ascertained thet dl but two buyer companiesair shipped
this product firgt to Vancouver and then to Japan, and arr freight informeation was obtained from the
Terrace, Smithers and Prince George arports on weights of Tricholoma  shipped during the 1995
harvest season. This amount was then added to the tonnage of the two other companies and
extrgpolated to the entire provincid harvest using the average percentage (60%) of tota harvest
represented by the area as estimated by the mycologists and buyersin that region. This method involves
some assumptions which may not be accurate but yidds aredigtic order of magnitude estimate -—
254,000 kgs. harvested in BC in 1995, a“below average’ year for T magnivelare fruiting.

second method: working from the other end, data was obtained from the Canadian Embassy in Tokyo
on Japanese imports of Canadian pine mushrooms for the period of  January 1995 through September
1997 --induding kilograms imported by year, and import vauesin ‘000 yen and yervkg. For examplein
1995 Jgpan imported 339,990 kgs. of T. magnivelare from Canadavaued &t |,506,115,000 yen and in
1996 (a“good-to-average’ fruiting year), imported 509,857 kg vaued at 2,690,361,000 yen. (Thislast
figure does not represent the retail or wholesde auction prices in Tokyo or Osska but is an assgned
import vaue based on weighted grades). Conservatively assuming that (@) BC produces around 95% of
dl Tricholoma harvested in Canada and exported to Japan, (b) that Tricholoma imported from the US
to Vancouver and resold in Japan as a Canadian product represents around 25% of the BC harved,
and © that locd consumption is negligible, this method yidds a yearly BC harvest of pine mushrooms
for 1995 of gpproximately 262,000 kgs. and for 1996 of 392,000 kgs.

Pricesfor BC Pine Mushroomsin Tokyo

The Japan Agriculturd News for October 23, 1997 reported the following price range for pine
mushrooms a Ota Market in Tokyo. This priceis given in yervkg and indudes the 5% consumption tax.
At the time the exchange rate was 88.52 yen/$Can. (Source: Japan Agricultural News).

Figure 2. Price Range for Pine Mushrooms (yen/kg.)
(source: Japan Agricultural News)

Country of Origin High Medium Low




Canada 7350 4200 3150

usS 4200 3675 2625
China 12600 8400 6825
Korea 26250 26250 18900
Japan 65625 34125 26250

(Hiroshimaregion)

These price differentids arise, anong other factors, because different countries produce different
species of pine mushrooms and these have different shagpes, colours, smelstextures, and other qualities
which gpped to the Japanese consumer. Also the price for acountry’s product is dependent on market
availability of speciesfrom other source countries. It should be noted thet if the price of Canadian pines
roseto the level of those from the Republic of Koreg, the total pine revenues paid to our exporters
would increase by afactor of around Six.

If we assume that BC could eventudly annualy export around 600 tons of matsutake to Jgpan, with an
October 23, 1997 exchange vaue of 88.52 yen per Canadian dollar and price of 8,000 yen per
kilogram retail, this crop would presumably be worth around Can. $49 million in Tokyo. Assuming the
other food mushroom exports eventually equd this amount, the total BC wild food mushroom exports
would be around Can. $100 million in agood yesr.

Prices and Pests

IN1997, alower than norma price year for pines, buyers reported thet they received gpproximatdy US
$35/kg. on average for dl grades, dthough a times during the harvest season received up to US
$95/kg. for #'s (the best grade).

Part of the price differentid between Canadian pines and Japanese or Korean pinesis accounted for by
the fact thet the latter two mushrooms are farmed in cultivated forests, grown in tringent condiitionsin
those countries and controlled for insect infestation. Canadian pine mushrooms are attacked by severa
spedies of fly larvae, and thisisamgor factor in our lower prices.

Station buyers, of course, atempt to determine if the mushroom iswormy by squeezing, smdling and
visudly examining it, but typicaly if onthefirst day one hundred pounds of pines are brought to a
dation for purchase, roughly one quarter to one third of theseare infested, but only ten percent of the
infested mushrooms are detected by the buyers. In the second day, the buyer further removes, on
average, ten to fifteen percent of the purchased mushrooms asinfected, but even so, by the time the
mushrooms reachthe auctions of Osaka and Tokyo, afurther fifteen to twenty percent will eventudly
prove to be wormy. This Stuation is generdly acute only during August and early September, wheniitis
warm and infestations are accdlerated. But such infestation and discarding a various stages continues



throughout the harvest season. Since pet infestation is more prevaent in warm dimeates, the percent of
BC sdesto Jgpan which isfirg imported from warmer US growing areasin Washington and Oregon
and sold as a BC product contributes to comparatively high infestation rates of the “Canadian” products
and thus to the decade-long stagnation of prices paid for BC products. When a Japanese wholesder
purcheses pines from Japan or Korea, he knows they will not be infested since they are grown under
pest-controlled conditions. A possible response to these problemsis discussed in Part 1.

The Japanese Market for Pine Mushrooms

In Japan the mushrooms may go through up to Sx levels of wholesders before they are sold to local
retalers. After being unloaded from the planes, they arefirg sold asrapidly as possible a the morning
auctions for wholesders (generd public forbidden) in Tokyo and Osska A wholesdle buyer hasfive
seconds to bid on a 2kg box (five 400 gram containers) asit passesin front of him. Heis not alowed to
touch them but tries to determine larva presence through sght only. Sold mushrooms are then hauled
across the gtreet from the Osaka auction where another layer of wholesalers buy them at fixed prices
and so on down theline.

Thefind (high end) consumer product, a sngle pine mushroom endosed in a beautiful smdl pine wood
box with a piece of fern in the background and sedled on the top with trangparent plagtic, may retall for
up to US$150. Thiswill be purchased and taken home to be very thinly diced and consumed over a
wesk by an entire family.

Fine mushroom production has falen in Japan Snce the mid 1800' s when consumption was around
12,000 metric tonnes annualy (Weigand 1997). Presert consumption is estimated at around 4,000
5,000 tonnes per year. The Japanese prefer the species T. matsutake from Jgpan, (and then Koreq),
and lower grades are often frozen and used by food manufacturers. The Korean matsutake, which gets
congderably higher prices than the Canadian product is so devoid of flavour thet it is sometimesinjected
with pine oil before being imported to Jgpan. Neverthdess the price differentid between Canadian and
Korean pinesis mainly accounted for by the fact thet the preferred Korean and Japanese matsutake
look very smilar with respect to the long narrow stem and smdler, brownish cap. (Since Japanese
consumers accept the Korean pines adulterated with pine ail, they might equally accept Canadian pines
whose caps are ganed with some organic substance such as soy so thet they more resemble
Matsutake).

Jgpan consumes both domestically- produced and imported pines. Between 1991-1995, Japan
production comprised only between three to Sixteen percent of al pines consumed (Wegand 1997), and
invasion of Japanese sands of red pine (Pinnus densiflora) by insect and nematode pathogens has
vadlly decreased the pine harvest in Jgpan after 1960. Present harvest is about one tenth of thet in the
ealy fifties Even with therisng pineimports, tota pine mushrooms on the Japanese market are il
consderably less than the Japanese domestic harvest of the 1950s.

Since pine mushrooms are obligate mycorrhizal partners with trees, to date no one has been ableto
culture them attificdly to the levels of commercid production.

The Jgpan Tariff Association has kept records of pine imports to Japan since 1976 and included shiitake

8



and truffles snce 1993. Figure 3 presents va ue and volume of imports by species group for 1993-1995.

Figure 3. Value and Quantity of Imported Fresh and

Chilled Mushrooms to Japan, 1993-1995.

valuein billions of constant 1990 yen;
Volumein metric tonnes, (in parenthesis)

Species 1993 1994 1995
pine mushrooms 13309 19262 20136
(Tricholoma spp.) | (19443) (3622) (4993)
Shiiteke 9316 10456 9608
(Lentinula edodes) | (15586) (24316) (26308)
truffles 253 289 344
(Tuber spp.) (4) ©) (5)
al others 240 266 340
(655) (572

sour ce: Japan Trade Association

Weigand (1997) has noted thet a“three tier” market has arisen in which Jgpanese matsutake
commeands the highest prices; Korean matsutake commeands a haf to athird of these pricesin Japan,
and the products of other countries such as Canada command on average athird to a hdf of the vdue
of the South Korean imports to Japan.

Unfortunatdy the Japanese and Canadian pine mushrooms are harvested a roughly the same times, but
as noted, the Japanese product is redly farmed in cultivated forests and controlled for pests. At the
experimentd forests operated by the Kyoto Forest Experimentd Station visited by one of the authors,
pine mushroom production by 20 years was around |.9kg/haand is expected to rise to gpproximately
|00kg/ha by the 35" year. Shauin Freeman (1997) has provided datawhich dlow usto compare the
productivity of this (typical) cultivated Japanese tract a 35 years growth with wild gethering in the
Nahatlatch Watershed. Freeman found that an area of approximately 5,988 hain the Watershed
produced aminimum of 19,799 kgs. of pine mushroomsin agood year, of which gpproximately haf
were harvested. (In Kyoto, amog the entire crop is harvested). These figures would indicate thet the
wild Nahatlatch harvest yid ded gpproximately 1.65 kgs/ha harvested, compared with [00kgs/haa
Kyato, or one Sxtieth of the latter projected harvest. Although the hypothetical Kyoto production is il
twenty yearsin the future, this comparison alows us to see the types of productivity increases possble
through cultivationforestsin BC dedicated to T. magnivelare maximisgion.

Market Values for Pine Mushroomsvrs. Timber
Freeman’s data dso dlows us to perform a crude estimate of the comparative market vaue of the pine
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mushrooms versus the va ue of the timber in one aea of the Nahatlaich Watershed. The timber in this
areaismanly open sands of H Class 7-8 Douglas Fr which are gpproximatdy 140-250 years old, plus
Hemlock and Basam. Exduding non-commercid cottonwood, aspen, birch and meple, Figure 4
presents volume estimates of the main commerdid species growing in 27,683 ha of the Nahetlatch
Watershed. These pricesin Figure 4 are averaged from six months of prices during 1998. The average
market price used for pine mushrooms in these calculations was US $20/Ib, athree year average.

Figure 4. Nahatlatch Timber Area and Volume/Price Data
(Area: 27,683 ha.)

Species Volume AveragePrice
(cu. metre) ($CDN/cu. metre)
Hr 3,489,630 $111.00
Spruce 624,690 $67.00
Cedar 855,996 $132.00
Hemlock 2,851,608 $67.00
Basam 3,076,417 $67.00
Cypress 62,442 $123.00
Fre 706,654 $ 54.00

Source; Timberline Consultants

Freeman’ sfigures for the pine mushroom crop were taken in agood year. If we consarvatively assume:
(1) on average that annud yearly fruiting of pine mushroom volume on this 5,988 ha parcd of land is half
of hisvadue (2) that dl of the logs are harvested and sold &fter the accepted maturity cycle of 120 years
and that dl of the mushrooms are harvested annudly; 3) thet dl of the timber in figure 4 is currently
meature and evenly didiributed over the entire 27,683 ha, then we can do an area converson and
compare the crude market value of timber growing on the smdler parcd over al20 year maturity cycde
with the vaue of the pine mushrooms. Thus assuming thet thisland is dearcut now and again after 120
years, and dso assuming that prices for timber and pine mushrooms remain sagnant or rise
proportiondly, the timber will fetch goproximately Can. $426 million with two harvests But if only pine
mushrooms are harvested, they will fetch gpproximately Can. $73 million in congtant 1998 dollars over
the 120 year cyde, or around |7% of the market vaue of the timber.

This comparison is, of course, based on awild productivity levd of around 1.65 kgs/ha harvest. If we
assume that Asan agroforestry techniques could be ragpidly introduced into this areg, then the
percentage quickly increases. Assuming, for example that haf of the 5,988 haachieves hdf of the
anticipated 35" year productivity leve a Kyoto, that is, 50 kg./ha, then over two timber harvests or 120
years, the vdue of the pinesis roughly twice the vaue of the timber.
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Japanese Price Trends for Pine M ushrooms

Weigand (1997) has projected prices for Pacific Northwest pine mushrooms based on differing
assumptions of future per cgpitaincomein Japan to the year 2020. Red pine mushrooms prices, he
finds, will increase aslong as the Japanese economy grows at even modest rates of 1.5% annudly. This
modd aso assumes that there will not be some mgor breskthrough in atificidly growing pinesto the
Sage of commercidization as there has been with non-mycorrhizal species such as shiitake. Surprisngly
then, in spite of the deep current recesson of the Japanese economy, pricesfor pine mushrooms are
strong, with #ls and #2s fetching Can. $I00/kg and #4' s and #5'sin the range of Can. $28-38inthe
Nass Vdley in October 1998 (S. Mills persond communication). The hot wegther from El Nino dried
out much of the mushrooms patches in the south of BC during the 1998 harvest, and the Nasswas one
of the few places where they were pralific.

In the foresaeable future then, it would seem that Japanese consumers can aosorb dl the pine
mushrooms which BC can export; therefore, the limits to export become the limits of susaingble
harvesting plus cultivation. The Canadian pine mushroom indudtry is underdeve oped compared to what
it could be, and these generd market prognoses would point toward more intensve forest- based
cutivation of pine mushroom aress to increase the export volume as has been done in South Korea,
targeting forest types best suited to enhanced commercid yidds, implementing agroforestry projectsin
gppropriate productive stands and more extensve marketing and market research to aid the private
sector effort in Jgpan and Asa These matters are discussed in Part 1.

Intensve expanson of T. magnivelare in BC through avariety of means provides an opportunity to
diversfy forest production and South Karean practices provide an economicaly successful modd. In
spite of atiny forest base, intensve in-Stu cultivation in thet country has resulted in a Stuation where
pines comprise 3% of al Kored sforest products revenues (Gamiet 1998).

BC Industry Structure

We were able to identify Sixteen active companies exporting wild food mushrooms (of severd species)
from BC. Over 90% of dl exports from Vancouver to Japan of pines are controlled by saven
companies, (3x of which are Canadianrowned). In agood fruiting year for pines, these seven
companies have collective before-tax revenues from pines and other mushrooms of gpproximatdy Can.
$40-$45 million but in abad year thisfigure can fal to around Can. $25 million. Individud mushroom
revenues of these seven companies ranged in agood year from Can. $22 million to under Can. 8
million. We have identified only three BC companiesinvolved in the export of nutraceutical and
medicind mushrooms, however there are dozens in Oregon and Washington setes.

Although over the past decade, the pine harvest has gpproximately doubled, the average price paid to
exporters has remained the same---around US$9.00-$20.00/1b. In 1997 there was a brief price war
for pine mushrooms in the Nass valey. Some companies which had been inactive for severd yearsre-
entered the pine market and when this happened, severd large, established companies raised thefidd
price paid to harvesters to the range of Can.$35.00-$50.00/1b, driving the new entrants from the fidd.
(When this occurred, some companies lost in excess of Can. $50,000 in atwo week period). At the
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same time the wholesale price for pinesin Tokyo and Osaka was around yen 5,300 —an anomaous
Stuation in which the fidd price pad to pickers was dmost twice the landed price in Tokyo. Canadian
pine exports have grown & roughly 10% annudly since 1993, and the combined Oregon and Washington
gate wild food mushroom industry has grown at an average annua rate of around 12% since 1987.
(K.Blatner, persond communicetion).

Pine Mushroom Research in BC

Comparatively little is known about the biology or ecology of our species of pine mushroom, T.
magnivelare. Mogt of what we know is based on inferences from Japanese research on asister
species, T. matsutake. In spite of the fact that T. magnivelare isour most vauable wild food
mushroom with gpparently guaranteed markets, little research has been performed in BC. S. Berch
(1996) has conducted a yeer of field work with the Nisga a Tribal Council in the Nass Vdley deveoping
procedures to assess pine productivity and ecology, and F. Fogarty through Magter’ swork (1999) has
investigated the sgprophytic and mycorrhizal cgpacity of pine mushrooms and has dso corrdated timber
harvest methods with pine production (1998).

Fogarty's thesis dedl s with the culture of pine mushroom mycdium, examination of its enzymetic
cgpabilities, the use of resulting colonies for in vitro ectomycorrhiza trids with conifer seedlings, the
andydsof its be ow ground ectomycorrhiza form (i.e. root-tip morphology from soil core samples
collected directly beneath sporocarps) and lagtly the andyss of colonies (shiros) and mushroom
production and digtribution at different devationsin thefidd. More recently Fogarty has been examining
the isolation, growth, maintenance and expangon of pine mushroom mycdium. Numerous tissue cultures
have been isolated from throughout BC and are being grown on both solid and liquid mediafor
extraction and analysis of pharmacologicaly active compounds aswdl asfor use asinoculum in vitro
(ectomycorrhiza synthess with aseptically grown seedlings) and in vivoinoculdion trids (fidd
inoculation of cultivation forests). Isolates have been confirmed asT. magnivelare usng DNA andyds
techniques.

The mycdiad biomass of these isolates is presently  being expanded on both solid and liquid media for
use asinoculum for pine mushroom enhancement trids in the Sunshine Coast Forest, and Fogarty is
currently examining anumber of field inoculation methods in both first and second growth forests
induding:

1) Sporesisolaed from pine mushrooms and directly gpplied to specific candidete treesin Douglas fir/
western hemlock stands.

2) Sporocarps (whole mushrooms) ground up and incorporated as adurry to soil.

3) Vegdative mycdium-tissue culturesisolated from young #1 mushrooms (buttons or primordia)
applied both in the fidd and laboratory inoculation trids.

4) Spawn-increased mycdid biomass (both on solid and liquid media) gpplied as aove.

5) Seedling transplants - sdlect species of tree seedlings planted into the colony or shiro in the fidld and
resulting colonized seedlings trangplanted to new Stesin both first and second growth stands.

6) Shiro transplants- prior to timber harvest pine mushroom colonies are located, and removed
(literdly dug up ) and relocated to adjacent stands (F. Fogarty personad communication).
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Theimplications of such research are far reaching and may help to dleviate some of the ecologica
Sresses imposed on pine mushroom producing Sites caused by timber harvesting ectivities aswell as
gte disurbance (eg. soil compaction, raking, wildlife disruption, littering and over-picking).

In addition, S. Freeman (1997) has conducted productivity and ecologica research on pinesin the
Nahatlatch Vdley, and S. Gamiet (1998) has conducted an overview of pine mushroomsin the Skeena-
Bulkley region.

Other Wild Food Mushrooms (Chanterelles, Morels, and Boletes):
Chanterelles

In agood year, gpproximately 750,000 kgs. of chanterdles are harvested in BC, dthough in abad year,
this harvest can fal to a quarter of this number. (Experienced pickers believe that the main factors
effecting fruiting are the amount and timing of ar and ground temperature and moidure).

The main regions where charterdlles are harvested (in decreasing comparative quantities) are
Vancouver Idand, Hada Gwaii, Powd River, the Sunshine Coagt and the areas around Chilliwack,
Hope and Pemberton. Chanterdlles (and dl the so-caled European mushrooms) grow in many places
throughout the province but are often not picked. Experienced pickers, for example, estimate that
dozens, if not hundreds, of thousands of kilograms of chanterelles grow in the Nass valey region but are
left to rot. Generdly the European mushrooms are not harvested in regions where pines are present due
to the condderably higher market vaue of the latter fungi. Compared to pine prices, the low prices pad
for chanterdlles redtricts the range which pickers will drive to hunting grounds and aso determines the
locations of buying gations.

In the following discusson prices are given in the unit and currency actudly paid to pickers and
exporters. For example pickers are paid in Canadian dollars per pound picked.

Pickersreceive on average between Can. $2.00-$4.00/b for chanterelles and an average sdlling price
of Canadian exportersisin the range of USH0.00-$15.00/kg fresh and landed in the US or Europe. In
1996, for example, 253,000 kgs. of fresh chanterelles were imported from Canadato France at an
average landed price of US $10/kg. (Intotd, from al source countries, France imported 1,477 tonnes of
fresh chanterdlesin 1996 and 1,184 tonnes of dried wild mushrooms of dl types, of which two tonnes
originated from Canada). (Source: Y annick Dhelly, Commercid Officer, Canadian Embassy, Paris).

Boletes

In agood fruiting year, goproximately 100,000 kgs. of fresh boletes are harvested in BC, mainly from
Hada Gwaii and the Prince George area. In abad year there may be virtudly no harves a dl. Thee
mushrooms are so Weether dependent that it is not possible to rank order their source aress. Again
boletes grow in many places where they are not harvested.

Pickers on average are paid Can. $2.50/1b for boletes (there are four grades), and exportersreceive
US $8-12.00/Ib landed and fresh, around US$75.00/kg. dried and landed, and around US$5.00-
6.00/kg frozen. Approximately 90% of dl harvested boletes are exported dried or frozen and only
around 10% of the harvest is exported fresh. Boletes are one of the firgt wild food mushroomsto be
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attacked by pedts, (they can change gradesin three hours), and there is currently aworld shortage of
king boletes.

Morels

Inagood year, gpproximately 225,000 kgs. of morels are harvested in BC and the Y ukon but in abad
year thisfigure may fdl to the range of 10,000- 20,000 kgs. (It is generdly BC pickers who perform the
Y ukon harvest). Seventy five to eighty percent of al mords exported from BC come from the Y ukon
(because BC does such agood job in suppressing forest fires), with the remainder arisng from the
Pemberton areq, the southern Okanagan and the Smithers area (in decreasing order of importance).
There are two grades of morels and pickers receive, on average, Can. $3.00/1b for fresh mords, with
exporters receiving US $18.00-$22.00/1b fresh and landed, or in the range of US $100.00-$125.00/kg
dried and landed in the US or Europe. Both boletes and morels are exported fresh only about two
weeks of the entire growing season because they are rapidly attacked by pests.

Additional Food M ushrooms

In addition to the so-called “ big four” wild food mushrooms from BC (pines, boletes, morels and
chanterdles), there are some smdl emerging sdes of other food mushrooms such as lobster, secondary
baletes, cauliflower, sweet tooth, hedgehog, and other mushrooms. These other food mushrooms
together presently account for aharvest of around 50,000 kgs/year throughout the province and sdlers
receive around Can. $50.00/kg. dried and landed on average for these species. These mushrooms are
generdly sold fresh only in the US and in very smdl volumes. The sdle of dried Lobster mushroomsis
just beginning to Europe, and severa companies expect to recaive in the range of US$40.00-
$50.00/kg. for dried lobster mushrooms. Another wild food mushroom species generdly ignored in BC
isthetruffle. (The North American Truffling Society has estimated that aSingle older forest acre replete
with mushrooms can annudly produce up to US $240,000 worth of truffles). Although we were not
able to separately determine BC truffle exports or consumption, Filz and Molina (1996) report thet
about 32,000 kgs. of Oregon white truffle (Tuber gibbosum) were harvested in Oregon and
Washington in 1992, with prices averaging US$32/b. They dso interestingly note that some early
Oregon marketing attempts failed because they presented immeature, odourless truffles to consumers,
located by random raking rether than the ripe, arométic fruit found by trained animals

The above esimates for “good”’ and “bad” year harvest quantities of the European mushrooms are
based on two sources —averages of buyer edimates a fidld dations for ther regionstaken in the fal of
1997 and import data from the consuming countries. The latter information sources proved scant and
generdly are given in the category of “wild mushrooms’ with no species spedifications. To give just one
example, Switzerland givesimport datidicsin terms of “wild mushrooms’ - dassification No. HS
0709.5100. In 1996, Switzerland imported 2,164 tonnes valued a 20.4 million SFr and in 1995 2,022
tonnes for 19.3 million SFr. Out of atotd of 21 supplier countriesin 1996, Canada ranked 7" in terms of
volume, supplying 83 tonnes a 1,446 million SH. (At that time the Canadian dollar and the Swiss Franc
were gpproximately on par).(Source: Miche Tetu, Central Europe Divison, Dept. of Internationd
Trade and Externd Affairs, Canada).

In order of importance, the consuming countriesfor BC chanterdlles; boletes and morels collectively
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are France, Germany, Itdy, Switzerland and the Netherlands. France serves as the mgor redistribution
centre for Europe.

Callectively, in agood year, over | million kgs. of chanterdlles, boletes, and morels are exported from
BC (if we indude the Y ukon component of morels). There are gpproximatdy 6,000 pickersin BC
during harvest time who receive an average daily wage of Can. $50.00-$150.00. In mogt regions of the
province, around two thirds of dl pickers are locas and one third professond, migratory pickers. Inthe
fdl of 1997, Adan pickers were a noticeable presence for the firgt timein the Nass valey (around 3-4%
of the picker force of 2,600).

We have attempted to identify “best bet” BC food mushrooms which could be harvested and exported
to the US, Europe and Asia. These species are represented in bold in Figure 5. Criteria of identification
involved volume available in BC, consumer preferences and trends, proven markets in regions of the

US, etc. (Figures’5 and 7 were compiled with the guidance of F. Fogarty, S. Redhead and S. Gamiet).

Figure5. Edible BC Wild Food M ushrooms
(not exhaustive)
(bolded represent “ best economic bets’)

Genug/Species

Common Name

Armillaria ostoyae and allies
Auricularia auricula

Aleuria aurantia

Boletopsis leucomelaena
Boletus edulis

Boletus mirabilis

Boletus smithii

Boletus zelleri

Cantharellus formosus
Cantharellus infundibuliformis
Cantharellus subalbidus
Cantharellus cibarius var. roseocanus
Clavulina cristata
Dacrymyces palmatus
Gomphidius oregonensis
Gomphidius subroseus
Gomphus clavatus

Hericium abietis

Hydnum repandum
Hygrophorus bakerensis
Hypholoma capnoides

Honey Mushroom
Tree Ear

Orange Peel

Kurotake

King Bolete

Velvet Top

Smith’s Bolete

Zeller's Bolete

Pacific Golden

Funnel Chanterelle
White Chanterelle
Rainbow Chanterelle
Crested Coral

Orange Jelly

Oregon Gomphidius
Rosy Gomphidius

Pig’'s Ear Gomphus
Connifer Coral Hericium
Hedgehog

Mount Baker Waxy Cap
Smoky Grilled Wood Lover
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Genus/Species

Common Name

Hypomyces lactifluorum
Laccaria laccata
Lactarius deliciosus
Lactarius rubrilacteus
Laetiporus sulphureus
Lycoperdon periatum
Lycoperdon pyriforme
Lyophyllum decastes
Morchella esculenta
Morchella elata
Pleurocybella porrigens
Pleurotus ostreatus
Pluteus cervinus
Polyozellus multiplex
Pseudohydnum gelatinosum
Rozites caperata
Russula xerampelina
Sparassis crispa
Suillus brevipes

Suillus caerulescens
Suillus cavipes

Suillus granulatus
Suillus lakei

Suillus lufeus

Suillus subolivaceus
Suillus tomentosus
Tremella lutescens
Tricholoma caligatum
Tricholoma flavovirens
Tricholoma magnivelare
Tricholoma portentosum
Tuber gibbosum

Lobster Mushroom
Common Laccaria
Delicious Milky Cap
Red Juicy MilkyCap
Sulphur Shelf

Stuffed Puffball

Pear Shaped Puffball
Fried Chicken Mushroom
Yellow Morel

Black Morel

Angel Wing

Oyster Mushroom

Deer Mushroom

Blue Chanterelle

White Jelly

Gypsy Mushroom
Shrimp Mushroom
Caulliflower Mushroom
Slippery Jack
Blue-Staining Slippery Jack
Hollow Stemmed Larch Bolete
Dotted Stalked Slippery Jack
Lake’s Bolete

Slippery Jack

Slippery Jill

Woolly Capped Bolete
Witches Butter

Fragrant Pine
Man-On-Horseback

Pine Mushroom
Streaked Tricholoma
Oregon White Truffle

Price Trends for Wild Food Mushroomsin the US
Keth Blaner and S. Alexander (in preparation) have examined prices for seven commonly harvested
mushroom species in the US Pacific Northwest. These prices are very volatile as reflected in the annud
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vaiations of Figure 6. In generd these prices are lower than prices paid to BC pickersfor BC
products.

Figure 6. Mean Pricesin Current US Dollars
for Selected Wild Edible M ushroom Species
Harvested in Oregon, Washington and | daho,

per Pound

Name 1992 1994 1995 1996
Boletes $4.53 $6.40 $5.51 $6.63
Chanterelles $3.09 $4.00 $3.02 $3.06
Hedgehog $3.29 $4.86
Morels $4.14 $5.86 $4.57 $5.60
Matsuteke $8.37 $17.00  $18.69 $12.26
Truffles $31.62 $24.80

Source; K. Blatner and S. Alexander

As of January 1998 there are no redrictions on the internationd trade in wild mushrooms, but giventhe
fact that more picker permits and regtrictions will probably be indtigated in the US to control for the
amounts of mushroom harvesting and given the environmentd catastrophesin the Asan forests such as
the on-going burning during 1998 of the Indonesian forests, prices of both food and nutraceutical
mushrooms may rise dragticaly over the next five years

V. Medicinal and Nutraceutical M ushrooms

The medicind and nutraceutical mushrooms, extracts, and products built on these have greater
economic potentid for BC than the wild food mushroom crop.

North American medica research on mushrooms is scant, and BC' sfirgt nations peoples do not have
an extensve higory of usng mushrooms for medicind purposes (Nancy Turner persond
communication). But medica research in Asa (mainly in Japan and Ching) and in the Russian Far East
includes diverse research programs investigating the thergpeutic effects of mushrooms, their mycdiaand
extracts. Mushrooms have been traditiondly ignored by medica and nutritiona researchersin the wes,
and many western cultures are “fungophobic” for reasons too complex to describe here. Also, western
medicine has traditionally sought “meagic bullets’ effective againg spedific pethologies and whose
underlying physiologica/chemica mechanisms could be ducidated. Until recently substanceswith
dleged immune-boogting properties and hence potentidly effective againgt awide range of divergent
pathologies were Smply dismissad as nonsense. Al of thisis changing.

Many anti-tumour components have been developed from mushrooms in Japan and commercidized into
products (Mizuno 1995). In addition to generd immune-boosting properties, many mushroom and
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mycdium derivatives have aso been found effective, to varying degrees as anti-vird, anti-bacterid and
anti- paragitic agents and in dleviating certain Sde effects of acquired immune deficiency syndrome
(Mizuno et al. 1995).

One of the main results which has emerged from literdly hundreds of |aboratory and human dinicd
sudies during the ladt thirty yearsisthet ingredients of avariety of fungi can both inhibit tumour growth
and improve the functioning of the immune system. Spedifically compounds named polysaccherides—
large branched, chain-like molecules congructed of many smdl units of sugar molecules — have been
intensdly scrutinized and found to have both anti-tumour and immune simulating properties. Such
polysaccharides are found in both fungi and lichens which are native to BC. The immune-dimulaing
polysaccharides found in many BC fungi species are dso found in some higher plants, such as
Echinacea, one of the fifteen top herba remedies which currently collectively account for aworld
herba market of US $ll billion (Chetfieddd Dean & Co. undated).

Polysaccharides and other ingredientsin fungi such as terpenes and steroids have dso been found to
have antibiotic and antiviral properties, to reduce the levels of lipids in blood and to lower blood
pressure. Ingredientsin medicind mushrooms have dinicaly been found to simulate the production of
white blood cdls, antibodies and interferon (an anti-vird protein) and to inhibit the synthesis of
prostaglandins (locdly acting hormones which regulate blood vessd 9ze). Other fungal extracts such as
those from Lentinula edodes have been found to inhibit HIV infection of in vitro cultured human T
cdisindinicd trids (lizukaet al. 1990, 1990a) and in avariety of cases have been found to extend the
aurviva rate of patients with illnesses ranging from Hodgkin's diseese to lymphosarcoma, and
pancregtic cancer (Hobbs 1995). Although polysaccharides are a broad and common type of molecule
present in the mgority of the food we eat, specific polysaccharides such as PSK, which are presentin a
wide variety of BC fungi, are thought to have the medicina properties described above.

(Many of thefungd extracts which are dlassfied as drugs in Canada are classfied as food supplements
in Japan. Thisfact istaken up in the policy sections).

Nutraceuticals — Immune Stimulator s and “ Adaptogens”

Nutraceuticas can act ether as an immune simulant or as an “adgptogen”. It is currently thought thet
polysaccharides from shiitake (Ladanyi et al. 1993), Cordyceps spp. (Zhang et al. 1987, 1993) and
from Tramdes versicolor (Yanget al. 1993) plusawide variety of other fungi indigenousto BC all
increase the leve of macrophage activity and thus fortify the immune sysem’s combating of viruses and
bacteria

“Adaptogens’ on the other hand, are defined as substances which aid the body to adapt to
environmenta and psychologica gress. Farnsworth (1985) has shown thet the pharmacologicd effects
of the so-cdled adaptogenic herbs may be quite complex (for example supporting adrend functions).
Adaptogens are thought to enhance immunity indirectly through “balancing” the endocrine system.
Some laboratory tests (Locke and Hornig-Rohan 1983) have found that adagptogenic substances ad
cdlsin the more efficient use of oxygen and increase odlular respiration efficiency.

18



At the same time maingtream medica research has been investigating for more than ten years the ways
in which the immune, hormona and nervous systems are interconnected and affect one another. Hobbs
(1995) cites the wdl-known exampleinwhich excess cortisol hormone reeased from kidneysin
reponse to sress depresses the immune system.

Certain adgptogenic mushrooms (together with many other hedlth herbs such as Panax ginseng) dso
contain large amounts of the dement germanium  (Reynolds 1993, see dso Hung-Cheh and Mieng-Hua
1986) which baoth increases the absorption and use of oxygen in body tissue and protects from damage
aridgng from free radicas which are generated by such extra oxygen.

For the purpose of this study a nutraceutica is defined as a substance which has either prophylactic,
immune stimulating or adaptogenic effects when consumed or tissue injected. (Many polysaccharides
are not absorbed when eaten but pass through the bodly).

BC isone of the world's mogt economically-vauable, environmenta ly-pristine sources of nutraceutical
and medicind mushrooms, and among these are both rdatives of species usad for centuries throughout
Asafor trestment of spedific illnesses and immune simulation, and other species being consumed as
“nutraceuticas’ by both Asans and increesingly an aging boomer population in the US.

A nutraceutica then, is something one etsto say hedithy or to get hedthier, to enhance the immune
system even when oneis not Sck. If thisisadice of pine mushroom cogting $25 in alocd specidty
restaurant, so much the better. Nutraceuticas are sometimes also cdled “functiond foods’. A wide
vaiey of native BC mushrooms are thought to be immune simulators. According to traditiond Chinese
medical theory, the nutraceutical mushrooms are part of an herbal category called Fu-Zheng, which
increases disease resstance and “normaizes’ bodily functions.

Ganoderma lucidum (dso caled Reishi in Jgpan and Lingzhi in China) and related species ndtive to
BC containing active polysaccharides, triterpenes and other substances are utilized throughout ASain
both traditiona medicine and mainstream medical research. Japanese scientists have identified in excess
of one hundred ganoderic acids (triterpenes) in Reishi and research in Jgpan, Russa and China have
found crculatory sysem and dlergy benefits. A polysaccharide called PSK from Trametes versicolor,
ardative of G. lucidum, is used in Japan to suppress the spread of tumour cells and sdlsdry in Osaka
for US 1,500 - $2,000/kg. However sdling raw or dried source materid is only one way to derive
revenues

Smilaly Fomitopsis pinicola, ancther native BC species and F. officinalis are thought to possess
both immune-enhancing and pedific medicing effects. F. pinicola was used extengively by the Cree of
eastern Canadafor fevers, chronic diarrhoea and dysentery, and for chillsin consumptive patients.
Polysaccharides of this species have moderate tumour inhibiting properties againgt sarcoma 180 (Ito et
al. 1973) and have been used for centuriesin traditional Asan medicine to reduce digedtive tract
inflammeation and as a cancer preventaive.

Anacther common BC species, Schizophyllum commune, contains an extract caled SPG which is used
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in contemporary maingtream medicine of Japan for avariety of purposes A polysaccharide from this
pecies, SPG, has shown antitumor activity againgt both solid and ascites forms of sarcomal80 and
agang solid forms of saracoma 37, Y oshida sarcoma and lung carcinoma (Y amamoto et al. 1981,
Komatsu 1969, Tabataet al. 198|). Oka et al. (1985) found that Schizophyllan (SPG) increases cdlular
immunity through restoring T-cdll activity to normd levelsin mice with tumours, and this substance has
long been known to have protective effects agangt Pseudomonas aeruginosa, Saphylococcus
aureus, Esherichia coli, and Klebsiella pneumoniae infections in mice (see Komatsu et al. 1973). In
humean dinicd sudies SPG adminigtered to patients with inoperable gastric cancer combined with
chemothergpy dgnificantly prolonged life over those who received chemothergpy done (Furue 1985),
and smilar results were found with cervical cancer patients recaiving radiation thergpy with and without
SPG (Okamuraet al. 1989, Yonedaet al. 1991, Yangand Jong 1989). A study by Kakumu et al.
(1991) dso suggests that SPG benefits chronic hepatitis B patients, snce SPG enhances immune
response to the hepatitis virus through the production of interferong.

Neither Schizophyllum nor many of the medicinal mushrooms discussed here are available in Europe or
North Americacommercdly in bulk. In Jgpan Schizophyllumis consstently prescribed in cancer
thergpy together with other trestments.

Trametes versicolor (Yunzhi or Kawaratake) another common BC fungd species has been the subject
of much dinica research in Jgpan and PSK extracted from this fungus accounts for around 16% of
Jgpan’ s nationa expenditures on anti- cancer agents (J.Fukushima, persond communication). T.
versicolor ingredients are aso thought to enhance T-cdl proliferation and are taken in Adan countries
asanutraceutica. In Jgpan anutritiona supplement containing T. versicolor isgenerdly ussd asa
hedth food, and tegting in Jgpan has shown that it has cholesterol-lowering properties (Mitomo et al.
1980). Dried PK retails for around US $2,000/kg. in Tokyo.

Pharmecologicd effectsof T. versicolor ingredients such as PSK, indude the following examples cited
by Hobbs (1995); inhibition of sarcomal80 (Y an 1985); restoration of serum lysozyme content and
normdlization of spleen index (Cao . d 1986); effective againg lethd cytomegdovirusinfection
(Ebiharaand Minamishimal984); in vitro cytotoxicity agang hepaomacdls (Vdisoldao et al. 1983);
simulation of phagocytatic activity of macrophages and improving functioning of reticuloendothdlid
system (Zhu 1987); antitumor activity in animas with adenosarcoma, fibrasarcoma, mastocytoma,
plasmacytoma, melanoma, sarcomaand mammary, colon and lung cancer (Tsukagoshi et al. 1984);
prevention of metastasis (Ebina et al. 1987b); antivira activity through simulaing interferon production
(Ebinaet al. 19874); & the same time a glycoprotein from the mycdia of Trametes species has shown
adtivity in both animal and in vitro testing againg digbetes, thrombos's, rheumatism, hypertenson and
severd other forms of cancer.

In human dinicd sudies of the effects of ingested or intravenoudy adminigtered PSK, thereisnow a
literature IMply too vadt to be induded in agudy o thisnaure. To give asngle example in an early
study done by the Department of Gynecology at the Nationa Cancer Center Hospitdl in Tokyo
(Kasamatsu 1982) the effects on surviva rates of PSK were investigated with patients with cervica
cancer. PSK was oraly administered at three to Sx grams per day in conjunction with rediation therapy.
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At the end of the radiaion trestments, the population of patients with no observed tumour cdlswas
36% with PSK and |1% without it. Five year survivd rates were 64% with PSK and 41% without.

If we indude the microfungi, less than 10% of dl fungi in BC has even been identified much less
chemicaly andyzed for dleged nutraceutical ingredients such as polysaccharides, terpenes and
peptidomannans or tested as ecific anti-virds, anti-bacterias, etc.

Ganoder ma applanatum, anative BC species found in profusion has been found to increase the
proliferation of spleen cells, passesses anti-hiatic properties and in Sichuan, Ching, isused to treet TB
and oesophaged cancer. RNA from G. applanatum has been found to cause the production of an
interferon-like substance in the spleen of mice, and nudec acids which were isolated from this species
provide protection againgt tick-borne encephditis virusin mice (Kandefer- Szerszen et al. 1979). Gao
and Yang (1991) found that polysaccharides from G. applanatum both increase the proliferation of
pleen cdlsin vitro and have anti-tumour activity againgt sarcomal80 in mice

Ganoderma tsugae, arare BC species (but prevdent in the east), is one of the most cultivated
Ganoderma speciesin Tawan and Chinadong with G. lucidumand is consumed in severd Asan
countries as a nutraceutica. Three of the severd triterpenoids found in Reishi —lucidone A, ganoderic
acdid B and ganoderic acid C have been identified in G. tsugae, and Su et al. (1993) have found that
ganoderic acid B from G. tsugae provides effective protection from carbon tetrachl oride induced liver
toxicity. Wang et al. (1993), Won et al. (1992) and others have dso found thet the fruiting body contains
severd polysaccharides with strong antitumour activity againg sarcomal80 in mice,

To give another example, mycdiaextracts from Cordyceps ophioglossoides contain polysaccharides
with dleged immune enhancing properties and it is used in the traditiondl medicines of Vietnam, Taiwan,
and Chinato treat avariety of alments, incduding upper respiratory infections, chronic bronchitis,
pulmonary emphysema and tuberculoss. Two polysaccharides from this gpecies, CON and SNC, have
been reported to gimulate the immune system (Ohmori 1988&b, 1989ab), and CON has a direct
cytocidd effect on tumoursin the cases of MM46 carcinoma, Ehrlich carcinomaand P3383 leukaemia
(Ohmori 1989). Ohmori (1989a) dso reports that Sngle dosages of 0.5 mg/kg inhibited tumour growth in
mice with sarcomal80 by 98.7%. SNC isds0 active agang awide range of tumours. C.
ophioglossoides extracts aso apparently have strong anti-fungd and immune simulating effectsand
gpparently activate peritoned macrophages (Zhang et al. 1985). Another polysaccharide extracted from
this species inhibits the development of sarcoma 180 tumoursin mice (Yamadaet al. 1984). In China,
Cordyceps soecies are regularly consumed as anutraceutical lung and kidney tonic, for impotence and
anaemia

Auricularia auricula, dill another indigenous BC mushroom, is used throughout Asa as a nutraceutical
in soups and medicndly in China to reduce the build- up of certain types of blood choleteral. Xiaet al.
(1987) have found that polysaccharides from this species imulate RNA and DNA synthesis by human
lymphocytesin vitro (hence its use as an immune tonic), and polysaccharides from the species have
shown these effects on mice antimutagenic (Zhou et al. (1989); anticoagulant (Sheng and Chen 1989);
lowering of cholesteral, lipid and triglyceride levels (Sheng and Chen 1987); antidiabetic and
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cytoprotective effects on pancreetic mice cels (Xue et al. 1989); antiradicd, antileukocytopenic,
immunostimulatory and anti-inflammeatory (Xiaand Chen 1989), and antitumor activity on sarcomal80in
mice (Miski et al. 198).

To condude this discusson with afind example, Grifola umbellata, (also referred to as Polyporus)
,another indigenous Canadian species, caled Zhuling in China, contains severa polyporusterones which
have been found to be cytotoxic on leukemial20 cdlsin vitro (Ohsawa et al. 1992), and other
extracts from this species have inhibited DNA synthesisin sarcomal80 with mice (Chang and But 1987).
Polysaccharides from this species have dso been found to offer protection againgt ionizing radiation (Hu
and But 1987).

There are literdly hundreds of pharmacologica and human dinicd sudies of the effects of extractsfrom
Grifola and other fungd species on agamut of pathologies. For a comprehensve summary of the
chemiglry, pharmacology, human dinica sudies, contraindications, toxicity and usesin treditiona
medicine of the nutraceutica and medicina mushrooms, the reader is referred to Hobbs (1995), Bo and
Yun-sun (1980) and Ying (1987).

Findly, phytoestrogens, which are produced by many BC fungd species, are becoming an herbd
market category in themsdves and are examined in the sections on medicind botanicas

Fgure 7 contains our “firs cut” a identifying the most economicaly-vauable indigenous medicind and
nutraceuticd mushroom species which BC should concentrate on. The more vaue one can add to the
product, the greater the revenues. If one sellsdried mycdlid extracts, the rewards may be greater than
sling the fresh product. If one grows and sdls amycdia extract on an organic substrate, one will
receive higher prices from the nutraceutical consumer products industry then if the product is not
organic. If one sdlsanutraceutical or medicine through ajoint venture arrangement with alarge
didributor, the financid rewards are potentialy gregter than those for mycdia extracts.

Figure 7. Potentially Nutraceutical and Medicinal
BC Wild Mushroom Species
(not exhaustive)

Genusg/Species Common Name
Amanita muscaria Fly Agaric
Armillaria mellea Honey Mushroom
Auricularia auricula Wood Ear
Boletopsis leucomelaena Kurotake

Boletus edulis King Bolete
Boletus mirabilis Velvet Top
Boletus zelleri Zeller's Bolete
Cantharellus spp. Chanterelle
Cordyceps spp. Insect Fungi

Fomes fomentarius

Tinder Polypore
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Genus/Species

Common Name

Fomitopsis officinalis
Fomitopsis pinicola
Ganoderma applanatum
Ganoderma oregonese
Ganoderma tsugae
Gloeophyllum separium
Grifola frondosa
Hericium abietus
Inonotus obliquus
Laetiporus sulphureus
Lenzites betulina
Morchella esculenta
Phellinus igniarius
Pleurotus ostreatus
Polyporus spp.
Schizophyllum commune
Trametes versicolor
Tremella spp.
Tricholoma magnivelare

Quinine Conk

Red Belt

Artist's Conk

Varnish Shelf
Hemlock Varnish Shelf
Gilled Polypore
Maitake

Coral Hydnum

Chaga

Sulfur Shelf

Gilled Polypore

Morel

Flecked-Flesh Polypore
Oyster Mushroom
Polypores

Split Gill

Turkey Tail

Witches Butter

Pine Mushroom

Pricesfor Nutraceutical and Medicinal Mushrooms, Mycelium and Extracts
Figure 8 gives some typica March |, 1998 prices from BC and US firms for dried nutraceutical and
medicind mushrooms, mushroom extracts, and mycdiaextracts. Different chemicads may resdein
mushrooms caps and mycdia, and it is now common practice to use mycdium as an organic, continuous
source of polysaccharides. Thus PSK is generdly derived from Trametesversicolor myodium.

There are now dmost pharmaceutica-grade requirements for nutraceutical and herba fungd extracts
and both product qudity and guaranteed potency (Sandardization of ingredients) are very important.
One BC industry leader which exports dl over the world, North American Reishi in Gibsons, BC, isthe
company that firgt introduced standardized mushroom extracts, developing testing protocols for the
gamut of condtituents of their productsto internationa andards.

North American Reishi’s product groups indude: whole cultivated mushrooms, dried mycdium and
extracts from select genetic sock and grown on standardized organic substrates. These are sdlected for
maximum triterpene production. Through the use of HPLC, this company hasidentified Reishi cultivars
with very high naturaly occurring leves of triterpenes and then achieved organic catification for thelr

productsin 1997.
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Figure 8. Typical March 1998 Prices of BC and US Firms
for Selected Dried M edicinal and Nutraceutical
Mushrooms and Mycelia Extracts

Mushroom or Extract Qty. uUss USs
(retail) (wholesale)

Ganodamaluadum (Reishi) | 11b. $102.00 $22.25

Cordyceps sinense -fruit 1oz $89.00

body and caterpillar

(Dong Chong Xia Cao)

Auricularia polytricha 1lb. $16.00

Grifolafrondosa (Maitake) | 11b. $129.95 $25.00
loz $14.95

Grifola frondosa water 1lb. $120.50

extract, fine powder,

4:| concentration

CoriolisMushroomdcohal | 1 kg. $102.25

extract

This price liging requires qudifications. The retall prices are from Fungi Perfecti and Garuda, two US
companies, while the wholesale prices are those of North American Reishi and more redlidtically
represent the current market. At least one Reishi farm in BC, mativated by Fungi Perfecti price listings
avalable on the Internet, grew thousands of pounds of Reishi with no red market research and went
bankrupt.

Secondly, Jeff Chilton, presdent of North American Reishi, reports that pesk prices have been reached
for the time and prices are coming down. The main reason for thisisthet it is hard to compete a the
basdline with the Chinese, who can grow mushrooms chegper, pick them chegper and are predatory in
thelr sdes drategies. Severd large Chinese herb suppliersin the US and Chinasdl dried mushroomrs
and mushroom extracts for much less than the above prices. North American Reishi is able to compete
in the face of these predatory practices because of their superior product qudity —highly accurate
dandardisations of ingredients and organicaly grown. A sumbling block in BC isthe labour costs
involved in cultivating mushrooms. Unless the product isavery high vaue, “semi-precious’ item such as
matsutake, the labour component often renders the product uncompetitive.

Some producers are making powdered ingredients from nutraceutical mushrooms and their mycdiafor
use in capaules, hedth drinks, cosmetics and tablets. In Oregon and Washington, where the
nutraceutica and medicina fungi industry is much more developed (we were able to identify 18 firmsin
Oregon done), raw materid suppliers have diversfied from mushroom and mycdia bulk into adiversty
of finad consumer products, such as cgpaules of Grifola frondosa which are sold over the Internet.
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Production Technology

Determining, and sandardizing, the leve of ingredientsin nutraceutical or medicind mushrooms, for
exampleterpenesin Ganoderma lucidum, requires a sophidticated ability in anaytic chemistry and
HPLC (high performance liquid chromatography). Severd laboratoriesat UBC can do this and inthe
BC private sector there are Six facilities which can perform these tasks— JR Laboratories (the privetized
BC government labs), Canadian Phytopharmaceuticals, Elemental Andlyss, Phytogen Life Sciences,
Okanagan Ginseng Lab. Ltd, and the UCC Ginseng Testing Centre in Kamloops. The production
technology for natura products testing is described in the sections on “Medicines from Plants’. Almost
al of the above companies are three years old or younger, and before their existence, severa BC
growers of medicind botanicals who tried to move down line and make products were burned when
contract manufacturers who claimed they could produce standardized products could not ddliver the
goods.

Markets for BC Medicinal and Nutraceutical Mushrooms

The annud world market for nutraceutical and medicind mushrooms is estimated a gpproximatdy US
9.3 hillion “US $900 million in Jgpan plusthe rest of Asia, US $250 miillion for Europe and US §50
million for North America

1. The US nutraceutical mar ket—drictly spesking, nutraceuticas in the US are products sold as
nutritional supplements under the Digtary Supplement Hedlth and Education Act, which may have
therapeutic activities Currently fifteen popular botanically-derived herbals such as Saw Palmetto
(benign progtatic hyperplasa) and St. John's Wort (depression) capture over 75% of theworld's
esimated US 811 hillion herbd medicine /nutraceutical market.(Chetfidd Dean & Co. undated).
Gunner (1998) has estimated the US nutraceutica market as $2.7 hillion in 1997, with the Canadian
market as $270 million, dthough other estimates put this figure currently a $4 billion annudly for the US
with equivaent figures for Europe and Japan. For example The New Y ork Times of July 23, 1998 has
edimated that nutraceutical sdles (thet is, sdes of vitamins and minerds plus herbd supplements) in the
USincreased by 18% in 1997 to US $3.6 hillion and by 75% in dl Snce the 1994 regulatory changes
were adopted inthe US. It is predicted that sdesin the year 2000 will exceed US $7 hillion. Another
source (Schroder Securities Limited undated) has put the annud globd nutraceutica market & US $7.5
billion and predicts thet it will bein excess of US 313 hillion by the year 2000. (Severd countriesand
regions are moving to support their nascent nutraceutica indudtries. For example the government of
Saskatchewan announced in October 1998 the provison of $ million to help launch the Saskatchewan
Nutraceutica Network which will help market and promote nutraceutica, functiona food, and
“dermaceuticd” products from that province).

With the revised guiddines of the 1994 Dietary Supplement Hedth and Education Act, manufacturers of
herba supplements, which hitherto had been forbidden to make any headlth claims about their products,
were dlowed to advertise potentia hedth benefits, without conclusively proving effectiveness, aslong as
the wording did not claim or suggest that the product would cure, prevent or treat disease. A company
could, for example, clam that a Saw Pametto preparation “promoted progate hedth”.
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The consumption of nutraceuticals and netural medicines has moved into the US maingtream. Andrew
Wiall, a phydcian and dterndive practitioner has been festured on the cover of Time magazineand hasa
natura heglth website receiving severd hundred thousand hits per month. On this Site he prescribes an
immune-enhancing diet containing saverd mushrooms related to those found in the forests of BC.

2.The Japanese and Asan markets for medicinal fungi and extracts - The Jgpanese market in
1997 for nutraceuticas (of dl types, not just mushrooms) was gpproximately US$ 4 billion. (KPMG
1997). In Japan and other Asian countries, regulatory hedth daims are permitted, healthcare
rembursement for nutraceuticdsis alowed and nutrition is ressed in medicd curricula

Close rdatives of many fungi traditionaly consumed and induded in the Asan pharmacopoeia are found
in the forests of BC and even the Jgpanese penchant for egting pine mushrooms is enhanced by their
dleged longevity effects. Dedtructive gathering in Asian countries coupled with the effects of El Nino-
exacerbated burning of Adan forests, which is continuing through 1998, will decrease the supply in
Adan countries of medicina and nutraceutical mushrooms, cregting scarcity in some pecies.

To give specific examples, fresh or dried Ganoderma spp. and other species or refined extracts could
be s0ld to avariety of concerns, induding Canadian and offshore nutraceutical and pharmaceuticd firms
or research fadilities at universties, North American hedlth food and vitamin digtributors, etc. and
traditiond preventative hedthcare fungi are being increasingly consumed by agrowing Asan middle
class

In generd the mogt accessible and potentidly profitable nutraceuticd markets are those of the US,
Japan, Germany, the Scandinavian countries, and Southeast ASawhen it recovers from its current
financid problems. In dl of these areas product hedlth dlaims can be legdly made, and in both Europe
and Ada, the use of botanicdsiswel incorporated into contemporary medicine and preventative
hedthcare,

Gunner (1998) summarizes three dominant barriers to marketing nutraceuticals (induding nutraceutical
fungi) in Canada—aredrictive regulatory dimate (with the Canadian Food and Drugs Acts preventing
any hedth benefit dams on food packages); expensve dinicd trids, and the difficulty of obtaining
patent protection. These matters are scrutinized in the policy sections

V. Plant-Based M edicines and Nutraceuticals

I ntroduction

We dhdl begin by emphasizing this distinction between pharmaceuticals and herba medicines in generd
the former are based on asingle “active ingredient” from, say, a plant, while the latter it is thought,
depend on combinations of ingredients for their thergpeutic properties. Thereis, however, adefinite
trend to Sandardize extracts from medicind botanicalsin terms of asingle ingredient. The beneficid
properties of &. John’s Wort, it is thought, arise from the hypericin content, and preparations are
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dandardized in terms of the mgs. of hypericin per unit dosage.

If possble and commercidly feesble, companies will synthesize the active ingredient for pharmaceutica
medicines (in which case the source materids may no longer be needed), while with herbals, the entire
plant, or some part of it, or aliquid or dry extract may be consumed Again, mog active ingredients from
natural sources are too complex or expensve to synthesze commercidly.

Herba medicines purified to certain stringent levels of sandardized ingredients are called
phytomedicines or phytopharmaceuticals. European countries have along tradition of mainstream use
of phytomedicines, and some of the main producing companiesin Germany, France, Switzerland and
Italy are 120 years old.

Botanicd trestments for various conditions generaly cost lessthan hdf of the equivaent pharmeaceutica
product —ten cents per day for vaerian asadeep aid, adollar daily for atypica saw pametto trestment
for progtate problems.

Botanicd herbs are typicdly sold not merdly individudly but as part of complex herba formulae which
sometimes contain non-herba ingredients. The main product differentiation is now organic production
through ether growing or wildcrafting, and sandardization of potency of ingredients. The best sdlling
products are now standardized to a specific marker chemica or active component, and the production
of botanica preparationsis now gpproaching pharmaceutica grade qudity control, especidly in Europe
where phytopharmaceuticd formulae contain sandardized extracts of Gingko, Saw Pametto, Echinacea
and such.

With the exception of the research on the medicind effects of BC firgt nations botanicas, pace
precludes even a cursory review of the dinical and |aboratory research on medicind botanicds of the
European pharmacoepia, which till comprise the bulk of medicind herbs sold in North America The
reason we conducted such areview of medicind mushroom research in the previous sectionsis thet
thereis generd ignorance of thiswork in Canadaand the US sinceit has been largely donein Ching,
Japan and the Russan Far Eagt and published in foreign language journds which are sedom trandated

into English.

Nutraceuticas (things one egts to Say hedthy or get hedthier) have aways been around and
traditionaly induded vitamins, minerals, enzymes, and pecidty supplements such as shark cartilage. In
the past few years as North Americans have grown more sophisticated about the European experiences
with herba medicines, traditiond nutraceuticd products have been joined by agamut of aleged
immune-boogting herbals either gathered or grown. In North Americawhere phytomedicines and the
medica establishment are fill & war, the awvareness of work such as Germany’s Kommisson E
monographs has been dow snce mogt scientific publications on herbs and phytomedicines are published
in European medicd journds, often in languages other than English, since the destined target reading
audiences and markets are in Germany, Italy and France.

The consumers of herba medicines and nutraceuticds in Europe, and increesingly in North America,
believe one can build up resstance to disease by regular nutraceutica consumption. They are better
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educated, have higher incomes and believe one can take control over one' s hedth, and if North
American physdans will not provide herbd medicines, increesingly these people are researching and
providing their own phytomedicines and nutraceuticals over the internet.

But asyet BC and US herbd products manufacturers have generdly redtricted their product line to
plants common in the European pharmacoepia - Feverfew, Oregon grape, Saint John'sWort,
Echinacea, Burdock, Vderian, Gingko Biloba, Goldensedl, and such, and few BC nutraceutica or
botanica producers have taken up many BC indigenous plants beyond Devil’s Club, Oregon Grape and
. John’sWort. Nutraceutical manufacturers such as Sau, (which have been experiencing around 30%
annud revenue growth during the past two years) are understandably prudent about new product
devdlopment and take up new “ingredients’ only when there is a proven market plus substantial
upporting scentific evidence about a botanical’ s effects in publications such as Phytomedicine And
yet, with ingredients contained within this traditional European pharmacoepia, Sisu and severd other
nutraceutica firmswe interviewed have introduced or are planning to introduce their own line of
phytomedicines available to physcans only.

Thisindudry of plant-based medicines and nutraceuticals is more complex than BC's mushroom
industry because it has severad components —the wildcrafters, the pharmaceutica comp anies located
here-- some of which are bioprospecting for, testing, or manufacturing forest-based pharmaceuticas--
the medicind herbs growers and the hedlth food supplement and medicina herbs products
manufacturers (the nutraceuticd industry). We begn this section with a brief review of the world
marketsfor herba medicines and indudtrid trendsin these indudtries, and then andyzethe BC
pharmeceutica industry, the BC wildcrafters, and the provinda nutraceutica manufacturers —induding
markets, revenues, products, production technologies and related matters.

The World Marketsfor Herbal Medicines

The only countriesin the world with Sgnificant prescription saes of phyto (plant) medicines are Jepan,
Germany, Chinaand India Mogt of the sales of herba medicinesin North Americaand Europe are
OTC (over-the-counter) and are sold in the US as digtary supplements. These do not require a
prescription. Germany comprises about haf of the European phytomedicine market and Germany’s per
capita consumption of herba medicinesis about ten times that of any other European country.

The world market for herba medicines ( both crude extracts and refined, so-cdled
phytopharmaceuticals) has been estimated as US $14 billion in 1996 (Genetic Engineering News|997) —
Europe - $7 billion, Japan - $2.4 hillion, North America- 3.6 hillion and the rest of the world - $3
billion. The leading European productsin the first quarter of 1998 were Ginkgo biloba, Ginseng, Garlic,
. John'sWort, Evening Primrose and Echinacea. Phytomedicine sdlesin Europe increased 10-15%in
1997 compared to the previous year. By 1997 Americans were spending US $27 hillion annudly on
dterndive tretments of dl kinds (JAMA 1998).

The most developed market isthet of Germany ($3.5 billion) , France (($1.8 billion) and Italy ($0.7
billion). In European countries, and especidly in Germany, a sophisticated consumer pre-digposition
toward botanica drugs together with genera acceptance by doctors of the use of medicind botanicas
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has resulted in an open regulatory climate. Eighty percent of German doctors regularly prescribe
medicind herbs and their sudy ispart of training for physdans

Industrial Trends

Herbd medicines have long been part of the established medicd practice in Germany. The German
Medicines Act of 1978 has permitted the issuing of Standard Licenses for botanicd products after each
has been examined in a published monogrgph which detalls quditative and quantitative information
about the product —side effects, interactions, dosages, effects, indications, contraindications, etc. These
monographs are created under the jurisdiction of a specialy conceived body caled Kommisson E of
the Bundesgesundheitsamt (German Federd Hedlth Agency) and the focusin the German sysemison
individud plants. Thus far four hundred and ten monogrgphs have been created andyzing 324 herbs
with recommended dosages and it is expected thet this gpproach will be accepted by the EU. Of dl the
herbal medicines sold in Germany, about haf are OTC products sold for sdif-treestment and the other
haf viamedicd prescription.

The recent action by the German government limiting ginkgolic acid levelsin ginkgo leef extracts
illugtrates the extent that herbals are incorporated into mainstream medical practice in Europe and the
type of on-going atention to standardization that this requires. Standardized extracts of Ginkgo biloba
have been long goproved by Germany’s Kommission E for drculation and rdated cognitive benefits
Kommisson E's monogragph for dry Gingko lesf extract specifies severd parameterswhich must beina
cartain range. For example, the herb/extract ratio must be within the range of 35-67:1 and extracts must
contain 22-27 percent flavonone glycosdes and 57 percent terpene lactones, together with specific
ranges of bilobdide and ginkgolides A,B, and C. Also ginkgalic acids mugt be less thet five parts per
million. Thisis because ginkgolic acids are dassfied as dkylphenols and are rdaed to compounds
found in poison ivy and associated with dlergic responses.

Accordingly in May 1997 the German Inditute for Drugs and Medicind Products informed al German
manufacturers of Ginkgo extracts and preparaions thet the amount of ginkgolic acid in al gingko
products has to be |ess than five parts per million., and thet if proof of such cannot be offered, the
regigtration for these products would be cancdled. (Herbagram 1997).

Since Europe isforging acommon legd framework for botanical products, these can be sold as drugs
with both labels and insarts. They can be legdly prescribed by doctors and most importantly, expenses
can be rembursed through various medica insurance plans. Such is not the case in Canada, where only
herbd laxatives can be partialy reimbursed.

The cogt of prescribed phytomedicines can dso be rembursed in France, but in the UK many
phytomedicinesarein a“Generd SdesLig” category and are sold as food supplements without the
posshility of reimbursement. Prescribed . John's Wort costs can be reimbursed in Germany (and is
sold dso over the counter), while in France it isavailable only asan OTC drug and asafood
supplement in the Netherlands. To harmonize these discrepancies, according to EU directive 65/65
soon dl phytomedicines will be trested as drugs and necessitate registrations based on efficacy and
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safety. ESCOP (the European Scientific Cooperative for Phytomedicines) will prepare European
monographs to be used as the foundation for regidrations of phytomedicinesin Europe.

When aphytomedicine is regigtered in one EU date, aregidration holder can gpply for recognition in
other EU member gates (which must respond within 90 days). In the case of an unresolved conflict, a
centrd EU agency, the Committee for Proprietary Medicind Products, will adjudicate and try to arrive
a adedson whichisbinding on dl EU members

Until this year German herba medicines could be sold in “gpothekes’, which dso sdl prescription
drugs in pharmadies which sdl over-the-counter products and in natura food stores. But Kommission
E was dishanded severd months ago, and in-coming EU regulations, as noted, may require that
botanical medicines either be treated the same way as chemica drugs or be sold exclusvely asa
“traditiondly-used” drug.

In Germany, asin other countries, pharmaceutical multinationas are forging adliances with botanical
medicine companies to participate in these trends. Bayer has collaborated with Zdler AG to market an
herba antidepressant dongside their chemica product and thus giving physcians the choice to prescribe
the mild botanicd or chemicd product. In addition during the past decade there have been more than
thirty acquistions by large pharmaceuticdl multinationds of  phytomedicine companies. For example
Johnson & Johnson purchased Wodm Pharma (Germany); Rhone Poulenc Rohrer bought Natterman;
SmithKline Bescham acquired Fink, and Boehringer Ingelheim bought the BC company Quest.

In addition to direct acquistions, some multinationd pharmaceutica's companies have taken to
marketing phytomedicines produced by smdler companies—for example Ciba Geigy sHisa
phytomedicine line cdled “Vaverde’ made by Zdler AG of Switzerland, and BASF dso HIs Zdler
products. Also Bodhringer Ingdlham, Lederle and Schering dl sdl phytomedicines produced by
Lichtwer Pharma

One sees the same acquigtion trends in the US, where botanical medicines are marketed as dietary
upplements and are not regulated as drugs. In North America herba medicines and nutraceutica's now
cary trusted brand names and have moved into supermarkets, mass retall chains and druggtores. In
April 1998 Cdedtid Seasoningsintroduced aline of 17 herbd supplementsincluding a . John's Wort-
based product caled “Mood Mender”. American Home Productsis Smilarly about to rease aline of
products blending vitamins and herbs, and Bayer, producer of One-a-Day brand vitamins and minerds
isabout to rdlease agmilar line. Wa-Mart dready sdls herbd-vitamin blends near itsin-store
pharmacies under the “ Soring Vdley” name.

When bhig pharmaceutical companies are not acquiring manufacturers of herba supplements, they are
fighting them. For example, thereis currently a court case in the US between the FDA ard Pharmanex
Inc., amanufacturer of aproduct caled Choledtin, which is sold as an herbd supplement in Wa-Mart.
The FDA and Merck & Company want to ban it because it contains anaturd form of akey ingredient
in a cholesteral-lowering drug mede by Merdk called Mevacor.

Inthe US the Dietary Supplement Hedlth and Education Act of 1994 essentialy cregted the indusiry of
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nutraceuticals. Before thet time there were only three food and drug categories — foods, dietary
supplements and pharmaceuticads. Nutraceuticals in thislaw fdl between digtary supplements and
pharmaceuticals, and manufacturers are now alowed to make limited label damsto differentiate them
from ordinary nutritiond products. Under this Act, each FDA-regulated nutraceuticd product fdlsinto a
particular regulatory dass, and ahigher dassfication merits more latitude in the Satement of product
benefits.

In the meantime since most herba preparationsin the US are Hill sold as digtary supplements,
producers do not have to finance expengve research proving ther products safe and effective, but a
the same time they cannot make claims about cures. There is awidespread Split of opinion in the US
and Canada about regulaion, with some favouring the German modd with government-sponsored
research providing the support for heglth daims on product labels and others opposing “ government
interference’. However it might be daimed that the botanica products manufacturersin the US have
meade no Sgnificant industry-driven moves to guarantee the purity or qudity of their products. Most
Canadian and US companies do not have their own standardization and control programs to identify the
levels and purity of herbd ingredientsin their products, Many North American manufacturers purchese
only lowest-priced ingredients from Chinaand other countries and acoept dubious certificates of
andyssfrom suppliers asthe sole proof of qudity.

Phar maceuticals From Plants

There are two essentia gpproaches to drug discovery —make them yoursdf or borrow from nature. —in
other words rationd drug design in laboratories by techniques such as combinatorid chemigry or
looking for modes from nature through screening of wildlands based faunaand flora. In both
gpproaches a sophigticated technologica capacity is required.

Therearedso basicdly three ways raw faunaand flora can provide new medicines, preventative
hedlthcare tonics, pesticides, fungicides or other products —they may be sold as dried or raw materid,
asextracts of various degrees of refinement or they may provide molecular modds upon which to
synthesize new drugs. (Mot plant-derived drugs cannot be commercidly synthesized). These ways
indicate different segments of the BC indudtry involved with medicines from plants—various wildcrafters
collect avariety of dried flora (a least 40 species) which are sold amost exdusively into US markets,
and there are an increasing number of amall pharmaceuticd firms seeking to make drugs from BC florg,
which they have often identified through reviewing the ethnobotanicd literature — the sudy of what fauna
and floraindigenous peoples use.

With bioprospecting, there are severd waysto search for bioactive ingredients in fauna and flora—
randomly, taxonomically (looking for plants in the same genus of aspecies known to contain certain
active medicind ingredients) or ethnobotanically (searching in only those plants and extracts
treditiondly used for medicina purposes for hundreds of yeers by firg nations). Another way is cdled
ecological searching. One might, for example, observe leaves on the forest floor which do not decay
and observe which insects lay eggs on it, andyze these eggs and find anew fungicide.

What we term “traditiona use’ by indigenous peoples should actudly be caled prescreening, because
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thisis precisdy whit firg nations have done over centuries, if not millennia, intesting medicind plant
preparaions on themselves —this process has involved identification, preparations and removd of toxins,
modifications, correlation of dosages with specific types of illnesses, and so forth. Through precise
observation and human experimentation, first nations learned which plants and which partsto edt as
medicines, and the optimal conditions for harvegting them.

When pharmaceutica companies search ethnobotanicaly (either by questioning eders or through review
of the ethnobotanicd literature), make, patent and sell products based on this knowledge with no
compensations going to firgt nations, they are gppropriating and using this knowledge in the same way
people use pirated computer software. The fact that this knowledge has passed into the public doman
through the publications of ethnobotanists and othersisirrdevant to thelega dam of proprigtary fird
nations rightsin traditiona knowledge. These maters are taken up in the policy sections.

In random searching, the probability of discovering acommerdidly useful medicine from neturd
substancesis about one in four million, and the entire pracess from searching to getting a drug through
FDA or HPB approva in the US or Canada respectively may cost up to US $300 million and take ten
yeas. Butif atraditiona medicind or hedth mixture is sold as afood supplement or nutraceuticd, it
does not have to go through such regulatory hurdiesin many countries. (Thisissue pertainsto how BC
industry can maximize revenues from foret- based medicines and nutraceuticals and is taken up in the
policy sections).

Thisrate of randomly discovering a new commercid medicine is based on the fallowing cadculaions if a
sampleisrandomly chosen, it has a chance of around one in one thousand to survive the first screening
for agpecific gpplication. Of such hits, less than three percent will pass the testing for effectiveness and
uniqueness and thus become a“lead”. Only ten percent of dl leads become candidate products, and of
these only about fifteen percent eventudly become commercid products.

It may take seven years for asample to gain candidate gatus and another four to seven yearsto
become acommercid product.

However with ethnobotanica searching, the probability of finding a bioactive compound which might (or
might not) be medicaly ussful, is about one in ten Snce the seerch domain is restricted to meteria which
has been pre screened and tested by indigenous peoples. Neverthel ess, the automated rapid
screening technologies discussed in the next sections, which can facilitate the screening of tens of
thousands of samples daily, will soon be cheaper than asking locals. When this happens, the large
pharmaceutical companies which scrutinize natural products will cease ethnobotanical searches
and return to random screening of everything.

Ethnobotanists and ethnopharmacol ogists are dso usLAly more interested in the entire chemica
dructure of the plant materids, which may actudly yield the therapeutic effects, while random or
taxonomic searches by pharmaceutical companies have concentrated on isolaing asingle active
compound whose mechanisms may be understood with respect to a specific disease or pathology.
The stientific merits of such herba remediesisa subject of continuing controversy. However from an
€conomic perspective, it does not matter whether they work or not aslong as people beieve that they
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work and buy them.

In any case, the srategy of new drug deve opment based on leads from traditiona sources (first
netion’s or Chinese herbs, say) has sometimesworked sinceit isguided by along history of dinica
practice. To give three brief examples, Huperzia selago (Fr Clubmoss) was traditiondly used in bath
the pharmacopoeia of BC firgt nations and in traditiond Chinese medicine. Huperzine A, an dkdoid
isolated from leaves of the Chinese Huperzia species, is currently one of the mogt promising drugs for
testing memory and learning lossin Alzhemer’ s patients and has been recently patented by the Chinese
(S Borman 1993). Clinicd tridsin the US indicate thet huperzine is consderably lesstoxic and more
effective then tacring, one of the few drugs currently gpproved by the FDA for Alzheimer’'s

In another case, the root of avine cdled Radix pucrariae, used for centuriesin treditiond Chinese
medicine (and regularly consumed as afood) to treat acohol abuse, was found to contain a substance
cdled daidzin which suppresses the craving for dcohal in animas. (W.M. Keung et al. [995). Findly S.
Lee-Huang and her colleagues a New Y ork School of Medicine (1995) have isolated a protein, MAP
30, from another traditiond Chinese medicing, bitter melon, and found that it had multiple anti-HIV
effects (The MAP proten is adle to inhibit HIV -1 integrase, one of the enzymes responsble for the
virus s gene expresson). Thissort of activity is unique among anti-HIV agents and the devel opment of
integrase inhibitorsis being vigoroudy pursued.

Indl of these examples, dthough Western researchers sought and found single active substances, the
source materid was traditiondly consumed as afood or nutraceutica (herba preventative), and dl three
agents were identified through ethnobotanica searching.

For mogt pharmaceuticd multinationds, the search for plant-derived medicines sl comprisesatiny
proportion of their entire budget. For examplein the much-discussed agreement between Merck and
Co. Inc. and Codta Ricd s Nationd Indtitute of Biodiversity, in which the latter organization screened
plants, soil organisms and insects for bioectivity and made these avalable to Merck on ablind basis,
only US# million wes paid in up front costs and an undisclosed but smal portion of roydties on
resulting commercid products

One reason big companies have shied avay from herbasis that the effects of such plant mixtures are
often probably synergidic (result from the combination of severd ingredients) and because of thisthe
FDA will not license them. Western companies generdly will not look for amixture which hes
therapeutic effects because it cannot patent it. A related problem isthat the herba products indusiry hes
scant incentive to perform research since raw herba products cannot be patented. The economic rate of
return on private research investment is generdly greater than that of government research, and the
province should therefore investigate and devise botanica research incentives which addressthis
problem. These matters are taken up in Part |1.

In spite of thisfact, many pharmaceutical and biotech companies continue to scour the forests of the
world for new plant-based leads. Of the 120 or so main prescription drugs currently in use today (arisng
from only 90 plant species), an estimated 75% were located through ethnobotanical knowledge or
folkloredams
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Underlying Production Technologies

Natural Products Chemistry

Bioprospecting is the sysematic search for new applications of biologica species. Firg collectors gather
samples of biologicd materidsin the field. Extracts are removed from these samples with solvents and
then screened for medicind effects A very promising extract with pharmeceutical gpplications will be
then partidly purified and given a crude check for its chemical novelty (“dereplicated’). Active
principles of the extract are then purified, dereplicated again and isolated, and extract sructure
determined. Such “leads’ are conseguently tested to determine the scientific basis for their activity,
modified chemicaly to improve effectiveness and reduce toxicity and in the end given an extensve
battery of testsfor safety and effectiveness before being placed on the world pharmaceutical markets.
Thefollowing discusson describes this process in more detall.

Preparation of Extracts

An extract is a solution produced by soaking dried plant or anima materid in an gppropriate solvent
under controlled conditions. Such extracts are the raw materid of bioprogpecting. For asampleto be
useful, its place of origin must be described so additiond samples may be obtained when necessary.

The vaue of the sample to the prospecting client increasesiif it is accompanied by taxonomic or
ecologica dues concerning the identity of secondary metabalites (chemicas) which the source organism
produces, or even more vauable, by ethnobotanicad knowledge about traditiond use. InBIO in Cogta
Ricain its collaboration with Merck and other companies has used arandom screening Strategy sSince
they produce alarge number of samples wdl- categorized in terms of ecology and taxonomy but which
are chemicdly unpurified mixtures, This drategy is possible only because of recent technological
innovations which make massinitia screening for new medicind gpplications inexpensive and rapid.

These rapid screens rely on low-cost, computer-automeated bioassays which mimic reguired
pharmaceuticd properties. Such bioassays can diminate most of the samples and dlow oneto focuson
the smdl minority which have actua progpects for commercid success. (The downsideisthat such rgpid
computer-automeated bioassays will diminate samples active in the spedific goplication but which work
on principles different from the specific one embedded in the bicassay).

Receptors are proteins which alow hormones or drugs moving in the bloodstream to recognize they
have reached their target organ. In anorma screen, one wishes to determine whether any component of
the extract inhibits a specific enzyme reaction or ataches itsdf to areceptor molecule which actsasa
proxy for the organ being sudied. Any molecule which will not bind to a receptor protein of a specific
organ generdly will not have apharmaceuticd effect on the organ.

Specific bioassays are chosen in terms of the commercia objectives of the company, and alabinalarge
pharmaceutica firm will often use|0-40 screens, each one directed toward a different commercid
objective. As new screens emerge from research and the firm's commercid objectives evolve, this
gamut of bioassays may change yearly. A hit is confirmed by conducting a bicassay on another portion
of thesample.



Fractionation and Crude Dereplication

Any confirmed hits from the rapid screening are then partidly purified or “fractionated” and then
subjected to further testing on animas and cells The emerging pettern of their responses to these further
tests is compared to known responses of alibrary of compounds. Such a crude dereplication prevents
researchers from spending time and money in characterizing a compound which will probably resemble
wdl-known molecules.

Purification and Characterization

Surviving “ dereplicated hits’” have il not been fully chemicaly characterized or purified. A company
mus dill determineif the hits economicaly merit further investment necessary for purification and
chemicd characterization of the active principle molecule(s). A dereplicated, purified and fully
chemicdly-characterized hit is cled a“lead’. Computer-automated enzyme and receptor screening,
then, involves the computer automeation of some of the above processes, but thereisredly no
satisfactory computer- automated screening procedures for antivird compounds (Jm Hudson, persond
communicetion).

Product Development

At this stage the company identifies the mechanism(s) of pharmacologicd effects which were observed
in the screening process together with any toxicologica characteristics More and extensive animal tests
are conducted for sefety and effectiveness and chemica modifications are usudly introduced to increase
the effectiveness of ddivery. The company then atempts to synthesize the active ingredient(s) or
guarantee reliable supplies of the source substance. Humen testing begins and if the drug isto be sold in
the US, such tests must be done in accordance with rigorous regul ations specified by the US Food and
Drug Adminigration.

Institutional Models for Bioprospecting

The wdl-known collaboration between Coda Rica s Indtitute of Biodiversity (InBio) and Merck & Co.
isnow not the only modd for bioprospectng. (Merck paid an up-front fee for access to samples plus
roydties on saes). In another case, Andes Pharmaceutica of Washington, DC, has been negotiating
with the government of Colombiato accessrightsto that country’ s biodiversity. Andesis planning to set
up anetwork of laboratoriesin Colombiato carry out proprietary screening for cancer. Colombia
would get no feesfor providing access but would receive royaty payments when one of its species
becomes a commercia success.

In another case, Audrdia s Department of Conservation and Land Management has put out acal for
proposals from companies interested in Screening samplesinits library of plant extracts, has
commissioned the collecting and processing of further extracts and has established a screening fadility in
Western Autrdia

Combinatorial Chemistry

An dternative to the natural products testing described above is caled combinatorial chemistry, the
deve opment of which is depressing the current prices paid for faund and flora extracts throughout the

35



world.

Combinatoria chemidry involves reacting some known molecule with many other chemicas to produce
amixture of plant-based derivatives with potentid bioactivity. Combinatorid techniques gpply the
principles of pardld processing to medicina chemigtry and shift the laboratory design of new
compounds from one molecule & atime to the automation of parald synthesis. Beginning with one
useful or promising compound or molecule, companies are using robotic techniques to derive hundreds
of thousands of chemicd variations of that lead. The consequent chemicd diversity increasesthe
probability that new compounds will reect with atarget such as a disease-causng molecule.
Combinatorid techniques have resulted in new methods for the random synthesis of large numbers of
different polymers for agiven sat of monomers. One variant of these methods provides “ built-in
locators’ which fadilitate hits being eesly extracted from any heterogeneous screening mixture.

Big drug firms have been buying combinatorid companies— Lilly purchasad Sphinx Pharmeceuticals for
US $72 million. Dow bought Sdlectide Corp. and Glaxo Wellcome Inc purchesed Affymax for
US$E33 million. (Glaxo is dso searching in the wildlands of Adafor plant - based anti-inflammeatory
drugs). Mogt other large pharmaceutical firms have created in-house combinatorid chemidry efforts
Combinatoria chemistry was created about a decade ago when a startup drug discovery firmin San
Diego, Affymax NV, used the technique to create libraries of basic protein-like molecules.

During the firg hdf of the nineties, this new technology resulted in pharmaceutical companies shifting
away from the traditiona compound development method described above, and refocusing ther drug-
screening efforts awvay from naturd products screening. SmithKline, for example, in the past had alarge
program for testing thousands of microbid extracts, plants and marine organisms, but is decreasng
program investment and shifting toward the new techniques.

One of the main problems with plant collection and extraction procedures is thet they are labour-
intensve and expengve, and Since mogt organic molecules cannot be synthesized a chegp, commercid
levels of production, companies must continudly worry if the compound is accessble and retrievablein
uffident quantities

But in spite of the trend toward combinatorid chemidtry during the firgt half of the nineties, during the last
two years there have been dozens of smdl startup companies which are bioprospecting and screening
plant and microorganism based chemicas for thergpeutics effects. Perhaps the best known of these, the
US-based company Phytera, has been concentrating on vird and fungd infections, and neurologica and
heart diseases, and Vancouver - based Terragen has sought avariety of drugs from BC soil
microorganisms

Phytera has pioneered two techniques which will probably be adopted by the other sartups. Given the
high throughput automated screening techniques which can presently scan up to severd hundred
thousand compounds per week, aproblem in naturd products testing now is supplying of samplesfast
enough. Traditiondly thisinvolved the dow processing of entire plants ( drying and grinding them up,

and extracting component chemicas). Phyteraingtead works with severd thousand species of plant cdls
in test tubes, from which new promising samples can be grown. Plant samples from the wild can cost up
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to 100 times those produced from cdl cultures (Economigt 1998), and working with plant cells facilitates
the sacond technique —stressing the plant to coax it to produce chemicds it would not ordinarily
producein thewild, or if it were picked at the wrong time. Thus before condtituent chemicas are
extracted, plants are sometimes, baked , frozen, injected with hormones and subjected to extremes of
light and darkness. Thistechnique has paid off and one of Phyterd s products, an antifungd called
Sunillin was produced when aplant’s cd| cultures were infected with Aspergillus mould and Candida.
Phytera then used combinatorid techniques to devise severd thousand variants of the origind extract,
some as effective asthe origind but far lesstoxic.

Phyterais aso bioprospecting in the oceans, and using the same techniques as for plants, hasisolated a
new compound caled marinovir from a bacterium which dwdls in the oceans around Cdifornia, which

IS an effective ant-herpes drug. More importantly, both sunillin and marinovir work in different and new
ways from amilar drugsin their dasses with important implications for combating drug-resstant viruses.

The BC Pharmaceutical Industry

We were able to identify 22 firmsin BC's pharmaceutica indudtry.  In generd these firms produce
humean prescription drugs and human and veterinary non prescription drugs, vitamins and nutraceutical
upplements, vaccines and hormones.

The 1997 revenues of the 22 firms was gpproximately Can. $58 million, and they employed 930 people
last year. In terms of revenues thisindugtry is about the same Size a the present as BC'sflord greenery
Sector.

Thelargest employers were Stanley Pharmaceuticals, QLT Photothergpeutics, Inex Pharmaceuticals,
Quest Vitamins, StressGen Biatechnologies, and Stemcedl Technologies.

Of these 22 companies, about afifth have an in-house combinatoriad chemigtry cagpability (or accessvia
their heed office research fadility offshore) and seven are actively involved in naturd products discovery,
screening, dinica testing or production. If we include oceans-derived products, more than hdf of the
seven gartups are UBC spinoffs Examples of spinoffsincude Forbes MedkTech Inc., currently
researching and developing cholesterol-lowering drugs and nutraceuticas from by-products of the pulp
industry, which emerged from the work of UBC' s James Kutney; Phytogen, a producer of paclitaxd,
whose technology was developed in the UBC laboratories of Nell Towers, TerraGen, which evolved
from the work of Julian Davies of UBC's Department of Microbiology and Immunology, and Kineteck,
which came out of the laboratory work of Steve Pellech and his associates.

BC Public Research Effort

Asisthe case with BC'sbiocide indudry, the research effort here lies mainly in the public sector. In the
following sections, we prafile two such research groups.

A team a the BC Cancer Agency (BCCA) and the University of Victoriais actively seeking funding to

invedtigate pharmaceutica agents present in traditionaly used medicind plants and under- utilized tree
species bark. The BCCA'’s unigue screen would target traditiondly used medicind substances for
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varying types of seroid hormone activity which could then be utilized for avariety of diseasesinduding
rheumatism, cancer, acne and hair loss. They plan to screen plant extracts dso for anti-proliferative,
differentiation and chemopreventive agents to be used in both trestment and prevention of cancer.

The BC Cancer Agency has qudied severd naturd compounds for more than a decade which exert
effects through the aryl hydrocarbon and steroid receptors and which interfere with norma hormond
sgnding. This unigue screen was developed in the context of research on the role of environmentd
contaminants in progate cancer and they wish to use it to screen BC ndtive plants.

Sacondly agroup of UBC researchers are on the leading edge in the search for new medicind
compounds from naturd sources. For the padt fifteen years, J. Hudson, N. Towers and their colleagues
throughout the province have focused on medicind plants with anti-vird and antibecterid activity from
the tropics. The group has purified literdly hundreds of antivird and antibacteria molecules and these
researchers have developed nove bioassays for detecting antivird activity. (Hudson 1994, 1994a). Nell
Towers has published so many refereed aticlesin thisfied that even a partid listing would unduly
extend the reference section and has now turned his atention to the andyds of BC indigenous plants.

Although there has been sporadic work in BC on identifying and characterizing active phytochemicas, a
coordinated, methodica effort has never occurred, and most work conducted by BC scientists has
occurred with tropica species and has been funded by the Canadian Centre for Bacterid Diseases and
the Natural Sciences and Engineering Research Coundil.

BC Company Profiles

In the following sections, we profile four of the seven BC companies involved with pharmeceutica and
nutraceutical products derived initialy from indigenous wildiands substances. The prevaence of
companiesinvolved in someway with paclitaxd, initidly from the Pacific Yew, illusrateshow asngle
phytomedicind discovery can spawn an ertire web of companies. Many of these emerging biotech
companies make money through licenang therr initidly deveoped products to big pharmaceutica
companies, which are on the congtant lookout for new medicines for their developed markets. These
smdler biotech companies can innovate and finish initid product deve opment more effectivey than the
large pharmaceuticas but the former lack the financid and marketing dout to advance initidly-

deve oped products through the regulatory hurdles and to market them. Mogt of these emerging biotech
spinoffs show annud losses. Thisisto be expected during the firgt few years of their growth.

Unless otherwise specified, dl of the estimates for world and regiona markets and market growth for
individud drugs, drug classes or precursors are taken from these interviews with the companies. These
figures are continudly tracked and well known.

Forbes M edi- T ech. With eighteen core employees and amarket capitdization in excessof Can. $30
million, Forbes Medi-Tech isaVancouver-based biotechnology company developing preventative
hedlthcare and pharmaceutical products derived from forestry by-products. Forbes' core technology,
developed by James Kutney of UBC's Dept. of Chemistry and licensed in 1993, enables them to extract
aproprietary mixture of phytosterols from a pulp-and- paper industry by-product cdled tal ail. Phyto
(plant) gerals are naturdly occurring substances found in plants which are sructurdly smilar to
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cholesteral.

Although the company lost $454,397 for the six month period ending January 31, 1998, Forbesiswiddy
expected to turn a profit by 2000 and has entered the hypolipidemic (cholesteral-lowering) drug market
which has estimated worldwide 1997 sdes of approximately US$7 hillion (Forbes website) and an
annua growth rate of 10-12 percent.

Forbes has obtained excdusive worldwide commercid rights to products which may be derived or
deveoped from this technology in receipt for roydties of up to 1.5% of gross revenues for atwenty year
period. Typica of severd emerging biotechnology companies, Forbes has adopted avirtual corporate
structure, which meansthat dl R&D is done by outside assodiates, and they have managed to
sgnificantly reduce expenditures through forging research dliances with central R&D indtitutionsin
Canada— induding UBC, McGill Universty, and &. Paul’ sHospitd in Vancouver.

With their expertise in the area of phytogterols, Forbes has produced the cholesterol lowering drug
Cardiorex, (US market of US $7billion in1997) and a cholesterol -lowering food additive caled Phytrol
(US annud market of US $8 hillion). Other productsinclude the steroid precursors AD and ADD (US
9 billion annudly in the US market) and higher value steroid products such as Progesterone, estrogenic
hormones, and afemde contraceptive. (collectively esimated US annua market of US $2-4 hillion).

Forbes has recelved severd grants from the BC Science Council and the National Research Coundil
and has anumber of US and internationd patents pending on their technologies and drug formulaions,
in addition to trademark protection for Cardiorex and Phytrol. Phytosterols are awdll-developed, large
market, but Forbesis the only company whose proprietary phytosterol formulation has botha
nutraceutica use (Phytrol), and pharmaceutica use (Cardiorex).

In early 1998 the pharmaceutical giant Novartis paid Forbes for an exdusive option to aworldwide
license to ether use or sublicense Forbes plant-based gerol formulationsfor usein food and
nutraceutica products. Novartisis planning to conduct additiond dinicd trids on the formulationsin
addition to the dinicdl trid completed by Forbesin 1997.Novartis will incorporate the formulation into
margaring, mayonnaise and sdad oil. One dement of the Novartis Srategy isto more closdy link its
nutraceutica business with pharmaceuticas through such products

The Forbes phytogterols act mainly through preventing the absorption of cholesteral into the
bloodstream and can be added to any foods containing fat such as margarine, yoghurt, ice cream, salad
dressing, mayonnaise and such. If Phytral were targeted mainly as an ingredient in margarine it would be
tapping into aworldwide market of US $8 hillion annudly in the developed world done.

Both Cardiorex and Phytrol have quite smilar compaositions with repect to phytosterol content, but
Phytrol has been especidly formulated to be added to foods, while Cardiorex is a pharmaceutica under
study for cardiovascular problems. But both formulations have been found to lower the LDL plasma
(bad) cholegteral, and has been shown in animd testing to prevent and delay the development of
atherosderatic lesons Human trids a McGill Universty of personswith devated cholesterol leves
have yidded promising results, and Forbes has prepared an IND (Investigative New Drug) gpplication
to both the Canadian Hedlth Protection Branch and the US Food and Drug Adminigiration for gpprova
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to dart dinicd trids during 1998.

Severd researchers are trying to determine the mechanismsinvolved with Forbes phytosterol
formulation with respect to lipid- lowering properties, but the thergpeutic effects of (this essentidly
herbal) plant-based mixture may be complex and arise from a combination of ingredients and
biochemicd events. The formulation contains a pre-determined ratio of different types of phytogterols,
and when eaten, these compete with the absorption of dietary cholesterol and enteric bile cholesterol
resbsorption and possibly improve the chylomicron trangport.

Smilar to the dliance between Forbes and Norvartis, last year Johnson & Johnson purchased the
worldwide marketing rights to Benecol, ancther cholesterol reducing product of Raiso Group of
Finland. Benecol margarine has been available in Finland since 1995 and is produced from a phytosterol
derived from pine trees. Both companies are actively seeking new foods as carriers of their nutraceutical
ingredients. Clinica gudies published in the New England Journd of Medicine have indicated that if 25
grams of the Benecol margarine are consumed daily for sx months, the typical reduction of blood
cholegteral isaround 0% (NEIM website). Thisis|0 times the average consumption of plant-based
deralsin the typicd North American diet. The Benecol margarine will come onto the North American
mearket in the second half of 1998.

The so-cdled kraft processin BC's pulp and paper indusiry involves cooking wood chipswith an
akdi such as sodium hydroxide to obtain a high qudity pulpto mainly be used in the manufacture of
paper. Unfortunately this process yidds a high percentage of resdudsin the form of ablack liquid, and
crudetdl ail isone of the two main commercid by products extracted from this black liquid. Thetal ail
is separated from the water and extracted through skimming.

BC' s pulp and paper industry produces huge quantities of tal ail, the percentage of which dependson
the species and geographicd location of the forest from which the wood was taken. A typicd yied of
tal oil from aBC kraft mill might be around 50 kilograms per tonne of pulp in northern BC. Hardwoods
yidd smdl quantities of tal ail, while soruce or pine might typicaly yidd one hundred kilograms per
tonne of pulp. About 90% of the tal oil sogp has no commerdid vaue in crude form and is usudly
burned or dumped a cogt. The remaining 10% is usudly fractionated through vacuum didtillation with
about one million tonnes produced annualy worldwide and used in the production of sogp, pairt,
lacquers, and such.

Forbes became interested in tall oil mainly because it contains phytosterols such as b-stosterol which
can be used for the production of steroids otherwise produced from cholesteral. Forbes core
technology involves a cogt- effective method to extract phytosterols from tal oil and usethese as
inexpendve core materid to manufacture pharmaceutical seroids and lipid-lowering drugs.

A typicda Forbes phytosteral product is over 98% pure and comprises b-stosterol, campesterol and
stigmegterol. In the gastrointesting tract phytosterols compete with cholesterol for receptor sites and
therefore inhibit the uptake of the latter.

In addition, phytogterals, through well- devel oped fermentation techniques, can be transformed into
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androstenedione (AD) and androgtadienedione (ADD), which are essentid intermediaries for the
synthesis of pharmaceuticd steroids, and Forbes core technologies present acommercidly attractive
dternative process to yied such pharmaceuticas.

Both AD and ADD are central steroid pharmeaceutica intermediaries used in the manufacture of ord
contraceptives, anti-inflammeatories and hormones, and the choice of Serols asraw materid for the
manufacture of AD/ADD depends on market conditions and availability. Thus most North American b-
stogteral production is derived from soy by-products while non-vegetable sources are utilized in Japan.

The world market for AD/ADD exceeds USH.0 billion annudly, with around 98% of AD/ADD inthe
US being derived from soy bean and only around 2% from various sterols. However the technology and
cost advantages of Forbes are these: A Forbes proprietary Mycobacteriumstrain used in
bioconversion processes reportedly has superior cataytic and physologica functions than the
competition, (Searle, Schering and Upjohn), thus lowering overal production costs, and sterols from
soybeans mugt be at least 90% pure to remove substances which interfere with fermentation, while
gerolsfromtal oil have be only about 70% pure. Also it requires three separate extraction processes
to remove serols from soybeans while the Forbes process requires only asingle stage.

With respect to cog, akilogramme of 98% pure AD is currently priced at about US $150, and the
Forbes-derived source, tal oil costs only around US $100 per metric tonne (compared with soybean ol
which slIsin the range of US $400-500/tonne). Forbes products are therefore based on abundant and
compardively inexpengve garting materias. Forbes has made an indudtrid dliance with Sovakofarma,
a Sovakian public pharmaceuticd company to extract phytogterols from tal oil and with Antibiotic Co.
of Bulgariato transform the gerolsinto bulk AD/ADD.

Having trandformed their core AD/ADD technology to indudtrid partners, Forbes researchers have
been concentrating on other commercid opportunities within the area of pharmaceutical geroids—
incdluding norethindrone, a generic femde contraceptive. Pricing isabadc issuein this highly competitive
market, and Searle has entered the Canadian market through offering Salect, a contraceptive with
norethindrone at 60% the price of other ora contraceptives on the market.

Ninety percent of the lipid-lowering US drug market of US $6-8 hillion annudly is dominated by the
datin drug dasswhich inhibits a cruda enzyme in the biosynthesis of cholesteral. This market has
shown acompound annua growth rate of 12.4 percent during the last four years. This dass of drugs
demondrates toxicity during long term use. Such is not true of Forbes phytosterol formulation, which, in
addition to having lipid-lowering properties, may aso both inhibit and reduce atheroscleratic plaguein
blood vessdls. In this sense they have the superior product on the market.

TerraGen Diverdty Inc. emerged in 1996 from the West-Eagt Centre for Microbid Diversty. This
Centre itsdf was formed in 1994 as a collaborative research venture between the Univergty of British
Columbiaand the Nationdl Universty of Singapore. Potentia commerdid discoveries by this
collaboration led to the formation of TerraGen with financid support from venture capitd groupsin bath
countries.

Ther gpproximatdy thirty employeesindude deven Ph.D.s and Sixteen technicians, and the company
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itself occupies 12,000 square feet of lab space in the Gerdd McGavin building a UBC.
TerraGen'sinvegtorsin their 1997 private offering of Can. $10 million induded MDS Capitd Crop., SR
One Ltd. (SmithKline Beecham' s venture cgpita company), the Business Development Bank of
Canada and the Singapore company, Technology Deveopment Fund Pte. Ltd.

The exploitation of micro-organismsin the soil, lakes and rivers, ground water, oceans and sediment as
sources for new pharmaceuticals, bioremediation processes and industrid chemicas hasjust begun, with
lessthan | percent of al microbes being even identified. Thisis partially because the remaining 99
percent are difficult or impossble to cultivate under laboratory conditions.

Living organisms are good & producing bioactive molecules and for the past two decades, scientists
have had congderable success in isolating single genes from microbes and “expressng” them in yeedt or
mammdlian cdls Still, less than one percent of the millions of microbesin a handful of soil could be
cultivated in the laboratory. TerraGen discovered that fragments of DNA could be extracted from
uncultivable microbes and could be spliced into more amengble varieties of microbes to produce
proteins, enzymes and peptides, and this company represents the next generation of combinatoria
chemigtry nceit can extract large pieces of DNA from hitherto unexplored sources, engineer theseinto
surrogete fungd or bacterid hosts to produce new chemicas.

TerraGen has thus deve oped a unigue technology which diminates the need to isolate pure cultures
through eiminaing a need to grow microbes from the environment. Through techniques of
“combinatorid biology” they are able to isolate genetic materid from unknown microbes which are
difficult to cultivate and to dore their DNA into cultivable strains. Such “surrogate hosts” can be eesily
grown in the lab to fadilitate doning, screening and production of biochemicas which form the basis of
unique “smal molecule’ naturd products. Terragen has compiled libraries of DNA fragments over the
years from soil samplesin BC and around the world and has devel oped unique technology to extract
large (100 KB and greeter) DNA fragments from avariety of environmenta sources. Such is sgnificant
because the smdl molecules comprising secondary metabolites are often the products of “biosynthetic
pathways’ which contain many genes and can involve as many asthirty or forty enzymatic reaction
sages.

The company is dso one of the few to focus on the use of genetic materid in lichens, of which there are
in excess of 12,000 known species. Lichens are impossible to grow in the lab and thus until now they
have provided dmost no commercid uses. Lichens contain two or more organisms—afungusand a
cyanobacterium or an dga, or both. These component organisms engage in complex intracd lular
sgnding and through insarting DNA fragments from lichensinto funga hogts such as Aspergillis p.,
TeraGen is adle to screen for bioactive products produced by lichens such as protein kinase inhibitors
(chemicaswhich can be used to target the pathways of Sgnd transductors). Lichens thus have the
potentia to produce a gamut of new metabolites with pharmaceutica vaue,

TerraGen' s cgpacity to harvest the “ genome complement” of microbes is providing lead compounds
for further pharmaceutica development. Microbes from any environmenta source—deep seathermd
vents, lichens, or BC temperate forest soil, can be explored for nove genes. When necessary, specific
groups of microbes can be enriched to target specific sorts of pathways, and high molecular weight,
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highly purified DNA isextracted and comprisesthe entire “biosynthetic potentiad” of entire microbia
communities. Complex DNA pools or pecific genes are identified for the production of primary
libraries, which dlow TerraGen to permanently sore genetic information. Such libraries are then
trandferred into indudtrid microbid hosts where the genes are expressed, resulting in the production of
novel secondary chemicals and active enzymes.

In addition to their collaborative screening programs with their indudtrid partners, TerraGen dso
conducts in-house screening based on whole cdll assays to screen for antifungd and antimicrobid agents
in addition to sgnd transduction modulaiors.

TearaGen isadso planning to explait the full biochemica potentid of microbes to produce neturally-
occurring pesticides and herbicides viadirect accessto DNA from microbe populations and novel
genes which encode ussful enzyme characterigtics, and the flexibility of surrogate hogtswill alow
TerraGen to produce a variety of enzymes and molecules with varying physical characterigtics (such as
sengtivity of heat and cold or acid/base resstance) for use in industria processes and in bioremediation.

In December 1997, TerraGen scientigsreported in Antimicrobial Agents and Chemotherapy (1997)
that disease-carrying bacteria can develop resistance to antibicotics without ever having been exposad to
the drugs. Recently some bacteria s resistance to antibiotics has become aworldwide problem and until
now it was commonly believed thet actud resistance occurred only when the bacteria was exposed to
antibicticsin humans or animas and deve oped genetic mutations. But the TerraGen team reported the
discovery of microbes with resstance to fluoroquinolone “due in part to naturd DNA sequence
vaiaion.” Thusdl of thar soil-cultivated microbes had not been previoudy exposed to
fluoroquinolone, and an andysis of the bacterid s genetic Sructure reveded a highly variable gene cdled
gyrA. The team speculaesthat netura variationsin this gene present the becteriaa” coincidentdl
ressance’ to fluoroquinolone and that the methodical genetic andlysis of bacteriawill become a
vauable sdentific toal “in predicting mechanisms of bacterid resstance”

Since 1995, Terragen has been collaborating with researchers a BC Research Inc. in an FRBC-
supported project to characterize the microbia biodiversity in BC forest soils and to learn how these
vary under different timber cutting practices (Axerood 1996). The biodiveraty of bacterid soil
communitiesis largdy uncharacterized and it is estimated thet |ess than one percent of the totd soil
population is cultivable. This team has used molecular goproaches to characterize cultivable and
uncultivable bacterid diveraty in surface organic matter, mineral soil and lodgepole pine rhizosphere soil
samples from treatment plots representing operationa forest practices from the BC Minigtry of Forests
Long- Term Soil Productivity stesin Williams Lake, Smithers and Prince George, BC.

To generate revenues, TerraGen has created large polygenomic libraries in surrogate hosts and enters
into collaborative agreements with big pharmaceutica and biotech companies throughout the world to
screen TerraGen' s libraries for bioactive compounds, Sgning one such agreement with Schering-Plough
a the end of 1998. Terragen recaves finandd returnsin the form of licenang and milestone fees and
roydty payments. Terragen does not release financid data.

Angiotech Pharmaceuticals, Inc., snceits sart in 1992, has been engaged in developing and



commercidizing new trestments for chronic inflammeatory diseases and has crested a unique
reformulation of the anti-tumour drug peditaxd (first derived from the Pacific Yew tree) for new uses
such asrestenog’s, rheumatoid arthritis, multiple sclerogs, psoriass, surgica adhesions, inflammeatory
bowe disease and neovascular diseases of the eye. The estimated world market for paditaxd
formulationsin 1997 was US$ 941 miillion.

Angiotech'sR& D activities, capita and operating expenditures and technology acquisitions have been
funded mainly through private and public equity offerings, and in July 1997, the company entered into an
exdugve licenang agreement with two leading internationd manufacturers and digtributors of medicd
devicesfor worldwide rights to develop and market paclitaxek coated stents. The company has
edtimated that the agreement (equity investments, roydties and milestone payments) has atotd vaue of
around Can. $32 million. Angiotech had anet lossin 1997 of Can. $5.9 million.

Angiotech’s lab and adminidretive offices are Stuated in the Research Station Building of UBC and the
company’ swork force of thirty five persons includes fifteen who hold advanced degreesin busnessand
stience and eight Ph.D.s. Of the total workforce, twenty employees are engaged in R& D, and the
company hasfiled over thirty Investigationa New Drug Applications with the US FDA and taken five
pharmaceuticas through to product licensing applications.

Angiotech’s basic technology came from adiscovery of hitherto unrecognized mechanisms of action of
peclitaxd -- that it isastrong inhibitor of angiogeness and other procesesinvolved in deveoping
chronic inflammation. It is thought thet paditaxd has an ability to inhibit akey regulaor, AP-1, of
various genes, induding those involved in tissue destruction and cytokines associated with chronic
inflammation. Angiotech’s scientists believe that paclitaxel operates through preventing AP-1 from
initiating gene transcription characteritic in the progression of severd degenerdtive and inflammeation
diseases.

It isthought thet paditaxd inhibits chronic inflammation through inhibiting the activity of white biood
cdlsinvolved in initiating inflammation; reducing the production of enzymes which permanently damage
tissue; and inhibiting the growth of blood vessals which sarvice damaged tissue.

The other component of Angiotech’stechnology involves using “polymeric carriers’ for drug ddlivery
vehicles and the company produces a polymeric formulation of peclitaxdl.

Having identified the ahility of paditaxd to act as an effective agent in chronic inflammeatory diseeses, the
company produced a paditaxe formulaion without the alergenic additive, Cremaophor EL, normdly in
Taxal formulations.

Rheumatoid arthritisis a progressve, chronic inflammatory disease affecting two percent of the world's
population. Thereis agreaier mortdity rate with advanced rheumatoid arthritis than there is for many
forms of cancer. The annua work market for antirheumatic agents (againg rheumatoid arthritis) is
estimated to be US $600 million and isgrowing a an annud rate of 14.5%. Anti-cancer drugs (mainly
methotrexate) are currently the main thergpy for the mgority of rheumatoid arthritis patients, but
Angiotech believes that this market offers magor opportunities for its products. In various reseerch



collaborations, their scientists have found that padlitaxd impairs severd processesinvolved in the
progression of rheumatoid arthritis and that it can prevent some forms of joint damage.

Angiotech has dso demondrated that padlitaxd can be an effective treetment of multiple sclerogs. MS
isthe mog prevadent form of neutrd inflammeatory disease and affects 400,000- 500,000 personsin
North America The causes of MS are unknown but it is thought to be an auto-immune diseese. Like
rheumatoid arthritis MSis characterized by inflammetory white blood cdl infiltration, ingppropriste
proliferation of cells and secondary tissue destruction after enzyme rdlease— al of which pedlitaxd may
inhibit. The estimated 1997 world market for MS preparationsis US $730 million.

The leading medications for MS, costing around US $10,000/year, are Avonex, arecombinant human
betainterferon marketed by Biogen and Betaseron, asmilar product of Berlex Laboratories, Inc. and a
product marketed by Teva Marion Partners. However Angiotech’s collaborative reseerch with UCLA
partners examined padlitaxd’ s ability to inhibit MS symptoms in transgenic mice and found thet those
trested with paclitaxe a the beginning of disease symptoms remained stable and in remission during the
experimentd period. Thar data suggests that padlitaxd’ sinhibitory effectson M S arise through
decreasing the proliferation of astrocytes (which are involved in demydingtion in MS). Angiotech is
currently conducting collaborative dinicd trids with highly reputable inditutions throughout the world of
the effects of padlitaxd on MS and rheumatoid arthritis patients.

Phytogen Life Sciences Inc. isamanufacturer and supplier of high qudity paditaxd. This company
was founded in 1990 to develop and manufacture pharmaceuticas derived from natural sources and to
date has developed an efficient, commercid scde production process for paclitaxd, extracted from the
Pacific yew tree. Snceitsinception Phytogen has financed its operations mainly through debt financing,
private equity issues and tax credits. Upon completion of their current offering, the company will have a
capitdization of Can. $20,612,144. Phytogen's basic technology platform was conceived and
developed by Neil Towersat his UBC laboratories.

Pedlitaxd is aurrently gpproved in over Sxty countriesto treat ovarian and breast cancer, and asit
proves effective in other forms of diseases such as nonramdl cdl lung cancer and AlDs-rlated
Kapos's sarcoma, demand is growing and this year sdes will probably exceed US $ billion. BMS
held the exdusve US rights to manufacture paclitaxel until December 1997, and since these rights have
expired, Phytogen is attempting to become aleading world supplier. Phytogen isthe only Canadian
company which has submitted Drug Magter Files for paclitaxd production with the FDA and the HPB.

With twenty five employees, Phiytogen has a 22,000 square feet manufacturing facility on Annacis Idand
and through agreements with forestry companies and commercid growers has ensured along term
upply of raw yew materids. Much of ther raw materiasis sourced from contract growersin China

They seetwo markets, the traditiond pharmaceutical manufacturers which have a high current demand
for padlitaxd, and the emerging herbad medicineg/nutraceutical manufacturers. Phytogen can currently
annualy produce up to Sixty kilograms of paditaxd with an estimated current market price per trestment
of US$4,500, or an annud vaue of US $270 million.
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The company’s Annacis production fadility is run in accordance with the US regulatory requirements
cdled Good Manufacturing Practices for pharmaceuticds and in June 1998, Phytogen completed its pre
goprova production ingpection by the US FDA and the Canadian Hedlth Protection Branch. Both
agencies have subsequently gpproved Phytogen as a producer of paditaxd which isin compliance with
GMP guiddines.

Although predominately amanufacturer of paclitaxd for the generic short term markets, Phytogen
continues to conduct new product searches of possible phytopharmaceuticalsingredients and is
concentrating on traditiond Chinese medicine. They are dso anticipating filing a US patent gpplication
for anove method of producing etoposide. This substance, widdly used to treat venered warts and
tedticular cancer, is derived from  podophyllotoxin found in Podophyllum peltatum, which growsin
eastern Canada but not in BC.

Phytogen has forged two sgnificant peclitaxd strategic license and supply agreements with Mylan
Pharmeceuticas, Inc in the US (market capitdization of US $3.9 hillion) and Sinphar Pharmaceutica
Co. Ltd. of Tawan. Mylan anticipates gaining regulatory gpprova to market generic paclitaxel products
inthe US, Mexico and Canada by 1999 and will source Phytogen' s bulk paciitaxe for find dosage
formulaion. Mylan and Sinphar will pay Phytogen fifty percent of al net profits from their sdes of find
dosage padlitaxed after deducting certain of eech parties costs, and Mylan and Sinphar has agreed to
purchase paclitaxd excdusvely from Phytogen and arein turn respongible for product formulation,
regigtration and digtribution.

Through its experience in the manufacture of high qudity paditaxd, Phytogen iswell-placed to
manufacture and supply other naturd ingredients to herba medicine and nutraceutical manufacturers,
whose production techniques will soon require pharmaceutica grade qudity. If itslong term
consumption does not prove harmful, one can imagine, for example an herbal botanical formulae sold
with peditaxd init.

Building on its core competence in producing low cost padlitaxdl and etoposide in regulated
pharmaceuticd markets to generate short term revenues, Phytogen is dso poised to satisfy the growing
demand of the phytopharmaceutica sectors for contract manufacturing services.

Given their growth and employment potentid, dl of these companies merit Sgnificant provindd
government support in the form of tax/fiscal incentives and programs, which until now have been limited
to the discovery/research phase of drug development. These matters are examined in the policy sections
of Part I1.

Ethnobotanical Cluesfor BC Medicines and Nutraceuticals

Summary

Thefirs comprehengve laboratory screening of British Columbian medicina plants used by firg nations
peoples occurred in the early ningties when McCutcheon (1992) and others a the University of British
Columbia began screening 96 plants traditionally used for antibiatic activity. (The vast mgority of
medicind plants usad by BC firg nations belong to the Angiospermae and Gymnospermiae, and in spite
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of thefact that BC hasarich biodiversty of fungi and mosses dueto its climete, few of these plants
were utilized by firg nations as medicines).

Fantstraditiondly used medicindly by BC firgt nations were sdected from the ethnobotanica
publications of Nancy Turner and screened againgt eeven bacterid drains. Eighty five of the assayed
extracts had sgnificant antibictic activity againgt two or more bacteria strains. Plants were categorized
according to traditiond useinto Sx groups. potentid antibictic, generd tonic, unspecified medicing, non
antibictic medicine, and two non-medicing categories. Ninety five percent of the plants categorized as
potentia antibiotics according to traditiond use, exhibited sgnificant antibiotic activity, and seventy five
percent of these were found to be active againg methicillin-resstant Saphyl ococcus aureus. Extracts
with the widest spectraof activity were Alnus rubra bark and catkins, Fragaria chiloensis leaves,
Moneses uniflora agrid parts, and the branches of Rhus glabra. Nine plant extracts were aso found to
be effective againg K. pneumoniae, S. marcescens, and P. aeruginosa —d| of which areresstant to
current antibiotic therapy.

In more recent work, including her unpublished doctord dissartation (1996), M cCutcheon screened a
hundred methanal plant extracts for antibiotic activity againg Mycobacteriumtuberculosis and
Mycobacterium avium Sixteen extracts of plants traditionaly used by BC firgt nations (and again
identified through three ethnobotanica works of Nancy Turner (1974, 1980, 1990) for the trestment of
tuberculosis exhibited antibiotic activity, and extracts from Heracleum maximum (Umbelliferae)
roots, Moneses uniflora (Ericaceae) aerid parts, and theinner bark of Oplopanax horridus
completely inhibited the growth of both organisms. The growth of both organisms was dso completey
inhibited by Alnus rubra and catkins, Empetrum nitgrum branches, Glehnia littoralisroots and
Lomatium dissectumroots.

Three of the extracts with the greatest activity against mycobacteriawere dl members of the same
family: Umbdliferae thesewere G. littoralis, L. dissectum, and H. maximum. Intotal, approximately
onethird of traditiond firg nations TB medicines assayed exhibitedin vitro antimycobacterid activity,
and dthoughin vitro activity does not necessaxily indicate in vivo effectiveness, these researchers are
continuing to determine if equivadent results can be obtained from cdlular assays

Thiswork is sgnificant Snce TB is dtill the leading infectious killer throughout the world with about three
million deaths annudly, mog of which are in the deveoping world. At the same time theincidence of TB
in Europe and Nath Americais again increasing. Both Mycobacterium tuberculosis, and M. avium
cause disease expedidly in immuno-compromised hogts such as AIDS patients. (Forty percent of dl
cases of HIV are co-infected with M. tuberculosis, and TB is thus the main opportunidtic infection of
AIDS patients throughout the world.) As noted severd trestments have developed naturad resstance to
the commonly used antimycobecterid drugs. (Some strains of TB are now resstant to seven of the most
effective drugs avallable). At the same time the incidence of TB among Canadian firg nations peoplesis
more than ten times higher than in the generd population (Y oung and Casson, 1988), and thereisa
pressing need for effective, new antimycobacterid drugsfor people with these bacterid infections.
Although there are literdly hundreds of references throughout the ethnobotanicd literature on firgt
nations TB trestments, dmaost none of these until now have been assayed for antimycobecterid activity.
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In other instances of conrpounds isolated from treditiond firg nations medicind plants, H. Masuura et
al. (1996) found sgnificant antibacteria and antifunga properties of polyyne compounds from Glehnia
littoralis spp. lelocarpa. This perennid herb which grows on sandy BC beacheswas used by the
Hadafor the treetment of bladder infections and other aillments (Nancy Turner, persond
communication). Masuuraet al. (1996a) have dso identified an antibacteria thiophene from

Balsamor hiza sagittata.

Antimycobacterid polyynes of Devil’s Club (Oplopanax horridus) have dso been examined by M.
Kobaisy et al. (1997), who isolated two new polyynes with sgnificant anti-Candida, antibacterid and
antimyoobecterid activity, induding the ability to kill Mycobacterium tuber cul osisresstant srains of
Mycobacterium aviumat 10 microgram/disk in adisk diffuson assay. Devil’s Club was traditiondly
used by dmogt dl BC firg nations peoples againgt awide range of afflictions such as digbetes,
rheumatism, colds, heedaches, TB and lung haemorrhages

Searching for TB thergpeutics is much more dangerous than most antibiotic development programs,
ancethe arborne TB pathogens are S0 virulent that specid containment facilities and procedures must
be used, and other bacteria genera cannot subgtitute for antimycobacterid screenings since the waxy
coat which renders Mycobacterium impervious to being destroyed by white blood cells, dso actsas an
impenetrable barrier to many antibiotics. (McCutcheon et al. 1997).Any red leads therefore are of
vaue

In addition to the above researchers, saverd other BC academics, and their colleagues at other
univergties, asprevioudy discussed arein the vanguard of the seerch for new pharmaceuticd agents
from both tropicad and BC wildlands sources. For example, Robert Hancock and Neil Towers (UBC),
funded by the Canadian Bacterid Diseases Network, have aso been characterizing medicind plants
used by BC firg nations peoples for anti-fungd and anti- bacterid activities and a second group of plants
for anti-tuberculosis, anti-vird, anti- protease, anti-virulence-factor secretion and immune-enhanding
activities (Towerset al. in press). James Hudson and Nell Towers, as noted, have an on-going project
screening anti-vird plants from tropica areas, and this group has developed severd new techniques of
bioassays for detecting compounds with anti-vird activities. Geeta Saxena et al. (1996) recently isolated
anew antibiatic, Chlorochimaphilin, from Moneses uniflora, another firg nations cough medicine
traditionaly used by the Thompson as recorded by N. Turner.

Mog sgnificantly the UBC group is exploring the hypothesis thet the benefits of some medicind plant
extracts arise from additional compounds aside from those with direct arti-vird activity. Such
compounds may represent “indirect” anti-vird activities and are mediated by the actions of cytokines
(active molecules which control immune responses) (N. Towers persond communication). The
importance of thiswork arises from arecent research hypothesis that there exists a*“ cytokine network”
which must be in balance for proper resstance to infecting agents. It has been found that many viruses
dter the levels of certain cytokines, thus decreasing the host responses and leading to chronic infection.
Assuming thet certain phytochemicas might work through retoring this * cytokine baance’, both plant
extracts and extracted bioactive compounds are being assayed for their effect on cytokine gene
expression. This group of UBC researchers, which is consdered to be a Canadian nationd treasure by
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authorities and the private sector in mogt countries, has difficulties in obtaining funds domedticaly.

A Methodical Screening

In spite of above research, by the mid-nineties, only atiny percentage of traditionaly used North
American medicind and nutraceutical plants had been screened by modern science. Thistiny percentage
concentrated dmogt entirely on anti- cancer agents and three emerged — etoposde from Podophyllum
peltatum (Mayapple), taxol from Taxus brevifolia, and betulinic acid from Betula alba (birch tree).
A teamade from Taxus brevifolia was widdly consumed by BC first nations peoples as both a
medicine when sck—for example the Haida drank it for certain forms of cancer and as anutraceutica —
yew teawas regularly drunk by the Haida as a heart medicine (Nancy Turner, persond

communication). In her unpublished doctord dissertation, M cCutcheon (1996) has conducted the first
comprehensve in vitro evaudions of anti-infectious properties of prescreened firg nations plants from
western North America

McCutcheon methodicaly screened one hundred methanolic plant extracts for antibiatic, antifungd,
antimycobecterid and antivird activity. Mogt of these plants were chosenbecause of traditiond
medicind and other use by BC firg nations peoples. Eighty nine of the extracts showed antibictic
activity and eighty one antifungd activity. Nineteen exhibited antimycobecterid activity, and twelve
extracts were active againg ane of saven viruses screened. Drug resstant Srains are rgpidly overcoming
contemporary treatments of bacterid infection, and most recent leads have emerged from ol
microorganiams. But this source is again being supplemented as attention has now shifted again to plants
as humanity’sorigind and primary source of antibacterid agents. At the sametime thereisagrowing
number of immunosuppressad persons with life-threstening fungd infectionsin developed countries and
an increased demand for systlemic antifungas. Also, as noted, new antimycobecterid drugs are
immediately required to treet the resurgence of TB, exacerbated by secondary TB infectionsin AIDS
patients.

Theleast progress by pharmacologigsliesin the area of antivird development, because few peoplein
developed economies die from vird infections and the generd Smilarities between human and vird
chemidry inhibit developing safe thergpeutics. However the AIDS epidemic has acoderated antivird
development. Even o, many vird infections remain impervious to trestment and the hundreds of pre-
screened remedies by firgt nations peoples provide a promising source of new trestments.

Prior to McCutcheon' swork, the traditionaly-used medicines of BC' sfirgt nations had not been
methodically investigated, athough the eminent North American ethnobotanist, Nancy Turner, and
other ethnobotanists have extendvey studied their source plants and traditiond uses. The hundred
plant samples andyzed by M cCutcheon were sdlected from the severa hundred mentioned in
Thompson Ethnobotany (Turner, 1990), Ethnobotany of the Okanagan-Colville Indians (Turner
1980), and Plant Taxonomy and Systematics of Three Contemporary Indian Groups of the Pacific
Northwest (Turner 1974). The plantslisted in these sources plus those in the gppendices of
(McCutcheon 1997) are the “best economic bets’ for further screening. McCutcheon’s screening just
scratches the surface.
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Summary of Screenings

McCutcheon found asgnificant corrdation between antimycobaderid activity and the traditiond use of
plantsto treet tuberculos's, and sgnificantly higher percentages of traditiondly used plants were found to
be potential medicines. There dso gopeared to be corrdations between activity and the active plants
taxa and habitats from which they were collected.

In the sacond part of thiswork, seventy seven percent of dl extracts showed antibiotic activity and three
quarters of plants which were traditiondly used as medicines were ective. Of dl plants dassfied as
potentid antibiotics based on traditiond usage, ninety one percent were active, and the taxa with the
highest percent of active extracts were the Flicinae and Gymnospermee.

Hfty nine percent of extracts showed sgnificant activity in antifungal screening, and the taxon with the
highest percent of active extracts was the Gymnospermae. Seventy five percent of plants dassfied as
potentid antifungals based on traditiond use were shown to have Sgnificant activity.

Since throughout the two phases of screenings, members of the genus Artemisia L. were found to have
abroad spectrum of activity, this genus was chosen for additiond research on anti-infectious properties
of saventy four additiond samples representative of 30 Artemisataxa All of the Artemisia samples
showed antibiotic and antifungd activity, and in antiviral assays, eighteen extracts inhibited virdly-
induced cytopathic effects. The Artemesia species most frequently cited in ethnobotanicd literature (A.
dracunculus, A. frigida, A. ludoviciana, and A. tridentata) were among the most active extractsin dl

assay’s.

For each individua screening, athorough ethnopharmacologica analysis was conducted based on a
nearly complete review of traditiond medicind usesin dl avallable eéhnobotanicdl literature.

In part |, the antibiotic assays, for each mgor taxonomic divison (Eumycota, Thalophyta, Bryopsda,
Sphenopsida, Lycopsida, Filicinae, Gymnospermae and Angiospermae), the total number and
percentage of active extracts were caculated. The collated ethnopharmacol ogica datawhich
summarized treditiond medicina uses of the plants was utilized as abads for ethnopharmacologicd
classfications. Extracts traditiondly used to trest bacteria- caused allments were assigned to the
category “potentid antibiotics’. Extracts of plants used traditionaly to treet illnesses possibly caused by
bacterid infections were assgned to the category, “possible antibiotics’. Other plants were assgned to
the category “tonic”.

Ninety nine methenolic extracts of plants traditionally used by first nations were screened againg eeven
becterid drains, of which eghty nine demongtrated significant antibictic activity. Seventy of the extracts
showed activity againg both Gram negative and Gram pasitive organiams, and forty Sx exhibited activity
agandg the antibiatic supersusceptible srain of P. aeruginosa Z6l. Fifty one extracts were found to be
acdtiveagang S aureus meth(s) and seventy five againg S aureus meth®. All extracts were ective
againg methicllin resstant Srains and Sx extracts active againg K. pneumoniae.

Extracts with the broadest activity (againg at leest ten bacteria) were: Alnus ruba catkins and bark,
leaves of Fragaria chiloensis, Moneses uniflora agrid parts, and branches of Rhusglabra. In
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addition, the following extracts were active againg nine of the bacteria: branches and roots of
Arctostaphylos uva-urg, agrid patsof Artemisia ludoviciana var. latiloba, Balsamor hiza sagittata
aerid parts and roots, Cornus canadensis agrid parts, roots of Geum macrophyllumand of
Heuchera cylindrica, branchesof Juniperus communis and Larix occidentalis rootsof Lomatium
dissectum, and branches of Ribes sanguineum.

Secondly, extracts with the grestest activity againg normd srainsof P. aeruginosa K99 were:
branches of Juniperus communis, Ribes sanguineum and Rhus glabra, aerid partsof Argentina
egedii and Cornus canadens's, leaves of Fragaria chiloend's, and rhizomesof Polystichum
munitum.

Extracts with the grestest activity againg the methicllin-resstant srain of S aureus were: Alnus rubra,
Ambrosia chamissonis, Lomatium dissectum, Nuphar lutea and Rhus glabra.

A higher percentage of flowering plants tested exhibited antibiotic activity than did non-flowering plants
but among the latter, the taxa presenting the greatest degree of antibiotic activity were ferns (Filicinae)
and conifers (Gymnospermae). The spedific results of phase one antibiotic screening by family, species
and drans are given in McCutcheon (1996)

Phase | Anti-Fungal Screening

In this phase, a hundred methanalic plant extracts were screened for antifungd activity againgt nine
funga species. Of these, eighty one hed antifungal properties and thirty extracts showed activity againgt
four or more of the assayed fungi. All of the plants traditiondly usad as antifungd medicines exhibited
activity, induding al of the gymnnosperms and ferns assayed.

Extracts with the grestest antifungal activity came from: catkins of Alnus rubra, aerid parts of
Artemisia ludoviciana, A. tridentata, and Monesesuniflora, and roots of Geum macrophyllum,
and Mahonia aquifolium. Extracts from the fallowing dso showed antifungd activity againg dl nine of
thefung used: Asarum caudatum, Bal samor hiza sagittata, Empetrum nigrum, Fragaria
chiloensis, Glehnia littoralis, Heracleum maximum, Heuchera cylindrica, Ipomopsis aggregata,
and Rhusglabra.

The author dso found that eighty percent of those plants tested which were traditiondly used by first
nations had sgnificant antifungd activities and the andlysis of the results by taxa would suggest that
more non-flowering plants should be screened in the future for antifunga activity.

In generd thereisahigh corrdation between plants with antifungal and antibiotic activity, with severad
exceptions. Thus extracts of Arctostaphylos uva urs, Juniperus communis, Lomatium dissectum,
Nuphar lutea and Ribes sanguineum illusrated sgnificant antibiatic activity, but their antifunga
properties were poor. Smilarly extracts of Asarum caudatum and | pomopsi s aggregata showed
poor antifungd activity but inhibited growth of al ninefungi in the fungd screening.

Phase | Anti-mycobacterial Screening
In this phase a hundred methanalic plant extracts were soreened againg Mycobacterium tuberculosis
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and aresgtant grain of Mycobacterium avium. Thirteen of the nineteen extracts which were found to
be active againg M. tuberculosiswere traditiondly used by BC firgt nations to treat tuberculoss.
Extracts derived from the roots of Heracleum maximum, aeria partsof Monoses uniflora, and the
inner bark of Oplopanax horridus inhibited the growth of both organiams a concentrations equivaent
to twenty mg. of dried plant materid per disc. Also extracts from bark and catkins of Alnus rubra, the
branches of Empertrum nigrum, and the roots of both Lomatium dissectum and Glehnia littoralis
completely inhibited growth of both organisms a concentrations equivaent to one hundred mg. dried
plant materia per disc.

With increesing resstance of TB, the trestment has multiplied to a combination of drugs (typicaly
rifampin, plyrazinamide and isoniazid). However darting in the mid-1980s, there has been anincreasein
cases of multiple drug resstant TB, and many drains are now resistant to seven of the most effective TB
drug trestments.

In this phase of screening, Six extracts were found to be highly effective in completely inhibiting the
growth of both organiams. Empetrum nigrum, Glehnia littoralis, Heracleum maximum, Lomatium
dissectum, Moneses uniflora, and Oplopanax horridus. Three of these extracts are dl members of
the same family, the Umbdliferag, which iswel known for its photo- cytotoxic furano-coumarin
components, which may be responsible for observed antimycobacterid activity.

Phase | Antiviral Screening

Screening of the same extracts was conducted againgt seven viruses for antivird activity. At non-
cytotoxic concentrations, twelve extracts were found to have antivird activity: extracts of Rosa nutkana
and Amelanchier alnifolia (both Rosacese) were active againg an enteric virus, and aroot extract of
another Rosacese, Potentilla arguta, completely inhibited arespiratory virus. A branch tip extract
from Sambucus racemosa was found to be active agairst respiratory syncytia virus and extracts from
theinner bark of Oplopanax horridus partidly inhibited the same virus. Extractsfrom Ipomopsis
aggregata srongly inhibited parainfluenza virus type 3, and aroot extract from Lomatium dissectum
completey inhibited cytopathic effects of rotavirus. Findly extracts from the following plants showed
antivird activity againg herpesvirustypel: Cardamine angulata, Conocephal um conicum,
Lysichiton americanum, Polypodium glycyrrhiza, and Verbascum thapsus. None of the extracts
exhibited broad spectrum effects. Each extract inhibited the growth of only one type of virus

These results contain antivird leads, digtinct from the current mainstream attempts to create narrow
spectrum drugs effective againg spedific molecular targets. Given the sgnificant portion of extracts
which yidded postive results in the antivird screenings, M cCutcheon has concluded thet it is reasonable
to assume that there are undoubtedly numerous types of antivira compounds in thesource materids.
Characterization of active ingredients of the sourcesis apriority before these plantsarelost in BC.

Much of this characterization is ongoing. Saxena (1994) has isolated three antibiotic compounds (two
new) from Rhus glabra, which exhibited the strongest broad- gpectrum antibiotic effects of dl the
extracts screened by McCutcheon, dthough it showed no activity in the other screens. Smilarly Alnus
rubra had srong antibiotic, antifunga and antimycobacterid effects, and Saxena (19954) has isolated
two active compounds for A. rubra bark —oregonin and diarylheptanone.
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Matsuura (1995b) hasisolated four antibiotic compounds from Ceanothus vel utinus and four
antimycrobid compounds from the same species (1995¢). Masuura (1995d) aso hesisolated Catechin
and an unknown triterpene from Geum macrophyllum, and seven active compounds from Glehnia
littoralis (1996)

Two of the plants demondrating strong antifungd activity, Moneses uniflora and Ipomopsis
aggregata, have aso been the subject of chemica investigation, and Saxena (1995b) hasisolated a
nove chloroquinone (8 chlor-chimgphilin) from M. uniflora, in addition to aknown antimycrobid
compound, chimaphilin. Thisresearcher has d o isolated four active compoundsfrom 1. Aggregata,
giliacoumarin, cucubitacin B, resorcinol, and hydroquinone glucoside (1995¢).

Theefficacy of virtudly dl the above chemica isolates did not compere favourably with those of
commercidly-avalable antibiotics and antivirds. McCutcheon notesthat “ the relatively poor activity
of all these isolated pure active compounds appears to be at odds with the strong activity
exhibited by the crude extracts of the plants they were isolated from. Particularly in the plants
with many compounds, synergistic interactions may account for this difference however this
possi bility has not been explored” . (emphasis added.) p. 72.

Saxena (1995d) has dso isolated anovd antimicrobid compound from Oplopanax horridus, which
wasthe most promising extract sourcein the antimycobacteria assays.

It isinteregting to note that three of McCutcheon’s antivird extracts arose from plant specieswhich are
members of the Rosaceee (A. alnifolia, P. arguta, and R. nutkana), and dl three of these were active
agang virusss infecting the mucosd surfaces

Although the research is far from complete, with the exception of O. horridus none of the above
chemica invedtigations has yet led to the commercid development of anti-infectious compounds. But
mogt traditiondly used first nations plants have not been tested, and future screening mugt take into
condderation synergidic effects and continue to employ traditiond usage as selection criteria, including
both flowering and non-flowering plants and plants traditiondly used astonics, the treetment of bacterid
infection, and so forth.

Phase Il Screening

In the sacond part of the screenings, the sdlection criteria of plants was expanded to traditiona usein
North America (rather than just BC) athough plants were generdly gethered in the Pacific Northwedt. It
was d <0 redized that many medicind plants prescreened by indigenous peoples have been dassfied as
non-medicina because the traditiond use was not recorded. (This problem can be overcome by
exduding in andyds plants from medicind genera from the category of non-medicind plants). Secondly
the ethnobotanicd literature is full of taxonomic misclassfications a the species leve because many
generaare extremdy difficult to identify. However the main criterion of sdection of plants remained the
traditiond use.

In this phase arepresentative collection of plants medicindly used by first nations of western North
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Americawas collected. The primary focus involved plants used to treet abscesses, burns, infected
sores, skin alments, tuberculoss and yeedt infections. In antibiatic screening, dinicaly important
pathogens and multiple drug resstant strains were used.

Mogt active broad spectrum antibiotics were found in extracts from Abies grandis, Elliottia
pyroliflorus, Geum triflorum, Horkelia fusca, Paxistima myrsinites, Paeonia brownii, Phylloce
empetriformis, Picea Sitchens's, and Pseudotsuga menzesii.

In addition, the fallowing plant extracts showed extremdy srong activity againg &t least one organiam:
Ephedra nevadensis, Arctostaphylos patula, Epilobium angustifolium, Mitella brewerti,
Oenothera villosa, and Potentilla norwegica.

At the family level, the Ericaceae, the Polypodiaceae and the Rosaceae showed comprehensive
antibiotic activity. (Chimaphilin and arbutin, commonly-known antibiotic compounds, are congtituents of
the Ericaceae; however, thereislittle work to date on the Rosaceae and the Polypodiacese, and
antibiotic condtituents are unknown). The author dso has found that among the non-flowering plants,
there was adriking difference between percentage of active extracts from the Flicinee and
Gymnospermae (100%) and lower plants (54%).

In phase |1 antifungd screening, the mogt active broad spectrum antifungd extracts arose from:
Boykinia occidentalis, Chimaphila umbellata, Drosera rotundifolia, Epilobium angustifolium,
Geumtriflorum, Horkelia fusca, Oenothera villosa, Paeonia brownii, Potentilla norwegica,
Trillium ovatum, and Woodsia scopulina.

Three plant families were extraordinary in the anti-funga screening: Pinacese, Rosacese, and
Saxifragacese. All samples from these families showed antifungd activity.

This second phase of screening dso focused on Artemisia species, perhgps the most important
medicine source of North American firg nations, and until this study, few North American species had
been screened. Seventy four samples from thirty Artemesia taxawere screened for antibiotic activity.
All samples showed activity againg a least Sx bacteria, except A. absinthium. The strongest activity
was demondrated by A. frigida, A. ludoviciana, A. tridentata, A. dracuncullus, A. tridentata. A.
douglasiana, A. cana, A. spiciformis, and A. tridentata. These are d 0 the species mentioned most
frequently in the ethnobotanicd literature. It was aso found that condtituents of plant materids were
mogt potent just before flowering

Seventy four extracts prepared from thirty Artemisia Species were assayed d<o for antifungal activity
agang eight fungi. Antifungal activity was found to be digtributed throughout al four subgenera, and the
strongest and broadest spectrum of activity was demondrated by A. douglasiana, A. fridiga, A.
dracunculus, and A. tridentata, (again the species mogt frequently cited in ethnobotanicd literature).
Some of the thergpeutic effects of these species were found to be light enhanced.

Fndly seventy five extracts from thirty one Artemisia taxa were screened for antimycobacterid activity
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agang Mycobacterium tuberculosis and M. avium. Extracts with the greatest antimycobacteriad
activity arosefrom A. dracunculus, A. cana, A. nova, A. tridentata, and A. tripartita.

Seventy three extracts were screened dso againg deven viruses: Sindbis, polio one, Coxsackie and
murine cytomegalovirus plus other viruses. Four extracts inhibited cytopethic effects of Coxsackie and
poliovirus. Eight extracts (from the Tridentatae, Vulgares and Absinthium) partialy inhibited respiretory
syncytid virus, Five extracts (from Vulgares and Tridentatae) partidly inhibited coronavirus, and none
of the Artemisia extracts inhibited herpes virus, parainfluenza virus, rotavirus, vacciniavirus and
vescular gomatisvirus. Although wide spectrum screening showed that antiviral components of
Artemisia species are widdy digtributed throughout the genus, activity was not condstently shown by
samples from the same taxa, and this variation was thought to result from both quditetive and
quantitative differences in the chemical compostion of the spedies during the gowing season.

Theresults of the above screenings show that Artemisia species exert Sgnificant anti-infectious activity
in vitro againg viruses, fungi and bacteria, and these species are good candidates for further
investigation. Secondary metabolites of Artemisia species have been widdy investigated, and Marco
(1990) has reviewed the 376 congtituents reported up to 1988. These generdly belong to four mgor
classes. coumaring, flavonoids, terpenes and acetylenes.

One mug, of course, be cautious in extrapolaing in vitro studies such asthat of McCutcheon's
antibacterid/funga/vird screenings to human modds. The anti-becterid activity of Fragaria chiloens's,
for example, is possbly areault of its tannic condituents. The work in thisthessjust scratchesthe
surface of BC firg nations medicind plants, and beyond antifungd,, antibiotic, anti-Mycobacterium and
antiviral assays, mog other pharmacological activity and effects of first netions plants has yet to be
clinicaly assessed.

New Product Sourcell --Wood “Waste”

In addition to the plant species identified from first nations use as reasonable sources of medicines,
biocides and nutraceuticals, the barks of three species, lodgepole pine (Pinus contorta), Sitka spruce
(Picea engedmanni x glauca) and ader are known to contain phenolic (anti-oxidant) compounds,
which could be sold into  the nutraceutical markets if they can be extracted at commercidly-viable rates.
Thismakes alaot more economic sense than burning the bark, asis now the case. In fact many other tree
Species have traditiondly provided medicines from their bark including Grand Fir, Western Hemlock,
Douglasfir, as have shrub species such as Birch, Arbutus, Bitter cherry and Aspen.

Aspart of norma processing in the BC forest industry, logs are debarked and together with other
wood “wagte’ which cannot be made into pulp are dumped into afue pile which is used to hegt boilers
of BC pulp mills. In saw millsthiswaste is burned in beehive burners, which are being phased out for
environmentd reasons BC millswill then be faced with the problem of digposing of hundreds of millions
of pounds of wasgte bark annudly. This bark can be used as a continuing source of bioactive chemicals
and further isolation and characterization of various gpecies barks for organic compounds should be
undertaken for antifungdl, antibacterid and insecticidd properties. Thereisared potentia to exploit
forest-based, naturdly occurring insecticidal compounds within the forest industry itsdf —for the control
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of economically-sgnificant forest pests and in the production of seedlings used in reforestation. (The
biocida properties of forest substances are taken up in a subsequent section).

New Product Source Il --Soil Microfungi and Lichens

Ancther area of focusfor new products should be soil microfungi and bacteria, lessthan 0.1 percent of
which have been screened for medicindly useful compoundsin BC. It isdifficult to screen such
compounds since the norma ways of isolating them requires that Sgnificant quantities of microbes be
grown in the laboratory. Thisis arduous and often soil microorganisms refuse to reproduce outside of
their naturdl conditions. TerraGen  has circumvented this problem through taking a soil sample, which
typicaly contains 5,000 species of microorganims, extracting dl the DNA from it and inserting pieces
of the DNA into Streptomyces bacteria

Since the bacteria then contain genes of differing microorganisms, they produce some of the chemicas
usudly found only in the origind soil organisms. Using these techniques TerraGen has isolated potentia
new antibiatics from BC soil samples and is usng the same techniques on lichens (a symbiatic linking of
fungi and agae). Roughly 20% of the earth’ s fungi grow in such symbiatic relaions and may contain a
diversty of medicd chemicas, but lichens cannot be grown in the laboratory. Lichens actudly contain
two or more organisms—afungus and an dgaor a cyanobacterium, or both. Since the component
organisms engage in complex intracdlular Sgnaling, lichens have the patentid to yidd avariety of
biochemica s with pharmaceuticd utility.

New Product Source V.- Canopy Arthropods and | nsects

Ancther potentid source of new pharmaceuticals and pedticides are poisons and exudates of arboredl
arthropod and insect species associated with montane old growth forests. Recent fidd work on canopy
insects, for example, in the Carmanah Vdley (C. French persond communication) show thet multiple
pecies, many of which are entirdly new to science, live in the canopies of coastd old-growth forest and
perform basic rolesin ecosystem functions. For evident reasons, the poisons exuded by crestures such
as Joiders and snakes have an extengve folk higtory of medicind use throughout many cultures

To give asngle modern example, in mid-1998, ateam from the Univeraty of Southern Cdifornialed by
F. Markland, announced that a protein in the venom of copperhead snakes cdled contortrostatin
dramaticaly retards the growth of breast tumoursand can inhibit the growth of other forms of cancer.
(Vancouver Sun, August 27, 1998). In studies with mice implanted with human breest cancer cdlls, there
was a 60%-70% reduction in growth rate of breast tumours and a 90% reduction of tumours which had
Soread to the lungs. The team is genetically engineering the venom, which apparently inhibits
angiogenesis—the development of new blood vessals exploited by tumour Stesto get nutrientsand asa
pathway to soread. The protein from the copperhead inhibits the formation of new blood vessalsto
nourish tumours and thus helps prevent metagtasis. This protein belongsto adass cdled disntegrins
(because they disrupt the functioning of other proteins on the cell surface).

In this context, L. Humble and ateam from the Canadian Forest Service (Humble1997) are investigating
the effects on canopy arthropods of dternative siviculture sysems and specificdly are trying to answer
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this question: what habitat attributes are necessary to maintain netural populations of canopy dwelling
insects and other arthropods in coast montane forests? In other research, G. Scudder of UBC's
Department of Zoology is producing a handbook for the identification of BC's plant bugs
(HemipteraMiridae). Western forests are dominated by the arthropods, which congtitute over 87% of
al forest faund pecies. And yet their Sudy is often ignored in favour of the forest-floor dwelling carabid
bestles.

V1. BC Medicinal Herb Wildcrafting

Introduction

In addition to the part of the pharmaceutica sector in BC which isinvolved with naturd products, there
isdso asector cdled “wilderafting” which gathers medicina and nutraceutical species from wildlands
and HIsgenerdly to US herbad companiesin bulk form.

BC forests and wildlands, we have seen, contain awide diversty of plants with market potentid for the
manufacture of pharmaceutica compounds and herba medicines in addition to nutraceuticas. (The
markets for forest plants used as natura food preservatives are a o expected to grow).

Many of the medicind and nutraceuticd plants are easly grown in smdl crops and thus are not
gopropriate candidates for forest gathering. In 1998 the main medicind herbs which are grown in North
Americaare Echinacea, Goldensed, Ginko, &. John’s Wort, Hops, Peppermint, Slippery EIm, Aloe,
Saw Pametto and Vaderian. Goldensed, S. John's Wort, Echinaceaand Sippery EIm aredso
wildcrafted, and Saw Pametto is both cultivated and wilderafted, mainly for export to Europeto be
incorporated into phytomedicines. But some of these such as . John's Wort are currently in such
demand that buyers are grateful to get them from anywhere.

Many others botanicas are gopropriate candidates for wildcrafting and those currently being taken
from the Chilliwack forest didrict indlude: serviceberry, livewort, Vdley Cinquefoil, Red Elderberry,
Pearly Everladting, BitterCrest, Scarlet Giblet, skunk cabbage, wild rose, Mullein, spruce bark, and
Devil’s Club (an estimated 2,500 Ibs. from this digtrict done during 1997).In addition Apocynum
androsaemifolium, Arctostaphylos uva urs, Asarum spp. Chimaphila spp. Ganoderma spp.,
Formitopsis pinicola, Mahonia spp. Populus tremuloides, Solidago canadensis, and Thuja plicata
were aso taken.

Little yew isbeing collected in BC because there is now acommercidly feasible semi-synthetic taxol
gpproved for drug usein the US and Canada. The semi-synthetic procedure for the production of taxol
il depends on harvesting the plant because it uses ataxal precursor found in Taxus species. In other
words, now the bark from the pacific yew is no longer the only source of taxal (asit was until around
1994), and other Taxus speciesbesides T. brevifolia can now contribute to the production of taxoal.
For example, the gtarting compound in this partid synthes's, 10-DAB, is easier than taxal to extract, and
occurs in consderably higher concentrations (10 times) in other yew species such as T. baccata.

Although a the present time, 10-DAB can be obtained only from Taxus spp., itispresentindl
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components of the species (not merdly the bark), and can be obtained from awide variety of widdy
planted shrubs, Thisisthe basis of Weyerhaeuser Co'slarge plantationsin the US which grow millions
of three year old yew trees derived from cuttings of rgpidly-growing horticulturd yew varieties, and after
five years extract taxol and other taxanes. The millions of tonnes of discarded yew needles and twigs
harvested yearly by commercid gowers are dso now contributing to the supply of 10-DAB (Ellisand
Russin undated).

For dl of the above reasons, the collecting of pacific yew bark and other parts has dmost sopped in
BC. Theevalution of yew gathering — extensve in the early nineties and dacking off now illugtrates
another point about medicind plants. Interest isfirgt kindled in traditiondly used medicind plants, and
an effort ismade to extract active ingredients and synthesize these or partidly synthesize them (darting
with a precursor asin the case of taxdl). It is often very difficult to commercidly synthesize or partidly
synthesize such substances —the vagt mgority of organic molecules which nature throws forth cannot be
chegply synthesized — And yet such synthesesdo occur, and in that case thereis no longer areason
(from the viewpoaint of pharmaceutica companies) to pay wildcraftersfor plant parts gethered from the
forest. Thelatter busness (sdling raw substances to the pharmaceutica companies) is suddenly over.
And yet if the thergpeutics of forest botanicasin some cases, arise from a synergidic interaction of
different organic compounds, as an increasing number of consumers believe, there are ill may be
growing market opportunitiesto sall the original plant into the herbal markets even after and “active
ingredient” has been synthesized. Such was not the case with yew because so little taxal is present in
bark and the chemica synthessisfar too expendve. The current main sdler of pacitaxd, BMS, gets
much of ther yew from thousands of gardeners trimming hedgesin Britain.

Medicinal Wildcrafting Industry Structure

When oneis looking for export vaues or volumes of BC medicind plants taken from the wild, (or
grown), Statigtics Canada datais less than hdpful. Starting in 1988, Statistics Canada and other
government agencies aggregated import and export figuresin terms of the “Harmonized Commodity
Code’. Medicind botanicdsfal under HCC 1211.00 —“Plants and parts of plants ....used primarily in
perfumery, in pharmacy or for insecticidd , fungal or Smilar purposes, fresh or dried”. Thiscategory is,
somewhat eccentricaly, broken down into HCCI2I1.10 - liquorice root, HCC1211.20 - Ginseng roct,
and HCCI211.90 -Not e sawhere specified.

Hrd it isimpossible to sparate volume and vaue figures for medicind botanicas from those for
perfumes and insecticides. Also the kg. volume figures do not reflect whether the item was fresh or dried
(aratio variaion of 4-15:1). And it is precisaly “N ot e sawhere specified” (everything besides liquorice
root and ginseng) that we wish specified; thet is, volume and vaue of exports by species.

Thereisthe additiond problem that any exporter deding with Canada Customs will do everything in her
power to get the export classfied asafood or food supplement rather than amedicine to savetime and
money. Therefore the Statigtics Canada export figures for HCCI211.90 -which for 1997 was 108,345 kg.
with avaue of 8,028,000 —invalve sgnificant under-edimations.

Parentheticdly, in order to track the export figures on these growing resources, the provincid
government should lobby Statitics Canada to incdude more specificity in this data— at least to separate
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medicind, pefume and insecticidd plant data and to aggregate in terms of the main herba pecies
growing into prominence on the US market.

Given the above problems; to obtain the following, we therefore sought information directly from
commercid harvesers of medicind plantsin BC, Oregon and Washington. Commercid wildcrafters
were asked these questions: What do you collect? How much of each in agood and bad year? How
much do you receive per pound? What are your expenses and profit margin by pound by species? How
do you pay pickers? What are your gross revenues in good and bad years? To whom do you sdl?

The gathering of forest medicinds, both commercid and otherwise, in BC is centered mainly inthe
Kootenays, the Socan region and the Okanagan (S. John's Wort taken off of range land). Exduding
hobby gatherers from urban areas who go out on weekends, there were an estimated 300 persons
gathering commerdaly in BC during 1997 (hdf of these in the Kootenays) and these numbers indude
an esimated 15-20 serious commercid collectors, who operate @ther through a company or through
their own name, hire crews, and methodically gether. The serious commercid collectors of wild
medicind herbs sdl dmogt exdusvdy to US bulk nutrient suppliers and big manufacturers such as
Frontier. In excess of 95% of both value and weight of the wildcrafted medicind herbsin BC during
1997 were accounted for by St. John’s Wort and Oregon Grape.

Often serious wildcrafting efforts have been an extension of businesses which farm organic dternative
crops and severd of these produce S. John's Wort extract and have products manufactured on
contract (such as Freshwoods Farms).

Edtimated 1997 gross revenues paid to the 15-20 commercia collectors were between Can. $2 - $3
million. Crewswho work for these collectors are generdly paid on a per pound basis (in the range of
$.50-.70/Ib) and can make around $100.00 daily.

The man medicind botanicds gathered in BC during 1997 (both in terms of revenues generated and
weight) were Saint John's Wort and Oregon Grape, followed by cedar oil. Medicind botanicals
wildcrafted in smdler quantitiesin BC during 1997 indluded Devil’s Club, Nettles, Burdock, Yarow,
Mullein, Arnica, Camomile, Tansy, Rose Hips, Cascara, Desart Pardey, Yew, lichens such as Usnea
wirthii, and many other species.

The gathering of wild medicind plantsisredly acraft industry in BC and is usudly not yet organized
into companies. People generdly gather for their own use, and some amdl saesin the community of
dried raw plant materias or extractions,

During 1997 we estimate that  between 100,000 and 150,000 |bs (dry yield) of Saint John's Wort were
wildcrafted in BC, 20,000 lbs of dry Oregon Grape, 6,000 Ibs of cedar oil (made mainly from boughs)
and lessthan 5,000 |bs of Devil’s Club bark. It was not possible to make reliable estimates of the
quantities of other medicind botanicals harvested from the wild in BC.

59



Wildcrafted Harvest of Medicinal Botanicalsin the Pacific Northwest

Three years ago, before the market took off, approximately 10,000 Ibs (dry) of Saint John's Wort were
harvested from the wild in BC and Washington state together. Last year, gpproximately 400,000 lbs of
Saint John's Wort were wildcrafted in Washington state, gpproximately 200,000 |bsin Oregon and, as
noted, around 100,000-150,000 Ibsin BC. The dry wildcrafted harvest of Saint John's Wort thisyear in
BC may exceed 300,000 Ibsif it can be harvested before being burned up by the unusudly hot weather
and interior fires during July and August of 1998.

With respect to Oregon Grape, three years ago, the Washington State wildcrafted harvest was
approximately 4,000 Ibs, with an equivadent figure for BC. In 1997 the wildcrafted harvest for Oregon
Grape in Oregon was around 20,000 Ibs with the Washington harvest about hdf of this and aBC 1997
harvest of gpproximately 20,000 Ibs

In terms of weight and revenues, the third main medicind botanica crop of the Pacific Northwest in
1997 was Cascara Segrada. In 1997, gpproximately 400,000 Ibs of Cascarawere wildcrafted in
Washington gate, and around 120,000 Ibsin Oregon. It was not possible to make a rdliable estimate of
the amount of Cascara Segrada harvested from BC during 1997.

July 1998 Prices Paid to Wildcrafters

In duly 1998 &. John’'s Wort with a 0.15% hypericin content received around US $4.00-US $5.00 /1b.
from brokers, with dry Oregon Grape fetching in the neighbourhood of US $1.40-$1.80/Ib and Cascara
Segrada around US $.40/1b-$3.50/Ib. These are the amounts which wildcrafter companies are paid
through brokers and other buyers. Generdly the range of pricesfor a specific species dependson
market demand and availability, potency, amounts sold, whether or not the product is organic and plant
part sold (flowers as opposad to sem bark, for example).  Reputable buyers purchasing from
wildcrafters will be concerned where a botanica was picked to ensure that it does not contain roadside
herbicides. In generd wildarafters can make more money by sdlling their crop into the herba products
indudries rather than sdling to pharmaceutical companies. Qudlity dried yarrow, for example, fetches
around Can. $10.00 per pound in the former markets and only Can. $4.00-5.00 per pound from
pharmaceutical manufacturers.

S. John’s Wort costs on average around $2.00/1b to pick and transport and around $2.00/1b for
primary processing (drying and bagging). If wildcrafter companies receive only around $5.00/1b (the
current price), their profit margins are S0 low that their cash outlays to pickers retricts the amounts that
can be picked, unless they find abuyer who iswilling to front haf of the cash . Thereisdso acurrent
restriction on the tota upper tonnage of . John's Wort which can be wildcrafted in BC due to limited
adrying fadilities, with severd firms usng the fadilities of Ginseng growers during July through September.

Prices can dso change suddenly when large, new entrants grow a botanicd. In the early nineties,
growers and wildcrafters were paid a high price for Evening Primrose Oil, which was supposed to be
the salvation of tobacco farmersin Ontario. (David Sm, persona communication). Unfortunately in 1992
the government of China suddenly dlowed farmersto sall non stgples for foreign currency, the Chinese
flooded the Evening Primrose market and five years later, when the Chinese findly deared ther grown
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stock, prices had falen to less than athird of the 1993 price.

Market Opportunities for Wildcrafting Medicinals and Nutraceuticals

The growing intered in plant-based remedies and nutraceuticalsis cregting new market opportunities
for wildcrafting, agroforestry and growers. But we know very little about these commercidly vauable
speciesgrowing in BC. Take St. John'sWort. The North American market for this species exploded in
1997 and price depends on hypericin content. We do not know: how much of thisgrowswild in BC and
where; or when it should be harvested to maximize hypericin content. If wildcrafting companies hed this
basic knowledge, they could more optimally maximize hypericin content and up their asking prices.
Smilar obsarvations are gpplicable to the other gpecies such as Devil’ s Club, Oregon Grape and dll
those liged in Figure 8.

An argument can be meade for mainly growing these botenicas as crops rather than gathering from the
wild. These mattersare taken up in Part 1.

The European market for medicind botanicalsis around five times the Sze that of the US plus Canada,
and the European market for items such as the laxative made from Cascara segrada bark isamost
twenty times that of the US. Even o, Cascara segrada isan ingredient of in excess of two hundred
products sold in Canada including Cascara Segrada Tab 200mg (Parke Davis), Aromatic Cascara
Fluid Extract (Shoppers Drug Mart), Laxatif aux Herbages Tab (Bioforce Canada Ltee)), and Sachet
pour Infusion Laxative (Fregalnc.). Also severd veterinary products contain this substance: Purgex Inj.
(Fatro Inc., Canada), Laxaive Injectable (Veterinary Labs Inc) and Laxative Inj. 20% (Armitage
Carroll Ltd.). (Prescott-Allen and Prescott- Allen, 1994). Other widdly employed plant substancesin
Canadaare &. John’sWort and uvaurs from Arctostaphylos uva-urs—an active ingredient of in
excess of 150 products sold in Canada.

Hgure 9 presents some common BC medicind botanicas which are amenable to wilderafting plusthar
current 1998 wholesale price/lb. In generd wildcrafters are paid gpproximately haf to one quarter of this
wholesde price, dthough in the case of expengve items such asinner gem bark of O. horridus or
those especidly difficult to gether, they may be paid up to two thirds of the wholesale price. Priceswere
gleaned and averaged from Canadian and US bulk herba suppliers and brokers. Clearly the shortterm
“best economic bets’ for wilderafting medicindsin BC are &. John's Wort, Oregon Grape and Devil’s
Club. Some of these prices are high-end wholesale prices for organic produce and were included to
show the amounts which these species can fetch. Thereis dso sometimes a condderable price variaion
depending on part source. Cedar ail from chipsis currently selling for around Can. $30/1b, but when
extracted from boughsit can bring between Can. $8.00/1b and Can. $60.00/1b.

Figure 9-- Selected BC Indigenous Medicinal Plants
for Wildcrafting and Salesinto the
North American and European M arkets,
and July 1998 Wholesale Prices
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Name Wholesale Price
($Can/lb.), dried
Alder bark (Alnus rubra) $ 3.00-$5.00
Alum root (Heuchera ylindrica) $12.45
Avens (Geum macrophyllum) $12.00
Arnica (Arnica latifolia) $9.95
Baneberry (Actea rubra) $12.00
Bittercherry bark (Prunus marginata) $18.00
Bittersweet (Solanum dulcamara) $12.00
Bleeding Heart root (Dicentra formosa) $11.00
Bloodroot (Sanguisorba canadens) $39.95
Burdock (Arctium minus) $ 7.45-$14.30
Bunchberry (Cornus canadensis) $12.00
Cattail pollen (Typha latifolia) $80.00
Cascara segrada (Mentha citrata) $11.95
Cedar Oil (Thuja plicata) $8.00-$60.00
Chickweed (Stellaria media) $8.75
Chokecherry (Prunus virginiana) $23.00
Club Moss (Lycopodium clavatum) $10.95
Colt's Foot (Petasites palmatus) $26.00
Dandelion (Taraxacum officinale) $6.00-$10.00
Devil's Club (Oplopanax horridus) $30.00-$85.00
Dogbane root (Apocynum andraesimifolium) $31.50
Elder flowers (Sambucus caerulea) $11.60
Feverfew (Tanacetum parthenium) $18.75
Fireweed root (Epilobium angustifolium) $22.00
Giant Horsetail (Equisetum telmateia) $18.00
Goldenrod (Solidago canadensis) $7.95
Hawthorn leaves (Crataegus douglasii) $6.65
Heal all (Prunella vulgaris) $9.95
Horsetail (Equisetum hyemale) $7.10
Indian Hemp (Apocynum cannibinum) $10.00
Kinnikinnik (Arctostaphylos uva ursi) $5.50
Lady Slipper root (Cypripedium montanum) $82.95
Licorice Fern (Polypodium glycyrrhiza) $14.00
Madrone (Arbutus menziesii) leaf $10.00
Male Fern (Dryopteris felixmas) $10.10
Mullein (Verbascum thapsus) $8.00
Nettle Leaf, organic (Urtica dioica) $13.75
Oakmoss (Evernia prunastri) $5.75
Oregon Grape root (Mahonia aquafolium) $4.00-$14.50
Pearly Everlasting (Anaphalis margaritacea) $13.75
Pipsissewa (Chimaphilia umbellata) $10.00
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Name Wholesale Price

($Can/lb.), dried
Pleurisy Root (Asclepius speciosa) $14.66
Rasberry Leaf (Rubus idaeus) $ 4.95--$14.95
Reed Root (Ceanothus velutinus) $16.00
Scullcap (Scutellaria galericulata) $20.00
Sheep Sorrel (Rumex acetosella) $7.45
St. John’s Wort (Hypericum formosum) $ 8.55
Strawberry Leaf (Fragaria vesca) $7.95
Tansy (Tanacetum vulgare) $6.95
Valerian (Valerian sitchensis) $6.65-$18.50
Willow flowers (Salix sp) $19.22
Yarrow (Achillia millefolium) $6.55

Thisspeciesof St John's Wort, in addition to being an anti-depressive, dso contains two compounds
which grongly inhibit avariety of retroviruses (Nel Towers persond communication). Burdock is il
classfied by the BC Minidtry of Agriculture asanoxious weed, and (the very invasve) S. John's Wort
contained with biocontrol agents. (To the extent possible, biocontrol of St. Joln’s Wort should be
immediatdy replaced with wildcrafter agreements).

In addition to Devil’s Club, Cascara bark, &. John'sWort, and Black Hawthorne, (Crataaegus
douglasii), Ladydipper, which is athreatened orchid taking fifteen yearsto grow, henp dogbane
(Apocynum cannabinum), Valerian sitchensis, Circaea alpina (nightshade) and Equisetum
pratense (hors#tail) are dl indigenous BC plants which are much in demand on the European herba
markets now. Premium prices are paid for produce which isorganicaly grown or wildcrafted. Other
“hot” botanicas showing rapid market growth include Black and Blue Cohosh, (threatened and growing
in eestern Canada but not BC), Blood Root, and dder bark for its anti-oxidant compounds.

Inthe US medicind plants for the complementary medicine and herba supplement consumer are
sometimes marketed mainly through regiond botanica purchasing houses which process and package
plant parts for either find processors or the retaill market. The standard methods of purchase involves
ether gpot buying or a contract in which the wildcrafter ships on amonthly bass, and large (5,0001b)
buyers often offer processng as part of their service to end product manufacturers (De Geus1995). But
increasngly, growers and wildcrafters are sdlling directly to end product manufacturers who are having
difficulty getting certain botanicas in bulk. The large manufacturers prefer to purchase 5,000-to-
10,0001b quantities monthly or bi-monthly. It isworthwhile to note here thet in Viten's (1998) study of the
BC nutraceutical manufacturers, Canadian companies purchased raw materias dmog exdusively from
growers rather than wildcrafters, who generdly sold to US concerns. The BC medicina/nutraceutical
herb growers, in turn, sell about three quarters of their produce by weight to BC concerns and the
remander into the US (A. Gunnar persond communication).
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1997 Top Selling Herbal Supplementsin US Mass Mar ket

Figure 10 presents the 1997 US mass market sdes of the top herba suppementsfor the 12 week period
ending 12/28/97 and 52 week period ending the same date. Totd 1997 sdes were US $441,502,560.

Figure 10 -- Top Herb Supplement Salesin the US - 1997

Total Sales (US$) 12 Week Period 52 Week Period
Total Supplements $141,227,680 $441,502,560
Ginkgo 29,425,772 90,197,288
Ginseng 20,057,994 86,048,080
Garlic 17,870,164 71,474,288
Echinacea/Goldenseal 19,114,476 49,189,576
St. John’s Wort 28,081,530 47,774,792
Saw Palmetto 5,789,359 18,381,592
Oregon Grape 2,479,788 9,965,772
Evening Primrose 1,789,713 7,299,353
Cranberry 1,739,309 6,182,210
Valerian 1,763,096 6,104,450
Bilberry 1,296,568 4555,723
Milk Thistle 923,081 3,037,672
Kava Kava 933,182 2,950,132

Source: IRl Scanner Data, FDM

North American Market Trends

Kava basad products went from admost nothing in 1996 to US $3 millionin asingle year, and the entire
North American nutraceutical market has risen, on average, 14% annudly over the ladt three years.
Kavaissuddenly competingwith St. John'sWort ($47.8 million sdesin 1997), for the herba anti-
depressant market, since it induces a date of relaxation without fogging the mind, isastrong musde
relaxant, and actsin the same way as prescription anti-Sstress drugs on neurd receptors. In July 1998
nationa televison advertisements began on CNN for kava-based formulae, and Kava based formulae
plus singles sales have exceeded US $22 million in the firgt three months of 1998.

Public and manufacturers awareness of research results to some extent drive sales and there have been
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few research papers on Kavato date. ( There are now 38 double blind, placebo-controlled sudies on
. John's Wort) but NIMH has funded two projects on the effects of Kava and recent sudies are
emerging weekly.

Westher isabig factor for both growers and wildcrafters. For example, St. John's Wort grown in 1996
had a very high hypericin content of around 0.3-0.4 percent, but 1997 production, due largely to El Nino
conditions has less than athird of hypericin content. Prices for both this herb and for Saw Pdmetto
(which rose from around USH.45/1b to about $7.00/b by the end of the year) were up, qudity was
down and throughout the year and into 1998, US demand has continued to outpace supply.

In addition, many traditionaly cheap, eadly available herbs such as Goldensed, Cascara, Juniper Berry,
and European Vaerian are now scarce and expengve in 1998.

At the same time, herbal- based nutraceuticals are becoming agrowing category. According to SPIN
Didributor Information, both herba formulae (items containing more than one type of herb) and herba
angles showed consderable growth during the first 9x months of 1997 vrs. the equivadent period in 1996.
The formulae sdesincreasad by 19.3 percent and singles showed a 77 percentage increase in the same

period.

Cold and flwimmune boogting products (such as Echinacea, Goldensed, Pau d’ Arco and Adtragaus
formulae and singles) showed 25 percent growth in dollar volume during the firg Sx months of 1997 vrs.
the equivadent period in 1996, and other segments presenting conggent growth for the same period
comparisonsinclude “camatives’ such as . John's Wort, Kava Kava, Camomile, Vderian and
Scullcap, (47 percent growth asformulaeg) and brain/circulation products such as Ginkgo and Gotu
Kola, (48.5 percentage increase in dollar sdes as formulae).(Herbal Gram 1998.)

Other emerging product categoriesinvolve children’s herba formulae and phytoestrogens. In totd,
herbd products packaged and promoted for children showed 100 percent increasesin dollar sdles
during the firg Sx months of 1997 vrs the equivaent period in 1996, and herba trestments of menopause
and mengrud related problems are expected to show rgpid growth. Worldwide thereis ressarch
underway to produce botanica products which can supply naturaly occurring estrogens which hopefully
will beamore benign dterndive to current hormone replacement thergpies which may increase the
chances of breast cancer. Soy protein is awiddy-consumed “ estrogen-response modifier”, meant to
dabilize awoman's dwindling estrogen supply, and dong with black cohaosh root is used to combat hot
flashes Mexican yam, to give afind example, is now awiddy-consumed source of diosgenin (New
York Times, June 21, 1998).

The ggnificant increase in sdes of . John's Wort reflectsaMay 5 Newsweek article and the June 27
“20-20" TV program which examined this herb as a depression trestment. For many yearsthe totd US
market for this herb was in the range of 20-60 tons per year. After this publicity demand has increased
in thefirg quarter of 1998 to severa hundred thousand tonsin the US done. The same thing could
happen a any time with severd indigenous species from BC, one possible candidate being Devil’s Club.
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Although we have not been able to find any rdiable estimates of the total tonnage of Devil’s Club
growing here, it isdmog everywhere in BC in profusion. (But so was Goldensed in North Americaa
one recent time). Devil’s Club has virtudly al the product characterigtics to take off — It has proven
anti-fungd, anti- bacterid, anti-vird and anti-myobacterium effects. It hasfirg nations credentids.
Together with Artemisia gpecies it is one of the most gnificant spiritual and medicing plants of Padific
Northwest peoples and was universdly used by them. And it isamember of the same family asginseng
and will eventudly be used in formulae as a ginseng subdtitute,

VII. BC Nutraceutical and Medicinal Herb Products Manufacturers
Industry Structure

The third component of the BC medicind botanica indudtry involves the manufacturers of nutraceuticas
(vitamins, minerds and herba supplements). We were able to interview fifteen of these companies In
addition, Vitens (1998) has estimated that sdles of herba products to BC consumers were in the range
of Can.$44-46 million during 1997. As part of her overview, Vitens obtained informetion on 3 of BC's
50 manufacturers of dietary supplements and medicina herbs and thus her work profiles around 65% of
the indudtry in terms of companies and around 90% in terms of annud sdes. The following discussonis
based on both set of interviews.

She found that these manufacturers are engaged in extraction, drying and grinding, encapsulaion and
packaging, but that only 5 of the 28 reporting companies were equipped to undertake tableting and [0
equipped for encgpsulaion. Mogt of these companies lack the technology and fadilities for high qudity,
standardized production.

Sales

With respect to sdes, totd 1996/97 revenues of 25 reporting companies was $33.55 million, with
approximately Can. $55 million arising from the manufacture of herbd preparations and digtary
supplements. Since her responding sample represents around 85%- 90% of dl BC indudtry sales,
adjusted 1996/97 revenues were probably between $148-157 million, with sdles of manufactured herba
preparations and dietary supplements exceeding $60 million. The average annud growth rete of these
companies we have interviewed is 18 percent over the last two years.

With respect to Size, the reporting companies employ 1,710 persons, with 43 percent employing
between 10 and 50 persons, and 27 percent employing between 51 and 200 persons.

Products and Sour ces of Ingredients

Products ranged from vitamins, minerds and enzymes, shark oil and cartilage to specidty supplements
of glucosamine sulfate, and herba formulae containing Echinacea, Devil’s Club and Devil’s Claw, S.
John’s Wort, Vderian, Saw Pametto, Evening Primrose, Gingko, garlic, Oregon Grape, Feverfew,
Black Cohosh, Dong Quai, Wild Yam, Passon Hower, nettles, Saw Pametto, bilberry, danddion, pine
and cedar bark, borage and flax ail, and Ayurvedic adaptogens. There were no producers who
induded indigenous medicind or nutraceutical mushrooms in thair formulae.
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Exduding species common in the European pharmacoepia such as . John's Wort and Vderian, the
mogt prevdent BC indigenous botanica being introduced by these companiesinto herbd formulae
during 1997 was Devil’ s Club.

With respect to sourcing and purchasing requirements, most manufacturers sourced from growers
rather than wildcrafters (less than 0. percent of al sourced herbs), and the main requirements for
purchase involved correct drying and species identification, colour, texture, odour and taste, and
sometimes certificates of andyd's which indicate strength of active ingredients; in addition to completed
tedting for contaminants.

Vitensfound that fifteen manufacturers bought medicind herbs from BC growers, induding North
American ginseng, Echinacea, S John's Wort, Vaerian, Adragdus, Feverfew, Mullein, danddion and
amdler quantities of other herbs such as Devil’s Club.

Sales Areas

These herba supplement products are sold mainly in BC and other Canadian provinces, dthough 75
percent of responding firms exported to the US and 42 percent to Asia. In one case atwo product line
company is Hling Devil’s Club to digributors in Taiwan. Only eight percent of the reoonding

popul ation reported saes to Europe.

In her survey Vitens asked about perceived advantages and disadvantages in sourcing medicind herbs
from BC. Advantagesinduded freight savings, favourable “madein BC” image and dose persond
contacts with suppliers. Disadvantages included low supply volumes by growers, higher prices and
poor quality.

Sdes channdsinduded (mainly) hedth food stores and pharmeacies, followed by vitamin stores and
upermarkets. Many manufacturers are dso sdling directly to consumers now on the internet.

Botanicals Desired in the Future

Fndly Vitens asked manufacturers what medicind plants they would be interested in sourcing from BC
growers and wildcrafters n the future: These induded the “big threg’ - Echinacea (augustafolia and
purpurea), St. John's Wort and North American ginseng, plus Goldensedl, Gingko, Borage, Spearmint
and Peppermint Other herbs mentioned induded: Agtragdus, Black and Blue Cohosh, Cascara
segrada, Bidens pilosa, Devil’ s Club, Grape Seed, Pardey, Sage, Turkey Rhubarb, Ladydipper, Black
Walnut, Feverfew, Damianaand Icdland Moss.

Production Technology -HPLC

Big bulk buyerslike Frontier in the US demand a certificate of analyss to be submitted with samples,
even with wilderafted samples, dthough many buyers will acoept wilderafted meterids without the
catificate and just perform their own andyss on samples. Although most BC herbd products
manufacturers are degply concerned with product quality and accuracy of Sandardization dams, others
will sl practicdly anything, and we have encountered severd indances in which concentration leves of
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ingredients did not match the daims on thelabel or in which a different species from that daimed was
sold.

High performance liquid chromatogrgphy (HPLC), we have seen, isthe mogt efficient way to determine
the levels of specific required chemicasin bulk materid, so the product manufacturer can concentrate
active ingredients for the mogt optimd levels of human consumption. Extensive reseerch in
phytomedicine, especidly in Europe, has established standards for botanicd extracts Holm and
MacGregor (1998) give these examples. Wildcrafted vaerian root usudly contains low percentages of
vdeinic add, while milk thisle usudly contains high levels of slymarin. Sudies have shown thet the
optimally effective varierian extracts contain 0.8 percent vaerinic acid while extracts of milk thistle have
been standardized at around 80 percent because this was found to be the most effectiveleve. In
another example, kavaiis sandardized to contain 75 mg. of kavaactones. The pills comein varying
grength, from 100 to 250 mg, and the amount of kavaactones dso varies. For example, a 250 mg. pill
of 30% extract will contain 75 mg. of kavaactones which isin accordance with Kommisson E's
recommendation of 60 to 120 mgs daily of kavaactonesfor sress and anxiety.

Herbaists and physcians who believe that thergpeutic effects of herba preparations arisefrom a
synergistic blend of many organochemicals oppose sandardization on asingle “active ingredient”, but
gandardization and near pharmaceutical-grade production methods will soon become more prevaent
throughout the industry.

There are 6 BC companies, previoudy mentioned in the discusson on medicind mushrooms, which can
provide a certificate of andyss, test for contaminants such as microbes, metas, peticides and
bacteria, and dso can “fingerprint” samples using HPLC to compare an extract with others. Cogt is
between $100.00 and $200.00 per sample per test.

VIII. Biocides (Natural Herbicides, | nsecticides and Fungicides) and Anti-
Phytovirals

I ntroduction

Lichen, leaves and roots of plants, fruit, dead insects, ocean sponges, microorganisms and ahogt of
other naturd sources can dl be a source of chemicds, fungi or bacteriawhich can ad in the baitle
agang insect pests, funga invasions and other plant diseases. Success, a newly-gpproved naturd
insecticide from Dow AgroSciences, was developed from a pest-fighting bacterium discovered in soil
samplesfrom the Caribbean. In BC one group of researchers associated with BC Research Inc. has
been examining the inhibitory activity toward fungd plant pathogens of microorganisms associated with
Douglas fir roots (Axelrood et al. 1996). This group scrutinized 1,820 bacterid srains established from
the roots of Douglas-fir seedlings and found that two hundred and thirty four of these inhibited the
growth of Fusarium, Cylindrocapon and Pythium spp. in in vitro assays. They dso found thet a
sgnificantly greater proportion of bacteria srains from actinomycete genera exhibited antifungal
properties as compared with becterid strains from nonactinomycete generaand that forty eight percent
of dl tested strains dso inhibited one or more human pathogens.
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Often insecticides and pharmaceuticals come from the same natural source.

Some of the botanica pesticides contain toxins as deadly to people as the synthetics, but the current
search for biocides is based on biological exceptions. In the words of Murray Isman, aUBC
sientig,”...Chemicaly-mediated insect-plant interactions in nature are far more subtle (than the actions
of neurotoxins). Most plant defengve chemicas discourage insect herbivory, ether by deterring feeding
and ovipagtion (the placing of eggs) or by inhibiting larva growth, rather than killing insects outright.
Thus the search for botanica insecticides with bicactivity comparable to thet of synthetic neurotoxic
insecticidesis a search for biologica exceptions.” (Isman 1994). A strong growth inhibitor, for example,
which prolongs a pest’slarva stage could serve as crop protector, Snce it increases the naturd hazards
to which the larvae are exposed.

Most currently-available synthetic insecticides poison insects nervous systems. But these
organochlorines and pyrethroids act equaly well as synaptic poisons of insects or humans. Alternate
materids currently under investigation indude behaviour- modifying substances such as pheromones,
kairomones, repdlents and anti-feedants; biorationa insecticides such as growth regulators and chitin
synthetase inhibitors, and other botanica insecticides All of these emerging insecticides are digtinguished
from conventiond chemica insecticides by these facts they may target asingle species; they require
very low volume applications, and ther actions are totdly different. (Isman unpublished).

Substances Which Modify Behaviour

Pheromones—chemicas from indigenous insects used to communicate within a oecies—are widdy
used now in pest-management strategies to monitor populaions. They can dso be sporayed onto afidd
to confuse the makesin their search for femaes. One group of widdy-investigated pheromones are
oxidized monaterpenes, which control some interactions of bark beetles with host trees (Buyers1989).
Some pheromones which dicit an immediate reponse in insects are called “releasars’ and those which
dimulate long term responses are called “primers’. A primer pheromone caled locustol when released
among locudts simulates a transformation from solitary to group form.

None of the pheromones discovered to date are toxic to vertebrates and some are even used as
cogmetic bases Mog are highly volatile and must undergo controlled release when used commercidly
to maintain perastence.

Karomones are chemicals used to communicate between species, in which the “messages’ are of
benefit to the recaiving species —for example plant volatiles which attract insects. Kairomones can be
placed in trgps with toxic chemicals, therefore minimizing the gpplication area of the chemicdl.
Pheromones, kairomones and dlomones are dl termed semiochemicals

Biorational Insecticides

These inscticides interfere with physiologica processes unique to insects such as moulting and
metamorphos's, both under the control of the endocrine sysem. They have no vertebrate toxicity and
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two types of insect growth regulators have been commercidized to dete: chitin synthetase inhibitors and
juvenile hormone mimics. The endocrine controlled moulting and growth in insects have been extenavely
Sudied and many substances have been found which interfere with these processes which were
extracted from higher plants. In addition, phytochemicds such as pyrethreum, neem and rotenone have
along hisory of use, and many other plant chemicals with anti-feedant properties have been isolated.
For example an extract from Ajuga remota, an African tree, completdy inhibits the feeding of desert
locugts at a concentration of 0.06ppm (Kubo, 1. and K. Nakanishi 1979).

Naturd sources for medicines often contain insecticides. Therefore to achieve efficiency of effort,
pharmaceutical testing of BC naturd sources should be piggybacked onto insecticidd testing of the
same substances and their sources. To give but three examples, the most prevaent medicine and
insecticide source in the developing world is the Indian neem tree, Azadirachtaindica. Used for over
three thousand years for medicine and insecticides, thefirg isolaion of the triterpenoid, azadirachtin
occurred in 1967 by E. D. Morgan (Butterworth and Morgan 1968). Azadirachtin isthe most
insecticddly active of more than 70 triterpenes in neem and wasfindly isolated because it was a good
antifeedant againg desart locudts, and this fact revitdised the investigation of non-toxic crop protectors
based on feeding deterrence.

Another example of thisdud natureistdl ail, from which Forbes Medi-Tech is extracting phytogterols
which they sdl as both pharmaceutica and nutraceuticd. Tal oil contains aso diterpene resn acids
which are an effective biocide (ant-feedant) againgt variegated cutworm (Y ongshhou et al. 1993). A
sngle depitching operation in BC can presently produce around 25,000 tons of tdl oil and with a
current price of around US $0.10/kg. Thisis three thousand times less expensve than commercidly
avallable neem extracts

In another case, anextract from the most widely used medicind botanical in Germany, Ginkgo biloba,
has been found to have potent insecticiddl effects againgt brown planthoppers (Niliparvata lugens), a

mgor rice pest.

Asisthe case with biopraspecting for pharmaceuticals among BC natura sources, the search for
biocides will dso be fadilitated firgt by ethnobotanical searching, and given the commerdid necessity of
an on-going avallability of source materia to develop products, the initid searches here should be
concentrated among the other “waste’ products of our forest industry, including seeds and bark,
dudge, ails, and any other wood wadtes.

Given the above mechaniams of plant-insect interactions, 1sman proposes a bioassay Srategy focussng
mainly on the physologica effects againg insects —induding growth disruption, growth inhibition and
aso acute toxicity. Incorporating plant extracts or isolated compounds into dietsis ausud means of
determining whether they inhibit larva growth. “ .. .but because any bicassay where insects are oraly
exposed to test substances does not discriminate between growth inhibition mediated by behavioura
deterrence (i.e., antifeedant effects), positive results need to be confirmed by a separate bioassay (e.g.,
topica gpplication) where the results cannot be confounded by feeding behaviour.” (Isman

unpublished).
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Markets for Biocides

Although the era of chemicalbased pest management isrgpidly coming to an end, biologicd and naturd
controls of crop and timber pests have yet to achieve anything neer their potentid, and the US market
for naturd products which can defeat harmful insects without wresking havoc on humans, animas, useful
insects or S0il is estimated a only around US $250 million, as compared with average annud US
expenditures of US $10-$12 hillion on pest-killing synthetic chemicas (LA Times, May 4, 1998).

Theworld' sbiocide bill isgrowing a aratein excess of fourteen percent per annum (greeter than the
growth of the synthetic pesticide market, which isaround US $32 hillion annudly). Even so thereis ill
alack of public funding, with less than ten percent of the USDA'’ s research stientists and less than ten
percent of their US $745 million annua research budget centering on natural methods of crop
protection. A amilar Stuation prevailsin Canada. At present, botanica insecticides represent only
between one and two percent of the world' sinsecticide bill. Nevertheless at the current comparative
growth rates, biologica and natura controls will entirdy replace synthetics within two and a hdf
decades.

In Canada under the Pesticide Control Product Act, al pesticides (toxic or otherwise) must be
regulated and have a PCP (pesticide control product) number. Such entails acompany expenditure of
between Can. $500,000 and $600,000 in research and processing costs per product to determine
efficacy and safety. One Canadian company applied for a PCP number for aneem based product in
1992 and till has not completed the process.

There are equivaent product introduction cogts in the US but the EPA has recently introduced the
category of “reduced risk pesticides’, which involves reduced expenditures. These matters are andyzed
in the policy sections.

Biocides and Biological Control

Before the ddluge of synthetic chemicas after WWII, farmers generdly used nothing but neturd
methods for crop protection, but once on the market, North Americawiddy embraced neurotoxic
chemicds as a pes-killing panaceaiin agriculture, forestry, and home gardens. As aresult, once
vulnerable pests have developed immunity to many chemicals, and dthough pesticide use in BC has
sgnificantly decreased during the past two decades, farmersin developing countries today must gpply
two to five times the quantities of pegticides to achieve what asngle dosage accomplished in the early
seventies, and excessive gpplications of neurotoxic pesticides have resulted in many documented cases
of anima and human deaths, depleted soil and contamination of drinking weter.

But most botanicd insecticides are environmentaly non persstent and act through being “ stomach
poisons’. They are not toxic to contact but must be ingested by the target insect to work. Thus natura
enemies are not killed through contact with the sprayed flora as usLAly happens with the synthetic such
as pyrethroids.
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At the sametime, big agricultural and chemical companies used genetic engineering tools to develop
plants which can tolerate herbicides such as Roundup from Monsanto Co., and producers of pesticides
have heavily invested in such technologies to ensure an expanded market for their existing chemicals

All of thiseventudly hed effects In 1996, the Environmental Protection Agency in the US, under the
Food Quality Protection Act, diminated the usage of many popular synthetic pedticides, and the US
Dept. of Agriculture and the EPA have stated that by 2000, seventy five percent of dl US crop acreege
must have drategies for “integrated pest management”, indluding methods which prevent infestation plus
biologicad controls to Sabilize peststo acceptable leveds.

Herethereisavariety of drategies ranging from the introduction of natura insect and bacterid
predators of pests, while hoping they will not do worse things, to the disruption of sexud scents called
pheromones to the introduction of nor+toxic phytochemicas which more directly interrupt reproduction
or introduction of soil microorganisms.

These rulings have mativated industry to renew thair investigations of nortoxic phytochemicas, and to
revive old concepts such as “mae digruption”. Mae and femae moths, for example, do not congregete,
but when the femde is ready to mate she emits an odor called a pheromone, which the mae follows.
Hundreds of such sexua scents or pheromones have been identified. Since they are expendveto
synthesize, only about a hundred have been replicated in the |aboratory.

Pheromones may be sprayed onto crops with aerosols and the maes are unable to find the females.
Other drategies use “dtraction semiochemicas’ to lure pest insects to sticky traps and to monitor
populations. Phero Tech Inc. isaworld leader in developing tree baits based on attraction
semiochemicas. These baits work through containing and concentrating, for example, forest bark
beetles within prescribed boundaries. The company aso uses “ anti- aggregation semiochemicasto
reverse mass atack sgnals used by many species. With many host trees, amass attack is required for
peststo overcomethe host' s natural defenses, and naturd antiaggragants can ward off or repd atacks.

Pheromones derived from loca insects, in short, can be used to protect tree species, agriculturd crops,
grain sorage warehouses, greenhouses and feed mills

BC Biocide & Biocontrol Industry

This sector is comprised of ninefirms, four which raise biologicd control agents (insects which atack
pests), one phytodiagnodtic firm, two which are concentrating on pheromones — Phero Tech and a
gartup subsidiary of an Oregon Company, |PM Technologies Canada, and two pharmaceutica
companies. There are dso saverd US companies sling pheromone lure productsin BC and severd
amadl, independent operators which produce pheromone products (for controlling coddling moths for
example). Exduding the two pharmaceuticd firms which produce in this sector dso and for which
revenue and employment figures have areedy been aggregated, thisindustry employs gpproximetely
150 people and had 1997 collective revenues of around Can. $10-$12 million. The indugtry sisits
products and services mainly in the US and Caneda.
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Ancther grategy isto Smply introduce naturd predators of peststo agricultura crops and forests. If the
stock for these naturd predators come from BC wildlands, then they are within the product definition of

this Sudy.

Around the turn of the century until the advent of DDT, Canadawas aworld leader in the development
and use of biologica controls. Today Applied Bio-Nomics of Sdney isinvolved in the rearing and
reseaerch of biological control agertsfor usein agricultura crops and has concentrated on predatory and
parasitic species of insects and mites. Together with another BC company, Nature s Alternative, they
currently raise about eighty percent of dl contral insectsin North America. Both companiesget most of
their sock from BC wildlands. Other BC biocontrol companies include Coast Agri and Kopert
Biologicas, alarge European multinationa with operationsal over North America

In other deveopments, AgraQuest, a Cdifornia sart-up hastwo naturd product fungicidesin the
pipeline to be released onto the market within two years, designed to control brown rot, gray mould,
brown rat, mildew and other fungd invaders of Cdifornia s fruit, vegetable and nut crops. They are
anticipating aworld market of US $50 million for these two products done. (G. Myers, persond
communication). AgraQuest is three years old and its only commercid product & the present timeis
Laginex, which kills mosguito larvae and which was founded on  an extengive search for promising fungi
and bacteriain soil and lichens

In short, emerging biocide technologies indude: new commercidly sgnificant products containing insect
juvenile hormones, insect pathogens such asBacillus thuringiensis, the biochemicd pheromones
described above, insect viruses, predatory wasps and nematodes, naturd plant growth regulators,
microbid toxins, semiochemicas and naturd plant extracts.

Since these new biopesticides have generdly highly specific gpplications, potentia sales of each new
product is quite redtricted compared with sdesfor atypica synthetic chemical, and many biocides are
required to metch the sdles of asingle synthetic chemicd.

BC Biocide and Biocontrol Research Effort
Most of the research effort here has occurred in the public sector. In BC the following research projects
are on-going:

J. Borden, G. Gries, K. Sessor and their colleagues at SFU’s Centre for Pest Control are currently:
usng GC-EAD technology to identify bark compoundsin Sx species of non-host trees —Populus
tremuloides, P. trichocarpa, Betula papyrifera, Alnus sitchensis, A. rubra, and Acer macrocarpa -
which are potentid repellants of bark beetles, termind weevils, ambrosia beetles and various pecies of
cerambycid and buprestid woodborers. They are usng Smilar methodology to identify hogt attractants
of termina weevils and woodboring beetles, and conducting field experiments testing the ability of nor
hogt volailesto inhibit insects from responding to atractant-baited trgps.

This group is concentrating on the identification of new pheromones of insect pests of forests, seed
orchards and nurseries and determining the efficacy of non-hogt voletilesto protect trees and logs from
insect attack. The group is aso providing on-demand research with a variety of companies—manly
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concentrated in the areas of developing operationd protocols for the use of repdlant nonhogt volatiles
in managing forest pests and developing new tactics for the use of atractive semiochemicasto
meanipulate insect populaions.

The group has recently completed three years of fidd experimentsin which pheromones of two bark
beetle pecies, I ps tidens and Drycoetes affaber, were successfully used to cause competitive
exclusion of gpruce beetles. Spruce beetles and western balsam bark beetles are ared threst to old-
growth sorucelbdsam forestsin the interior. These forests must be preserved for minimaly three
decades before second growth forests are large enough, and severd forest licensees are congdering
the use of semiochemica-based containment and concentration programs before logging, so the
beetles are pre-removed from the forests.

With the discovery that nonhost voletiles could act as repellants, plus the discovery of new attractants
for some beetle spedies, the group is dso atempting to implement a push-pull tactic for beetle
management.

Spedificaly the group isdso involved in identifying the sex pheromone of lygus bugsto crestea
synthetic hormone available for pest control in BC nurseries; identification, testing and development of
the aggregation pheromone of the western conifer seed bug, Leptoglossus ocidentalis, an invader of
conifer seed orchards; determining bioactive condtituents of ord exudates of larvd western soruce
budworms, Choristoneura occidentalis, to seeif they can be used as a behaviord disruptant of pedts,
and identifying the aggregation pheromone of Trypodendron retusum, which displaces T. lineatum as
BC s mgor anbrosa beetle pest in the north.

The group is collaborating with Phero Tech. Inc., using coupled gas chromatographic-
electroantennographic detection (GC-EAD) technology to speed the isolation of semiochemicas for
peticides for Six species of bark beetles, two species of termind weevils and species of woodborers.

D. Gillespie, and his colleagues at the Pacific Agri- Food Research Centre in Agassiz have been
investigating natural enemies of twospotted spider mitesfor biologica control for severd years (Gillespie
et al. 1997). Biocontrol of insect pests and mitesin vegetable greenhouses traditiondly hasrelied on
releases of sngle naturd enemies for each pest. However, these researchers have found that Orius
tristicolor and Orius cucumeris can be effectively used Smultaneoudy for biological control of western
flower thripsin greenhouse vegetable crops. This group and colleagues (Gillespieset al. 1998) have
aso found that the predatory gdl midge, Feltiella acarisuga, gathered from the Fraser Vdley, wasthe
most promising candidate of avariety of predators examined for biologica control of spider miteson
tomato crops. As part of this multi-year research project, the authors collected and examined more than
1,500 specimens, representing 22 species in saven orders and fourteen families of predators of spider
mites. The objective of this research wasto sdect other natural enemies of mites which could replace
Phytoseiulus persmillis which isineffective on tomato crops.

Robb Bennett of the BC Minidry of Forests has been examining the management of insectsand
diseasesin conifer seed orchards through pheromone identification of the Spruce Seed Moth, (Cydia
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strobilella) and the Douglas Fir Fitch Moth (Synanthedon navaroensis) (Bennett 1997). Thisresearch
team has a0 been examining non-host kairomones, andyzing voldiles from deciduous trees, including
trembling aspen, paper birch, black cottonwood and broadlesf maple. They have found that such
compounds may be utilized to repd the Spruce Seed Moth.

Bennett has a so been examining the role of nematodes for suppressing cone maggots in White Spruce
Seed orchards through researching the persstence and efficacy of the entomopathogenic nematode,
Seinernema feltiae srain 27 in suppressing the soil- based cone maggots when nematodes are added
in mulch and placed in the orchard (Bennett 1997a).

D.Quiring and J. Sweeney have dso been evauating the potential use of marking pheromones by cone
meaggotsin BC seed orchards (Quiring and Sweeney 1997) and S. Shamoun and ateam from the
Pecific Forestry Centre in Victoria have been investigating the use of two funga paragites
(Calletotrichum gloeosporioides and Cylindrocar pon cylindroides) as biologica control agents of
hemlock dwarf midietoe (Shamoun et al. 1997).

J.Carlson of Phero Tech Inc. isresearching improved pheromone tree bait for the Western Balsam
Bark Beetle (Carson 1997). This beetle, (Dryocoetes confusus) isthe most destructive insect pest of
subdpinefir in BC and in assodation with a pathogenic fungus, Ceratocystis dryocoetidis, vectored by
the beetle, is respongble for the loss of millions of cubic metres of timber in BC' s high devation, interior
gands. Tree mortality losses between 1948 and 1975 have been esimated at 15 million cubic metres by
(Stock 1981).

Anti-Phytovirals

Beyond pests, plant diseases, just as human diseases, may be combated with forest-derived
ubgtances, and Christopher French (Agriculture Canada at Summerland), Delano James (Centre of
Fant Hedlth a Saanich) and Nell Towers of UBC areinvolved in research using anti-vird compounds
extracted from plants and fungi for the diagnosis and control of plant vird diseases. (French and Towers
1992, Jameset al. 1996).

To date few BC forest gpecies have been examined as a source of inhibitors of plant viruses. But James,
Towers and French have identified saverd phytocompounds which are partidly effective in inhibiting
vird diseases of commercid crops such as potatoes and fruiting trees, and it is expected that BC forests
will yidd additional compounds.

Presently the main commercid anti-phytovird isasynthetic cdled ribaviran, which is mainly used to
eiminate viruses from infected clond breeding gocks. There are presently no practicd, chemical
controlsfor vira diseases of food cropsin the fidd, and world estimated losses from plant vird

diseases, basad on extrapolations from Waterworth and Hadidi (1998), are gpproximatey US $i5 hillion
annudly.

This BC research effort on identifying naturaly-occurring anti-phytovirals which can ether diminate or
serioudy inhibit plant vird diseasesis concentrating on flavonoids, alarge, diverse group of compounds
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found in al plant species except dgee. Havonoids have wel-known antivird activity againg arange of
animd viruses. Quercetin, for example inhibits herpes smplex virus, pseudorabies virus and Mengo
virus-induced encephditis. (Beladi et al. 1977) and 3-methoxylated flavones inhibit both poliovirus and
rhinoviruses (Cadtrillo et al., 1986). But the latter group of viruses resemble plant comovirusesin both
Sructure and genome organizetion.

French, Towers and James have examined the effectiveness of severd flavonoids as antt-phytoviras,
concentrating on derivatives of quercetin againg tobacco mosaic virus (French et al. 1991) and potato
virus X. Also, supported by an NSERC drategic grant, this group has investigated two additiona
viruses from different vird taxonomic groups: tomato ringgpot nepovirus and gpple em grooving
capillovirus. The group tested the dfectiveness of forty eight flavonoids againgt the infectivity of ringgpot
nepovirus and found thet twenty seven of these had antivira effects, the mogt effective compounds being
quercetin and ombuin. (Mahotraet al. 1996).

The group aso has tested the hypothesis that a combination of thergpeutic agents such as flavonoids and
ribavarin might prove more potent than a 9ngle anti-vira agent. (Ribovarin is abroad spectrum antivird
compound with activity againg arange of animd and plant viruses but which has the disadvantage of
phytotoxicity when used done). The group found that a combination of quercetin and ribavarin
successully diminated the gpple sem virus from infected apple meristem tip cultures, and thet
quercetin, which has no inhibitory effects aone, sgnificantly enhanced the anti- phytovird effects of
ribavarin as used in combination. Samples trested with ribavarin/quercetin tested negative after culturing
on plain medium without antiviral compounds for severd months, This gpple virus is one of the most
difficult to diminate and this success shows condderable potentid for other fruit tree viruses. An
additiond benfit of thiswork was the production of vird antibodies which can now be utilized for

diagnostic purposes.

Building on the above work, this group is attempting to entirdly iminate tomato ringspot virus from
tissue cultures and produce virus-free plants, and to screen other anti-vird compounds, such as
chacones (ancther type of flavonoid) againgt nepoviruses (Jameset al. 1997).

In summary there are presently no effective anti- phytovird chemicals commeraidly available in the world
which can diminate viruses from plants or trees growing in the field, and invedtigation of BC wildlands
substances could possibly yidd antiviral agents and nove diagnostic tools to determine the presence of
virusesin potato plants, fruit trees and ornamentd trees. Compounds which can diminate viruses from
propagetion materid which has been contaminated would financidly benefit exportersto meet the

phytosanitary specifications of the importing country.

There are no BC firms currently producing anti-phytovirds, but if compounds can be found which can
diminate viruses from infected plants and trees growing in the fidd, the annud world market would be
gpproximatdy US $8-$10 hillion within two years. The Ginseng Growers Assodiation of BC is building
an herba processing fadility in the Kelowna areawhich will be sophigticated enough to extract
flavonoids and has expressed interest in 0 doing. Of dl the non-timber forest indudtries, this sector
involves the highest risksin terms of product development and largest potentid payoff. The smdl BC
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research effort should be rapidly expanded through more generous funding.
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Part Il . The Economic Strategy

Introduction

The nonrtimber forest indudtries reviewed in the first part of thiswork employed amost 32,000 people
in BC on aseasond or full-time basis during 1997 and were responsible for direct corporate revenues of
approximatdy $280 million and provincid revenues in excess of $630 in that year. These indudtries
were: ecotouriam, flord greenery, wild food and medicind mushrooms (or mycomedicinals),
pharmaceuticals and nutraceutica's from plants, bark, lichens, wood waste and soil organisms, biocides
(non-toxic insecticides) from the same sources, anti-phytovirds (medicines for plant diseases) and
wildcrafting (foraging) for medicina botanicas This figure of $280 million does nat include the revenues
from native plants taken for rehabilitation, restoration and ornamental purposes nor does it include
revenues from BC's manufacturers of herba medicines and food supplements (Since they presently use
s0 few indigenous ingredients). The figure dso does not indude sales of essantid ails usad in perfumes
and aromathergpy —both sgnificant growth areas. The Europeans, for example, have large plantations of
Stka spruce, Grand fir and Douglas fir from which they extract ails for perfumery. The annud revenue
growth of these indudtries varies widdy between and within sectors, ranging from yearly averages of
around 10%-12% for some of the wild food mushroomsto in excess of 30% for severd of the
nutraceutical manufacturers.

When BC exports are andyzed, it is often noted that resource based industries generate in excess of
three quarters of our merchandise exports and that we need to facilitate economic diversfication so thet
BC becomesless dependent on resources as sources of export earnings.

We are suggesting that BC become even more dependent on resources for export earnings
through aggressively supporting the development of these emerging indudtries. These resources are not
our “dependence’. They are our compar ative advantage. Severd of the emerging sectors detailed in
Part | such asnutraceuticas, phytopharmaceuticals and biocides, are, infact, knowledge-based
resource industries.

Some of these industries use advanced technologiesin thair discovery and manufacturing processes
Some are very lowtech. It does not metter, because most of them gether or manufacture compar ative
advantage productsfrom BC and the Pacific Northwest in generd.

Our drategy then has two parts — rengthening the international competitiveness of our traditiond forest
indudtries, (mainly through smarter tree growing on asmaler land base) and smultaneoudy fadlitating
the emergence of these new indudtries which are generdly based on ingredients in under sory plants,
lichens, insects, bark, soil organisms, fungi and other floraand fauna, and which until now have been
generdly ignored.

Thel997 provincid revenues from these nontimber forest products and services are dill smdl

compared to those for timber and pulp and paper. However if we conservatively assume thet collective
revenues grow by afactor of ten over the next decade, then they will account for in excess of athird of
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thetota forest-derived revenues as computed at pre-recesson market prices and export levels.

Over the next decade there will be an exploson of emerging products and services from BC' sforests—
genetic materid for fooddtuffs, biocides, naturd medicind bases, new denta products, spermicides and
non-toxic contraceptives, resins, gums and camphors, cosmetic substances such as bases for face
cream, perfumes and hair tonics, preventative healthcare products such as the tsunami of nutraceuticals
coming onto the US market, ecotourism, crop protectors such as insect exudates which repd birds,
chemicd detoxifiers for both industria processes and humantissue, new building materids modeed on
naturaly- occurring forms and structures, medicind mushrooms, anti- phytovirds, and
phytopharmaceuticas for humans and animals. People will dways need to build, but timber will be only
one of these products.

During 1998 BC straditiond forest industry logt an estimated $350 million, the third consecutive lossin
three years. All sectors of the industry are now losing money, and during 1998, ten sawmills, one
plywood mill and one pulp mill dosed ather permanently or indefinitely, throwing 16,000 people out of
work. Predictions of the Council of Forest Indudtries include an additiona 13 sawmill dosures during
1999, with estimated further job losses of 10,000. (Vancouver Sun, December |, 1998).

The current recesson in BC' straditiond forest indudtriesis aresult of regtricted US softwood mearkets,
recess ons throughout the economies of Ada, low commodity prices, risng costs and regulations. Bt it
aso presages two dructurd shifts occurring within theforest economy itsdf —a shift from the
exploitation of old growth timber to (hopefully) knowledge-intensve cultivation and production of
secondary growth on asmdler land base, and a shift into the emerging product and service arees
portrayed in Part |.

Aswe run out of old growth forests and as harvesters push into remoter areas, wood codsrise.
Between 1992 and 1997, BC sumpage fees increased |60 percent and logging costs more than doubled
due to increased codts of logging remote areas and other factors such as the introduction of the Forest
Practices Code. Aswood costs have increased, corporate profits have plummeted and currently the
costs of capitd in the forest industry exceed the sector’ s profits by around Can. $700 million annudly as
averaged over asingle busness cyde. (Price Waterhouse 1997).

At the same time, the higher prices for BC products to cover higher production costs have encouraged
amovement away from our conventiona wood-based products. One andyst (Binkeley, 1997) givesthis
example: “The high cost of solid-wood posts manufactured from old-growth coastal hemlock caused
the Japanese to develop afive-ply, glue-laminated subgtitute that could be manufactured from chegper
second growth trees, Now that their housing industry hes adgpted to this new technology, it isunlikely
to return to the traditiona BC product, even if the pricefdls” The rise of subdtitute products and of
wood from emerging regions, in other words, restricts price increases for our traditiona wood
products. In fact some of our traditiond forest indusiries may never return to their former vigour.
Throughout the tropica part of the world there are pulp mills coming on line which are based on
European advanced technologies, driven by low wage professond labour and which process very fast
growing species. How can Skeenaand other BC operations compete with these?

Shiftsin economic production can be either embraced, ressted or ignored. As we recognize these shifts,
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wemus use emerging biotechnologiesto produce more timber on asmdler land base and at the same
time free large wildlands areas for the tended cultivation of the bases of these emerging forest products.
It has been estimated  that with improved slviculture BC could produce around 100 million cubic metres
of timber (compared to a current dlowable cut of around 70 million) on only aout one third of our
productive forest land (Vancouver Sun, December |3, 1997). Using this gpproach, BC would have an
arealarger than Itdy to employ for these other purposes. Thiswill be agradud process, and the main
mechaniam faallitating the shift involvesthe introduction of cultivation forestsinto the present land
tenure alotment. These are discussad in the following sections, which first andlyze sectord Strategic
measures and then pass onto generd tax and fiscd incentives which should be goplied to dl industries
highlighted in Part 1.

Pine M ushrooms

Given the growth potentid for pines from BC, the generdly underdeveloped Sate of the industry, a
continuing strong price in spite of the Japanese recession and an expanding market, the provincid
government should move aggressively to economicaly deveop the pine mushroom resource.

The provincid government can enact measures in support of both increasing the demand for, and supply
of, BC's premium pine mushroom, T. magnivelare. These measures can affect product qudity, export
volumes, product price and market Sze. For example we have seenin Part |. that at leest part of the
price differentid between Canadian pine mushrooms and those of Japan and Korea is accounted for by
the fact thet in the latter two countries, pines are farmed in cultivation forests under stringent conditions
which indude contral for insect infestation. Pine mushroomsin BC are atacked by severd species of fly
larvae and the subsequent discard rate by buyers down the lineisamgjor factor in our comparetively
lower prices. One evident solution to supporting price increases for the BC product would be to seek
biologcd methodsto contral larvd invasion of pinesin the fidd. On the other hand, little is known about
therole of fly and insect speciesin spreading the spores of T. magnivelare, and until these metters are
understood, such control measures could prove disastrous. However achegp, portable detection
technology which could be used by both pickers and buyers to determine infestation would go along
way toward improving customer perception of the qudity of our pines and hence toward price increases
in Japan for our product. The government should consider partid subsidization of such development
cogtsor a least fund atechnica feashility study.

In spite of a large potentid BC land base compared for example to Korea for the cultivation of pine
mushrooms, the indudtry is nascent here in rdaion to that smal country’ s production, and the entire
Pacific Northwest export of pines reached around 500 tonnes only in 1995. In agood year, Korea
exports over 1,000 tonnes. Secondly, infragtructure investmentsin pinesin rdlevant aress will
ubstantialy increase the vaue of gands with margind vaue timber; for example, sands of coastd and
apine lodgepole pine are gppropriate for pine mushroom cultivation forests and not much ese
commerddly.

The continuing buoyant prices paid for BC pine mushrooms in Japan during 1998 in spite of the
economic recesson in that country show how deegply ingrained in Japanese culture is the autumn
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consumption of pine mushrooms and illudtrates how people, even in times of scarcity, are not willing to
relinquish this very expendve but traditiond culturd and culinary experience. Given the American middle
class s penchant to adapt Japanese culinary themes, it is aso reasonable to assume that the Japanese
market saeswill be gradualy augmented by increased US consumption of pine mushrooms.

The BC revenuesfor pine exports to Japan plus other wild mushroom exports are currently around
Can. $45 miillion in agood year and through volume, productivity and quality incresses, these revenues
could easily increase by afactor of five to Sx to around Can. $250 annudly. Productivity and volume
increases entall gradudly setting up dedicated pine mushroom cultivation forests, increesing the aressin
which pickers are dlowed to collect, extending the areas where pines fruit, and mogt of dl emulating
some of the technologiesand  techniques used in the cultivation forests and experimenta research arees
for pines and mycomedicindsin South Korea, Chinaand Japan.

Adaptive Resear ch Effort

Much gpplied research has dready been doneon Adan Sster species of our pine, and our research
effort in BC should concentrate on adapting these technologies and agroforesiry techniquesfor BC
conditions and species— beginning with pines and truffles, given their high unit prices. In both
Washington state and Oregon, farms for fir Christmas trees are inoculated with truffles for joint
Chrigmas tree and truffle production. Smilar businesses should be supported here.

The Adan cultivation techniques in pine mushroom forests include cutting shrubs and selected treesasa
fores gets older to guarantee sufficient aeration and sunlight on the forest floor, changing the litter
thickness and adding wood pulp wadte, artificid irrigation tunnels or small plastic hoods over colonies of
pines (caled shiros) to contral soil humidity and temperature, pest contral, fertilization, and a host of
other technologies to entice increased pine production intsitu Thisis caled agroforedtry -- growing
better what grows there dready or growing new florain the forest.

Widespread throughout the world, agroforestry would include both cultivation forests dedlicated
exdudvey to pine maximization and cultivation forestsin which both timber, mycomedicinds and pine
mushrooms are grown and harvested in complementary ways.

The cultivation forests of Japan, Koreaand China offer avallable, successful commercid models,
technologies and techniques, many of which can be adgpted for qudity and volume increases of BC's
pine mushroom and mycomedicind harvest. To our knowledge, in spite of the potentid vaue of this
informeation resource, no one from the Ministry of Forests has visited these operaions, therefore, the
provincid government should direct the chief mycologica expert associated with the Minigtry to conduct
tours of the cultivation forests and pine mushroom research facilities in Japan, Chinaand South Korea
Emerging from these tours, the Minigtry should publish an initid smple language documert amed at
buyers, exporters, growers, pickers, and new ventures describing the techniques and technologies
successfully used with related speciesin Asaand associated productivity gains, the gpplicability of
these techniques for BC conditions and species, and specific agricultura techniques to maximize pine
production here. The Minigtry should then initiate a program of adaptive research designed to increase
pine mushroom production in BC and contract much of it out to the private sector and research
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inditutions.

In summary, snce dmog dl the pine mushroom research has been performed on Asan species, the
provincid government should fund effortsto (1) adgpt the Agan agroforestry techniques and
technologies for pines and mycomedicinds to BC species and conditions and (2) initiate new colonies of
pine mushroomsinto barren forests or plantations, thereby extending the area producing commercia
harvess For example, one line of research here isfocusing on usng plants colonized by pine
mushrooms such as conifer seedlings for these purposes. (Wang in preparaion, Berch 1996a, Fogarty
1999).

At the sametime, we gill do not know yearly numbers and masses of pine mushrooms or
mycomedicinas growing in BC; thus research is also necessary to crestebasdline estimates of fruiting to
ensure that harvests are sustainable. These adaptive research areas hold the grestest potentia for new
jobs and products.

Set Up Cultivation Forests

In order for this lucrative mushroom industry to flourish, it must be practicaly recognized through
incorporaion into overdl forestry planning The government should introduce on agradud bas's, both
cultivation forests excdusively dedicated to pine mushrooms and those dedicated to the joint
maximizaion of pines timber and mycomedicinas, and make these commercidly available, under a
vaigly of arrangements, (incdluding competitive bidding) to awide variety of concerns—anging from the
private sector to community forest projects. (Presently the only crown lands with tenure over non
timber forest products are the new community forests). Cultivation forests should be initidly sdected
from areas of highly productive pine ands, and when possible, these cultivation forests should be
individualy connected through corridors linking  bottoms of valeys with dpine ecosystems (S. Gamiet
et al. 1998) Adaptive research on Asan pine productivity techniques should be undertaken in these
cultivation forests but this research should, in any case, begin immediatdy in designated crown land.

Even if tended, the pine productivity gradualy dedines asforests age, but even o, in cultivation forests
st up for joint timber/pine maximization, the following principles should be fallowed: (I) the length of
rotetion of the timber harvest in these comparatively small areas should be extended to exceed the
period of red pine mushroom productivity. Clearcut rotation periods should beincreased from the
current 100 yearsto 250 years, (2) only smal groups of up to ten trees, should belogged, thereby
retaining around 70% of crown cover, dlowing in filtered sunlight but not changing moisture and
temperature levels a the ground; (3) use group selection to leave smal canopy openings of 0.05to0 0.25
hectare which are optimd for pines and space these about thirty years gpart to permit regeneration; (4)
When openings are dearcut, about a quarter of the full stand structure should be l&ft in patches (S,
Gamiet et al. 1998). Many other effective agroforestry techniques and technologiesfor pines and
mycomedicnds are avallable from the Adan cultivation forests.

In cultivation forests dedicated to joint timber/pine production, one mugt dso ensure that avariety of
large, old trees are retained to act as hosts for sgprophytic fungi, induding pines and some of the
mycomedicinas suggested in FHgure 7.
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Support Private Sector Marketing in Japan

The provindd government should aso seek to increase the demand in Jgpan for BC pine mushrooms
through increasing consumer avareness of the products existence and qudity. A provincidly-funded
exhibition of industry participants touring four or five smdler Japanese citieswould receive extensve
nationa and locd televison and media coverage and be generdly wdl-attended. This should be
repested about every four to five years

Stemage

The setting up of cultivation forests for pines, using these for adaptive research into productivity
increases and making these cultivation forests available to the private sector on avariety of
arrangements forces usto rethink the notion of land tenure and to introduce the idea of “ stemage’-- the
forest botanicd equivaent of sumpage-- asmdl amount paid to the provindd government per unit of
forest botanica gathered from Crown land. Eventudly it will be appropriate to st up a system for
botanica semage, but given the nascent nature of the non-timber indudtries, the government should
forego such revenues for adecade or more.

Smilarly owners of private lands merit compensation for the granting of collection rights to other parties.
It will be difficult to st fair market prices for sdes of permits or longer term leases because many
hidden cot factors are involved and we have little experience. But revenues to the provincid
government shoud at leest partialy cover the cogs of tracking and management. With respect to land
tenure, in South Korea, most pine mushrooms are cultivated in privaidy owned forests, and in the US,
there s open access, with some forest jurisdictions charging small access or picking fees, (which have
generdly provided inconsequentid revenuesto tracking or consarvation efforts). However darity and
security of access with respect to the cultivation forests are necessary to ensure the levels of investment
eventualy needed.

Track the Resource

Given the potentia value of thisresourceto BC, the gathering and sales of pine mushrooms should be
tracked; there is currently no way to obtain comprehensive data; therefore, the main suggestion of the
Fine Mushroom Task Force of 1995, that buyers of pines from crown lands be licensed, should be
immediatdly implemented. A condition of licenang should be the weekly provision of thisinformation:
the species bought; date of purchase; the weight and grade purchased; the price paid per grade, and the
buying stetion location. . Mogt buyers kegp this type of information anyway, and to lessen the deta
burden, thisinformation could be summarized over weekly periods. A fee should be charged to
purchase the license with gppropriate fines for noncompliance, and the government’ s objective should
mainly be obtaining this tracking data. As the problems with licensing are ironed out, the system should
be gradudly extended to buyers of other forest botanicas from BC.

Help the Private Sector Build Local Processing Infrastructure

The provincid government, through its agricultura and technology support programs, should hdp the
private sector to build pine processing and preparation fadilities near some of the pralific gathering
aress, darting with the north-west region. The better paying jobs here and thase which can provide
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vaue-added employment to poor regiond economies involve processing and marketing of mushrooms
and not just their harvesting, which is often seasond, low-paying and devoid of benefits. One mgor
factor limiting the further growth of the Nass region indudtry is the alasence of proper processing
fadlities. Snce much of the gathering is done by trangent efforts of large Vancouver-based companies,
mos wedth produced by the industry leaves the community, thus hampering the ability of northern
businesses to generate jobs. Both primary and secondary processing of pine mushrooms can be done
locally, directing job benefitsto local communities and firgt nations. Eliminating infested produce, raw
materids handling, processing for specific orders, preparing shipments for ddivery and such can dl be
done more efficiently localy with the proper infrastructures, and locd processing could shave ahdf day
off of the trandtion time to Japan and further enhance product freshness, amgor price factor. While
these are lower- paying jobs and often seasond, expanding the infrastructure for pine processing to
mycomedicinas would creste a new job source for smdl rurd communitiesin severd partsof the
province,

Typicdly in the Prince Rupert Forest Region pine harvest, the mushrooms are trucked to the Terrace
arport for shipment the next day to Vancouver. An overnight wait in such unrefrigerated conditions
resultsin further spoilage. If the day’ s harvest istoo large, the overflow is shipped to VVancouver by
refrigerated truck, atwenty four hour trip which adds an entire day to the generd four day trip from the
Nass to Japanese consumer. But each day’ s delay resutsin an eight percent weight reduction from
moisture loss and the mushrooms' flavour, texture and odour further decline.

Upon ariving in VVancouver, the mushrooms are taken to a processing plant where they are ingpected,
re-graded, cleaned, sorted and weighed into one and two kilogram baskets. They are then trucked to
the arport and shipped to Japan. Performing dl of this processing localy and direct shipping -- Terrace,
Vancouver arport, Japan -- would congderably lessen trangt time.

In addition to the proceduresinvolved in processing fresh pine mushrooms, there are other forms of
processing which should dso be locdly done such asfreezing, drying or sdting in brine and which will
enable BC producersto capture alarger share of the retail markets. Such loca processng will aso
dlow acatan flexibility in the timing of the harvest and minimizes the westher condition risks. But most
importantly, to re-emphasize, the more processing done locdly, the more jobs will be provided for locd
people, induding firg nations. With the ratification of the Nisgd a Agreemert, this nation will own haf of
the pine mushrooms in the Nass Vdley. Neghbouring first nations are lobbying for an even grester
percent of the surrounding valeys pine mushrooms, and the Gitxan Strategic Watershed Andyss Team
(the Eagle Clans of Kitwanga and Hazdlton) has been mapping mushroom harvest Stes and examining
effects of current forest practices on pinefruiting in their traditiond territories. Also the Wilp SaMaay
(Ksan Nation) have been trying to set up a cooperative for pine harvesing. Many fird nationsin the
north-west region are trying to understand how to maximize revenues from pine mushrooms on
traditiond land, and locd processing fadilities would serve the needs of both communities.

The comparative advantage of BC exporters of pines over the main competitor countries of South
Koreaand Ching, liesin the fact that our fruiting season sarts earlier and lasts longer —from Augugt
through December. Thus Canadian products appear a atime of scarcity and because of thelong



season, BC exporters can better control production costs and sdll during the December holiday season
(big in Jgpan) for high prices.

With down line processing, the market potentia for pinesis grestly expanded with specidty, high end
pine box enclosad gifts, specidty grocery stores, Adan food processing companies, and Adan arline
meds. Also with further down line extraction of volatiles from pines (which can be taken from the
wedtage which is currently thrown away) afurther layer of additive markets opens up such asliqueurs
with pine extract, pine extract flavoured besf jerky and many other food stuffs which Japanese and
other Adan cultures enjoy with pine flavouring.

Nutraceutical and Medicinal M ushrooms

Thewildlands of BC are abundant with nutraceutical and medicinad mushrooms which could be
gathered, cultivated in-situ in the forest, perhaps injected into new areas, and sold in varying forms—
fresh, dried, extracts, products. The current world market for such mushrooms is gpproximately US 3.3
billion, mainly in Ada, (comparedto Can. $45 million in sdes for BC wild food mushroomsin agood
year). To compete with low cogt producersin other countries such as Ching, BC should develop a
“Made-in-BC’ brand name with a reputation for prigtine, fresh, organic produce and sdll anywhere, but
mainly into Jgpan and the US markets. In these markets, fresh produce in its neturd form fetches the
highest prices. A fungus such as Chaga (Laeti por us sulphureus) can be stored for only 9x to nine
monthsin prepared form and Sx weeks or so in naturd form. Extend the storage or shipping time more
and price plummets.

Of dl the gpecies suggested in Figure 7, we need to know which will prove to be the most economicaly
vauablein the markets of Japan and the US over the next few years, and of these, the species
biologica productivity, the species reactions to harvesting techniques and the best harvest practices, the
processes acoording to which the species grow, timing of optimal harvest and sudtainable harvest leves.
(Virtudly dl of theseissues are being examined for pine mushrooms by Oregon's Forestry Reseaerch
Sation, which iswhy, in the context of pine mushroom research, we have suggested that thiswork not
be duplicated but rather thet BC researchers mainly concentrate on adapting agroforestry productivity
techniques from Asan operations for pines). Severd of our Canadian mycomedicinds such as
Ganoderma applanatum and G. tsugae may contain eguivaent thergpeutic ingredients as such Asan
“best-sdlers’ as Ganoderma lucidum, and could therefore be promoted world -wide asthe BC
Reishi. The government therefore should fund laboratory analyss of the ganoderic acids, triterpenes,
polysaccharides and other ingredients in sdected BC medicind and nutraceutical mushrooms and, since
consumer awareness of research partidly drives markets, help popularize the results.

In generd, this marketing and investigatory srategy should be adopted across a wide range of forest
botanicals and not merdy mycomedicinas Filz and Moalina (1996) write “ Given the receptivity of the
American public to innovations in consumption and marketing, the exatic traditions of other countries
might provide marketing anglesfor culinary, medicind, and horticultura commoditiesin North America
or offer new markets for products abroad. Species such as serviceberry, madrone, dogwood,
hawthorn, wild rose, dderberry, mountain ash and viburnum have reatives native to Europe and
temperate Asathat dready are widdy used’.
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The Commons and Cultivation Forests

The nutraceutica and medicind mushrooms are less known than the pines. Unlike pines, it may bethe
case, for example, that some of these gpecies cannot be sustaingbly harvested on an annua basis. The
nutraceutical and medicina mushrooms raise the problem of the commons We are currently treating
non-timber forest products such as pines as if they were nontmarket goods. They are market goods and
it is ressonable that the provinda government eventualy collect asmall fee from each unit volume or
unit weight of forest botanicas gathered on Crown lands.

The problem of the commonsisthis: If asingle group of harvesters cannat plan dl the harvesting
activities on asingle sand or piece of land, then one loses any incentive to sugtainably harvest, because
other people will continue harvesting after the firgt group has finished. This problem does not arise with
pine mushrooms because mogt available mushrooms are taken and pines fruit the subsequent year
anyway. Thisisthe Sngle mog crucid issue of developing forest botanicd indudtriesin BC and one
addressad by introducing cultivation forests into planning. Presently in BC we have consarvetion forests
(parks) and areas used for timber in various ways. The former are meant to be absolutely naturd aress,
exdudve of dl commercid development, but unless we introduce athird category, cultivation forests
dedicated to the enhancement of commercidly vauable forest botanicals, our understory plants and
fungi arelikdy to belost in the timber harvest.

Cultivation forests, beginning with pines, nutraceutical mushrooms and mycomedicinds, and
administered through a series of forma leaseswhich have boundaries dearly specified, are a necessary
fird gep in long term economic management of BC forests Many of the nutraceuticals and
mycomedicinds will thrive in the pine cultivation aress, or it may be the case that techniques for pine
enhancement harms some of them.

In summary the notion of cultivation forest involves the assgning of cugtodia harvesting rightsto a
designated extractive reserve for asingle resource or related resources for a specified period. If
cultivetion forests are rented only to companies with the financia resources to develop these and with
the objective of maximizing governmenta semage fees, wildorafters and rura people will not bethe
oneswho get the leases and will be excdluded. Sinceit is part of provindd palicy to try to diversfy poor
rural economiesin BC, below-cost leases for some of the cultivation forests should be reserved for loca
smd| businesses, community forest groups and specid forest products cooperatives, which should be
supported through avariety of means. Coops encourage entrepreneurship among loca peopleswho
have been exduded from deved oping and marketing products.

At the same time, wildcrafters will continue to gather on ordinary Crown forest land and planning must
recognize that many forest botanicas cannot be gathered annudly and Hill have commeraid yidds. For
some spedies, it istherefore reasonable, as noted, to stagger gathering privileges in a specific region for
two to three years. All of this presupposes we know agreat ded about the biology of wildlands
botanicas. We actudly know comparetively little, even about the well-established wild food
mushrooms. Washington State, for example, lost the German market for chanterdlesmorethan a
decade ago when there was asudden, unexpected collapse of the stock one year. Repid inventories,
then, should be done of BC's stock of selected nutraceutica/medicind mushrooms and other medicina
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botanicas. If we do not know how stock levels are going to change, forest managers cannot implement
adaptive drategies to produce sustainable levelsto argoidly deveoping market. These managerswill
have to make day-to-day decisons concerning alowable harvest in a certain region, number of
foragers permitted there, length of the cdlection period, and rdated matters. The demand for these
myconutraceuticals and mycomedicinas will arise as suddenly as the search for yew bark swept BC.
We aretotdly unprepared.

Wildcrafting of Medicinal Botanicals

Given the amdl number of commercid collectors, the divergity of the resource and rising prices, this
sector can only grow. Since unlike the case with mushrooms, the entire plant is taken with many
medicind botanicals, the main danger is Stripping a gpecies to extinction.

In terms of controlling quantity and qudity of the harves, it is cartainly preferable to grow medicind
botanicals (or fungi) ether on agriculturd land or in situin the forest (agroforestry) than to forage for
them. A. Gunner (1998) has recently produced a manua for growers of medicind and arométic plants
which can be grown in the Interior of BC. With each species discussed, Gunner has provided
information on world production and demand, cultivation techniques, processng methods, active
ingredients, buyer price range and production codts, risk estimates, profitability, and alisting of actud
buyers of that species. Her species lising includes many indigenous BC plants, and the manud was
initiated to address alack of market informeation “a the production levd” for medicinad and aromatic
plants. BC growers need to know: where the markets are, the volume of production and demand for
eech pecies, Sability and levels of prices, levels of “active ingredients’ sought, distribution options, and
the risk and profitability of certain crop mixes.

Thusin terms of contralling growing conditions and qudity and quantity of harvedt, cultivationis
economicaly advantageous to wildcrafting, in which oneis dependent on the vicissitudes of nature. But
dthough severd growers and nursery owners regularly wilderaft for St. John’s Wort and other
botanicds, the people who wildcraft are generdly not going to become growers, and both industries can
coexigt. Properly supported, collective revenues from the wildcrafting of medicind botanicasaone
could eedly rise from their present annud leve of between $2 million-$3 million by afactor of tento the
current revenue levels for pine mushrooms.

Beyond the potentid commerda vaue of wildcrafting, -- the ceremonid  gathering of medicind and
sacred plants, bark and other flora-- goesto the very heart of first nations cultures and bdiefsand isa
right guaranteed by the Condiitution.

All the previous suggestions mede within the context of nutraceutical and medicing fung gpply aswel to
medicinds from plants. Starting with S. John’s Wort, Oregon Grape, Cascara, Devil’s Club, and plants
going extinct such as Cypripedium pubegens, the government should document and map locations of
the species of Figure 9, and make informed estimates of the amounts of each species growing. Again,
with these species we need to know their biological productivity, their reactionsto harvesting
techniques, and the best harvest practices with repect to timing and optima sustaineble leves.
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Given that consumer avareness of research results partidly drives nutraceutical markets, the provincid
government should try to direct gopropriate federd research funds into the area of tegting the efficacy of
wildands-based medicina and nutraceutica botanicas from BC, in particular some of those used by
fird nations. It may be possible for example, to establish asgnificant, differentiated US and Adan
market for BC Devil’s Club as awild ginseng subdtitute, but only with sgnificant goverrment promotion
and market development activities

Many of these species have been extensvely sudied in both Europe and North Americaand again as
much of this reseaerch asis possible should use these secondary sources. Using thisinformetion, the
provindd government should produce guiddines, sandards and field guides for the sustainable harvest
of wildcrafted botanicas

Since 0 many of the emerging nontimber products will come from the wadte of traditiond forest
products such as bark, the government should expand the wildcrafters access to this waste through;
guaranteeing use of appropriate logging roads, and developing Srategies and procedures with timber
tenure holders to facilitate access by wildcrafters to undergtory plants before any clearcutting and to
wadtage after cutting.

Attracting I nvestment

Noting that BC presently does not have a“clear or coherent” drategy for attracting investment, nor
have the private and public sectors cooperated effectively in this effort, arecent BC business“ summit”
has proposad that the provincia government work with the business community and other stakeholders
to set up an investment partnership board which would market BC internationaly as an attractive
business location. We support this suggestion, and one area of emphagis of this board should be the
emerging nonttimber forest sectors with high annud growth rates — nutraceuticals,
phytopharmaceuticas, herbd botanicds, mycomedicinas, biocides and ecotourism.

Agroforestry Incentives

Agroforestry involves not merdly the gathering of non-timber forest gpecies which naturdly grow ina
seiting (sdd, wild mushrooms, Devil’s Club) but the cultivation and enhancement of these productsin
forest settings to improve thar quantity, quality or sustainaallity, (for exampleirrigating sad). It dso may
involve the introduction and tending of understory speciesinto anew area (for example injecting
mushroom spores into logs). It might involve the Smultaneous co-maximizing of timber and pine
mushrooms in adesignated cultivation forest.

But some current BC legidation and policies discourage agroforestry; many agroforestry products are
not recognized as agricultura crops by the BC Assessment Authority’s Land Classification/Taxation
scheme and hence do not recaive lower agriculturd land tax rates; and some of the rules of the
Agriculture Land Commission and the Forest Land Commission are prgudicid againg agroforestry
efforts.

Adequately addressng agroforestry concernsin the tax structure requires amore subtle approach than
the traditiond split between forestry and agriculture. The provincid government should therefore
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conduct atax review of the above matters, firg determining which of BC's existing agricultura programs
and incentives should be gpplicable dso to agroforestry operations and then review tax/fiscd
mechanisms and programs from other countries and regions of Canada presently used to preserve,
consolidate or extend farmland, which could be modified to indude land utilized for agroforestry.
(BC'sexiging programsinclude the Nationd Income Stabilizetion Account (NISA), the Whole Farm
Insurance Program, the Canada-BC Crop Insurance Program, Grants for Replanting, Exemptions and
Reductions of Property Tax, and the Interest Subsdies on Advanced Crop Payments to Growers
(under the federd Advance Paymentsfor Crops Act)).

Theinduson of agroforestry businessesin any pertinent BC legidation will involve revisng the
classficaory schemefor property in BC, an extended definition of Class 7, “Managed Forest Land”, a
more extengve gpplication of the Split Classfication, arevison of the assessment procedures and
criteria, and revison of BC Reg. 411/95, “ Stlandards for the Classfication of Land asaFarm”. Themain
objectives here are to revise the existing farm property tax concessonsin such away that they apply to
agroforestry production, cultivation forests and such, and to accelerate the permanent or term
dassficaion of privatdy-hed landsinto designated cultivation forests.

Holm (1998) has written a comprehensve andyss of BC' s agriculturd policies and incentives as
compared to those in other countries and regions and many of her recommendations may be applicable
to agroforedtry and cultivation forests, in addition to farmland. For example the Ontario experience with
conservation easaments of farmland is pertinent to the problem of moativeting private landownersto
convert portions of property into cultivation forests. An agriculturd easement is an agreement between
landowners and governments which redtricts the use of the land to agriculture for alimited period of time
(cdled aterm easement) or indefinitdy (a perpetud easement). In return the landowner recaives tax
benefits or direct payments. The perpetua easement ishbinding on dl successive landlords. Properly
written, such an incentive could be utilized to accderate the rate of converson of BC privatdy-hdd
lands into cultivation forests

Holm aso recommends that BC revise the farm taxation/estate laws in such amanner that incorporates
so-cdled “drcuit-bregker” programs, asin the US. She gives these examples: Wisconsin snce 1977 has
given farmers “circuit bresker” property tax rdief via date income tax credits. “For every dollar of
credit received, taxes owed are reduced by a dollar. Credits are triggered by pre-set income
figures....The (specific) amount of the income tax credit depends on theleve of property taxes and
whether the county has agricultura zoning and an agriculturd preservation plan. Tax incentivesincrease
asfarmland protection becomes sronger -- afarmer qudifiesfor 70% of the credit in a country with
only agricultura zoning and for the full tax credit in a county with both agricultural zoning and a
preservation plan. Further, the farmer filing for atax credit in a county with only a preservation plan must
enter into aten-to-twenty-five year agresment requiring the land to remain in farming. If the farmland is
rezoned or sold for a non-farm use before the agreement expires, the landowner must pay back up to
ten years of tax credits” (ibid. p. 117). To date farmersin Wisconsin have enrolled around eight million
acresin the drcuit bregker program.

In Michigan this drcuit bresker tax rdief through refunds of sateincometax istriggered if thelocd
property taxes are grester than seven percent of the net farm income. By 1998 Michigan farmers had
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enrolled dmogt five million acres of land in their program. We support this recommendation with the
proviso thet it should be gpplicable aso to agroforestry practicesin designated cultivation forests or on
privete lands

The Regulation of Natural Health Products

As documented in Part |, BC has agamut of species—ranging from fungi and soil organismsto vascular
plants and insects-- which can provide the bases for avariety of naturd hedlth products. Presently there
isavery redtrictive regulatory environment which places BC producers a adistinct disadvantage with
respect to thosein other countries. However, on May 13, 1998, the federal Advisory Pand on Naturd
Hedlth Products released recommendations for a regulatory framework for naturd heglth products,
understood by the Panel to include “ substances or combinations of substances consisting of molecules
and dements found in nature, and homeopathic preparations, sold in dosage form for the purpose of
maintaining or improving hedlth and treating or preventing diseases/conditions” (Hedlth Canada
1998).They thus include homeopathic preparations, nutraceuticas, vitaming, minerals and enzymes,
herbd botanicas, anima and insect source substances and agamut of molecules extracted from natura
substances such as amino acids, polysaccharides, triterpenes, peptides hormones and precursors.

These naturd hedth products are viewed as neither redly food nor drugs and the Pand has
recommended this restructuring of concepts to specificaly address naturd hedth products —that the
category of “drug” in the Food and Drugs Act be replaced by the concept, “ Thergpeutic Productsin
Dosage Form” and that the definition of the laiter term be expanded to included the intended use of
products to mantain wellness. The “Thergpeutic Products in Dosage Form” section of the Act would
then be divided into these categories — pharmaceutica's and natura health products, as defined above.

These shiftswill set up anew liberdized regulatory framework to govern awide range of naturd hedth
productsin Canada. The key words are “in dosage form”, since under these changes, (I) dl products
which are s0ld in dosage form, including nutraceuticals, domestically produced or imported, are
covered; (2) functiona foods and herbs used in traditiond Chinese medicine, both sold in bulk, are not
covered since they are not marketed in dosage form; (3) products for persond use are excluded from
the definition, for example first nations herba medicines

More importantly, the Pand has recognized that unlike synthetic pharmaceuticds, naturd medicind
ubstances have along histary of use, during which time substantia bodies of knowledge have formed
about many of them and that their regulatory assessment should rely on sources and forms of supporting
evidence subgtantialy different from that required for pharmaceuticas (double-blind dinicdl trids).

They have dso recognized that most natura-sourced products are safe and should be dlowed onto the
market with aminimum of regulatory delay, that use risks can be mitigated by proper labding or
professond intervention, and that regulatory controls should not unduly restricts consumer accessto
these products.

Findly the Panel has recognized that any new regulatory framework must not add undue cogts to
marketing or market entry, and that cost containment is dependent on product assessments, which
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should be in reasonable proportion to product risk, which isusudly very low. The Pand hastherefore
devised anew regulaory framework which is permissve rather than prescriptive, with minimd Sate
interventions unless warranted by potentid risks and independently administered by skilled personsin
thefidd of naturd hedlth care

Naturd hedlth products are permitted to carry claims of health benefit and most products would be
digible for marketing with merdly a pos- market natification to the regulatory authority. Three types of
hedth damswill be permitted: “gructure function dlams’ which report aproduct’ s effect ona
physiologica function or sructure of the body; “risk-reduction dams’, rdating product consumption to
risk reduction for diseases; and “trestment clams’, which report product effect on the actions of
specific diseases or their symptoms. Mogt of the Pandl dso favored permitting sdes of products with no
explicit dams. Since present law dictates that thergpeutic products be sold with no daims on the labels,
itisnot logica to excdude this option.

The vast mgority of products can obtain immediate market entry but others would be subject to pre-
market regulatory assessment by anew regulatory adminidration diginct from thet for pharmeceuticals
and foods, both of which are properly seen asingppropriate for natural health products.

Under the proposed regulatory framework, dl natura hedlth products sold in Canada or imported
would have to meet certain sandards of qudity —users must be sure thet what they reed isin it actudly
is— and of safety. The Panel believes that the vast mgority of naturd hedlth products can be described
with “higher safety” (can be sefely consumed without the intervention of aprofessond) if they are
properly labded. But certain products would be dassified as“lower safety” for avariety of reesons a
narrow margin of safety between thergpeutic and toxic dosages; potentid severe Sde effects at norma
thergpeutics dosage leves, their use may mask other allments, and so forth.

The Pand thusfdt that present pharmaceutical regulations are ingppropriate overkill when gpplied to
natura hedlth products, most of which are inherently safe and should not be subjected to expensive
double-blind dinical udies.

Asauring basic gandards of sefety and quiity isthe essentid factor in mitigating risks of consuming any
product, and the Pand therefore recommended that Good Manufacturing Practices and processing
sandards be reviewed for natural health products; that dl manufacturers, packagers, importers and
digtributors selling netural hedlth products be licensed, the issuance of which would be dependent on
compliance with GMP requirements, and that product labds and packaging carry the following minima
information: name, compostion, directionsfor use, cautions and warnings, expiry date, Sorage
conditions and alot or batch number (to facilitate GMP controls and recdls). As noted, the label, may
also contain claims of health benefits or effects.

The proposed licensng processis very smple —post-market natificetion for the vast mgority of natura
hedlth products and pre-market submission of the othersfor review.

With respect to the latter process, manufacturers, importers and distributors of new products for which
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there are no slandards or monographs or when the product is dassified as*“lower safety”, must submit
evidence to the regulatory authority to place thar product on the market. Thisinfornetion would indude
product name and compasition, traditiond and culturd references, dinica evidence, published literature
and professond consensus. If goproved, the regulatory body would then issue a certification, which
would include labding reguirements such as precautions, warnings, indications for use, and access
restrictions. The regulatory body would assess the validity and credibility of data sources submitted for
review, usng abroad range of possible supporting evidence—traditiond or culturaly based references
which are often based on centuries of product experience; published literature outside the mainstream
scientific technica journds, and professond consensus

Fndly the Pand has recommended the immediate rescinding of the notorious Schedule A of the Food
and Drugs Act, enacted in 1934 and which ligs certain diseases for which trestments cannot be
advertised to the public, and the rescinding of other outdated restrictive legidation in theFood and
Drugs Act itsdf.

In November 1998 the Standing Committee on Hedth tabled “Naturd Hedth Products A New
Vigon”, which takes up most of the above recommendations. But to date none of these
recommendations have yet been passed into law and natura hedth products dassfied asfoods il
cannot miake hedlth daims concerning use or efficacy in ather packaging or marketing. Products which
do make hedth daims have to be regulated as drugs. Thisinvolvesthe provision of very expensve
monographs or controlled dinicd trids to obtain a Drug Identification Number and effectively stops
many product developments. In the meantime Canadian vendors of natura hedth productsremain a a
distinct market advantage. Thislegidation isagood firg gart, and as the mgor Canadian source of
medicind and nutraceutical wildlands substances, BC should lobby for itsrapid passage into law.

Commercialization Barriersto Biocides

If there are so many potentia wildlands sources of biocides as discussed in Part 1., why are there not
more of them on the market? At present, the only widespread North American and European sales
invalve pyrethrum (from Chrysanthemun cinerariaefolium) and rotenone (from Derris and
Lonchocarpus $p.). The use and sales of neem (Azadirachtaindica) as an insecticide are just
beginning in North America, dthough neem has been used for millenniain Asafor this and other
PUrpOSES.

Beyond efficacy and species goplicability, the biologicd criteriafor abiocide involve nontoxicity for
vertebrates, a selectivity which favours natura predators of the target insects or pollinators, and rgpid
degradation. In addition, commercidization barriers involve the comparative scarcity of the source
materids, Sandardization of extracts and qudlity control of active ingredents, and regulatory gpprova
(Isman 1997).

Most biocides work againgt a narrow spectrum of insects or asingle species or genus and small sartups
may therefore have limited initid markets for ther product. Also companies have little economic
incentive to develop new biocides unless there is a guarantee of a continuing source of Starting materia.
The materid can be wildcrafted, grown in plantetions or in Situ agroforestry projects, or produced
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through tissue culture, but significant amounts of it must be produced on an on-going bess.

With respect to sandardization and qudity control, the naturd defences of plants againg insects usudly
involve avariaty of dosdy rdaed chemicd compounds rather than asingle ingredient aone and operate
through asynergidic effect (Isman 1997). In this respect they are Smilar to the dleged actions of herbd
medicinds, from which they are often derived. Pyrethrum, for example, contains four insecticidd edters,
and rotenone has at least Six insecticidd isoflavonoids.

In many cases the net efficacy of the entire mixture is superior to the effects of the mogt active
condituent done. Chen and others, for example, have found thet the effects on growth inhibition of
entire extracts from bark of Melia toosendan which contained 60-75 percent toosendanin were
sgnificantly greater than those of pure toasendanin, which would indicate that minor components made
agreater insecticidd contribution then their mass would indicate (Chen et al. 1995).

Thereisaso evidence that the chemica cocktails of entire extracts from botanical insecticides confer

less pest resstance over many generdtions then the applications of a single active ingredient (Feng and
Isman [997). Thisis an additionad economic benefit because, as with phytopharmaceuticds, it isusudly
too difficult or expengve to isolate and synthesize principd active ingredientsin biocides.

The main problem however arises with Sandardization. For regulatory and commercia purposes,
biocides, like synthetic pesticides, must contain a specified leve of active ingredient(s) to guarantee thet
products will perform as daimed. But how does one standardize a biocide which contains dozens of
potentialy active ingredients, whose effects may arise from ther interactions and proportions?
Pyrethrum is andardized according to the concentrations of two pyrethrin eters, but when Six or seven
ingredients are involved in theinsecticidd effects and these effects arise from il -understood interactive
processes, the testing and sandardization is prohibitively expensive. (For such complex mixtures acting
on synergitic prindplesin which efficacy arises from many such “active principles’, sandardization will
probably eventualy be based on chromatographic fingerprints of the entire materid, thus cregting a
quditative sandard).

Assuming that sandardization problems can be solved, required studies supporting regulatory
regidtration of anew biocide in the US or Canada can cost between Can. $250,000 to Can. & million,
and for smdl, start-up companies, no sales revenues can be generated prior to regulatory approva.

The regulatory protocols gpplied by Canada s Pest Management Regulatory Agency (PMRA) were
developed in the context of synthetic pesticides cortaining one or sometimes two active ingredients and
are not remotely applicable to biocides. For example when one private company contacted the PMRA
concerning a neemtbased insecticide used for thousands of yearsin Ada, they were told to identify
every component of the extract comprising at least 0. percent by weight. There were thirty of these and
such acharacterization of acomplex neem mixture might require ayeer or two and cost dozens of
thousands of dollarsto complete. (The PMRA findly gpproved experimenta usein one caseto Soray
neem extract for control of fores-defaliating sawflies after HPLC andydsidentified and quantified the
mgor ten limonoids) (M. Isman persond communication).
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Inthe US the EPA, recognizing that many of the condtituents of biocides are benign, has admitted a
category of “reduced-risk” pesticide, with reduced regidration criteria. Although the EPA and the
vendor company wish the products to have the same ingredients every time, there is dso arecognition
of chemicd variations found in naturd substances—that different concentrations and even different
phytochemicals may be present in a plant depending on what time of yeer it is picked, where it grows,
and so forth.

Even 0, the cogts of long term studies demanded by the EPA and the PMRA condtitute a serious
commerddization barier to the amal sartups trying to manufacture biocides. One solution here
proposed by Isman isto dlow provisond regidration in Canaeda of reduced-risk biocidesin a
geographicdly restricted area or redtricted to low-risk uses. “Assuming the outcome of the acute tests
isfavourable, aprovisond regidration would dlow the manufacturer to begin marketing the botanica
insecticide. ..to generate revenue, with the understanding thet the registrant would have to provide data
for the long-term tests and other data requirements within a2-5 year period.” (Isman 1997).

In any revisons of the guiddines for biochemica pest control products, the fallowing additiond points
should be taken into account. Although often one of the digtinguishing differences between conventiona
pedticides and biochemicd agentsis thet the former are acutdly toxic, this definition is too broad to serve
asadiginction to determine data requirements for regigtration. It is preferable to use al988 FAO
definition of biochemicas (FAO 1988) as thase which “exhibit a mode of action other than direct
toxicity in thetarget pest.” Such adefinition alows one to distinguish between most conventiond
insecticides (neurotoxins) and products which act by other means of actions such asinsect growth

regulators or inhibitory agents

An dternate dassificatory scheme could aso be based on the main means of bioactivity. Thus one
would have substances which modify behaviour such as pheromones, antifeedants and other alomones,
and kairomones; and substances which act physiologicaly such asinsect growth regulators. The
problem here isthat many plant substances have both types of bioactivity. Although awide range o
potentidly insect-controlling plant substances show vertebrate toxicity, thisis no judification to place
botanica insecticidesin the same dass as synthetic chemical pesticides, because the former are safer
environmentally for the reasons discussed in Part |.

Sacondly, the excessve data requirements for regidration financidly difledl but large multinationd
chemica companies which can afford to satisy these, and one of the largest barriersin regidration for
amdl companiesisthe requirement for lifetime fesding sudies of laboratory animds

In summary, a potential solution to these problems involves a tiered gpproach to environmenta and
toxicologica testing, with “the use of wavers for specific data requirements where an acceptable
rationae can be provided” (Isman [997).

With the use of waivers, an goplicant would have the option to provide reasons why a specific data
requirement should be waived. The regulatory agency would then decide if the data requirements of
concern should beactudly reguired for athorough evaugtion of the substance. Retiondes might indludes
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lack of toxicity for an entire class of compounds such as pheromones; lack of toxicity as evidenced
through extengve use in other countries; action mechaniams uniqueto insects such as moulting inhibition,
or dternate human uses such as medicines. (For example one can legdly purchase and eat neem ail
containing one percent technical active ingredient, but if one sprays the same product onto acommercid
crop, one has broken the law).

What is needed isareview and streamlining of the nationa pesticide regulations as they apply to
biocides which is as thorough and far reeching as the current revison of regulations gpplying to natura
hedlth products discussed in the previous section. (The federd government conducted such areview in
the early nineties but not much came out of it).Again as the main Canadian source of new wildlands
substances for biocides, the provincid government should lobby for such areview.

Tax and Fiscal Incentives

The heart of any economic drategy liesin the tax/fiscd incentives given to specific sectors or to certain
adtivities, such as manufacturing Startups or research, in dl sectors of an economy. Given the lushness
and diversity of BC non-timber forest resources and the nascent nature of the indudtries trying to

deve op these, how can we optimaly apply the tax structure so they can rapidly grow?

When one looks toward tax and fiscal incentives to support these emerging indudtries, there aretwo
kinds of measures. generd taxation changes which would apply to dl sectors of the BC economy and
fadllitate amore leve playing field with competitor companiesin other countries and provinces, and
measures gpplied specificdly to these emerging indudries In the following discusson wefirg andyze
proposed generd changes and then pass on to incentives to be uniquely applied.

Capital, Sales and M achinery Taxes

Corporate capita taxes are payable in most provinces and to the federd government when the amount
of taxable capitd a the year’ send is greater than certain threshold amounts. This taxable capitd usudly
includes the secured debot of lenders, the entire shareholders equity, and any amounts owed to
additiona creditors and lenders which were outstanding for three months or more a year’ send. Thistax
is payableto provincid and federa governments whether or not the company had any profits, but
federd capitd tax is dways credited againg federd surtax. Typicaly the provinces exempt thefirgt $1
million to $ 1.5 million of cgpitd from thistax. The current rate is 0.3% of paid up capitd. The capitd tax
ratein BC is high compared to tax regimesin the US, but the BC government isin the process of
reducing the corporate capitd tax.

At the sametime, severd provinces exempt some items from sdlestax. BC, for example, presently
exempts parts and materids for prototypes, livestock for human consumption, feed, seed, fertilizer,
certain itemsin ore processng, certain exploration, drilling, energy consarvation and safety equipment,
software source code and “F800” cdls after May |, 1998. With the exception of software source code,
mogt of these items reflect policy makers' atemptsto support BC' straditiona forestry and agriculturd
industries. Severd provinces, in addition to BC, have tax exempted “I-800” call service operations,
which iswhat has been done in countries such as India and Bangladesh. It is more sensible to use our

95



tax ingruments to support BC indudtries exploiting our naturd comparative advantages described in
Part .

We recommend that the BC provincial government exempt the provincial social services (sales)
tax on all machinery and production equipment used for research, non-outinetesting and
analysis, and that used in new manufacturing startups — one wants to encourage companies to
adopt new and more efficient production technology, not make it more expensive. If the
recipient in question is a manufacturer, this incentive should be structured in such a way that
exempted equipment can be used for a combination of research and manufacturing.

Canadian Federal R& D Tax Credits

Under Canadd sfederd R& D Tax Credit System, scientific research and experimenta devel opment
(SR&ED) expenditures (both current and capitd) are one hundred percent deductible. This
discretionary deduction can be carried indefinitely forward, and invesment tax credits (ITC's) from
twenty to thirty five percent can be earned on SR& ED expendituresincluding sdlaries, materias used,
wages, costs of leases for equipment, new capital assets used specificaly for research and development,
overhead codts, third party payments and contractors.

Large Canadian public corporations and multinationds receive a 20% non-refundable tax credit on
SR&ED expenditures, and Canadian-controlled private corporations (CCPCs) with a taxable income
less than Can. $400,000 may receive ther credit in part or whole as refundable tax credits. The
incentive is sructured in thisway to help the amdler Canadian companies cash flows and give them
direct rewards (rather than forcing them to accumulate credits until they are profitable and able to take
advantage of the accumulated unused credits (Lipsett 1997).

These federd incentive are arong the most generous in the world and a company can be fully
reimbursed by aforegn company for any R&D performed in Canadaand gill remain digible for these

federd R&D incentives.

This sysem maximally benefits CCPCs, (those not controlled by anon-resdent or by a public
company). Although nort residents are permitted to hold up to fifty percent ownership of Canadian
controlled private corporations, they cannot be asubsdiary of aforegn controlled company. This
sructuring of the preferred tax credit rate has resulted in many US companies setting up a Canadian

partner company.

Exduding rent, companies can conventionaly compute their overheads or they may use a proxy
method, according to which they can dam overhead equd to Sixty five percent of dl qudifying reseerch
and devel opment sdaries. Mogt emerging biotech companiesinterviewed in Part |. use the proxy
method snce this generates higher invesment tax credits.

The problem with usng the proxy method is whose daries areinduded in the dam?In the view of
Revenue Canada, qudifying activities are: basc and gpplied research and experimenta development
and they are now demanding itemized documentation of employees SR&ED activities (time spent on a
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specific project and the specifi ¢ nature of the work). This forces companies to maintain rigoroustime
sheats which Revenue Canada then uses to dassfy sdaries as“qudifying” or “non-qudifying’. Without
extensve time shests, Revenue Canadawill disallow the daim. The provincid government should lobby
Revenue Canada to streamline this process and make reasonable daims without the maintenance of
such itemized time shedts.

Ancther feature of the SR&ED program isthat dl expenditures dlamed must be for reseerch and
development performed in Canada. However, due to the nature of its business, often a company such
as PheroTech mugt do ther research for adient off shore, with indigenous insectsin Texas, for
example. But dthough the intellectud property base for thet research was created in Canada, they
cannot make adam in this case. The province should lobby to dter thisdause.

Most importantly, the nomendlature in terms of which thisincentiveis cadt, “scientific research and
experimental devdopment” isintimidating to small companies and work which qudifiesfor the SR&ED
tax credits must represent a“ scientific advance’, involve technica risk and use scientific methods. Whet
we should be concerned about here is support for smple research in product and process development,
incdluding incrementa improvements rether than a“ scientific advance’. Thisiswhat drives the economy
and severd andydts have noted that the federa credits tend to support scientific discovery of
innovations and inventions rather than rgpid adoption of manufacturing technologies from any source
(Quebec, for example, offers al25% immediate write off on expenditures for the acquiring of intangible
technology used in manufacturing).

Provincial R& D Incentives

R&D incentives are offered dso by most provinces to compete with one another for foreign
companies, to increase the dengity of professonds and other purposes. For example, New Brunswick
and Nova Scotia have offered an additiona ten percent non-refundable tax credit for qualifying
expenditures and Manitoba offersfifteen percent. A comparaive summary of Canadian federa and
provincid R&D incentives is avallable on the KPM G website (1999). Quebec, it should be noted, offers
al00% SR&ED deduction on current and capital expenditures, and thisamount is not reduced by
federd tax credits.

BC presently does not have any R&D incentives.

Of particular rdlevance is Quebec' s refundable wage tax credit, which amounts to 20-40 percent on
SR&ED wagesincurred and paid in Quebec. In addition, Quebec offersatwo year provincid tax
holiday on Quebec sdaries paid to foreign researchers. The latter incentive has been very successful in
atracting foreign professionas and mativating foreign companies to move to the province, in Spite of the
political uncertainty. The more complex and comprehensive set of R& D incentives in Quebec dso
includes increasad incentives for companies collaborating with Quebec universities.

Ontario’s Superdlowance research deduction on top of the 100 percent write off of federd dams
providesfor 35 percent to 52.5 percent for CCPCs and 25 percent to 37.5 percent for other
corporations. This superalowance has two components—base and incrementd. All R&D performing
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companiesin Ontario are given the base level R& D superalowance deduction from their income, and
an incrementd component which is caculated from the average R& D expenditures incurred in the three
preceding taxation periods. All current and capita expenditures greater than the base average are
consdered to beincrementd.

In addition during 1997 Ontario introduced the Ontario Business Research Indtitute Tax Credit which
pertans to research and development contract payments to Ontario post-secondary educationd
indtitutions, research ingtitutes associated with hospitals and non-profit research indtitutions. Thistax
credit refunds 20% of amaximum amount of $20 million in qualifying expenditures annudly.

Ontario’ sthird main initigtive, the Ontario New Technology Tax Incertive, offers al00 percent
deduction of up to $20 million annudly for the purchase from unrdated persons of “qudifying intelectud
property” —patents, licenses, permits, and know-how, and thus supports technology transfer from
offshore sources.

FHndly Ontario aso diminated the retall sdlestax in May 1997 on dl R&D equipment bought by
manufacturers or non-profit medicd fadilities. If the recipient is amanufacturer, such equipment can be
used for acombination of manufacturing and R& D, but with medica research fadilities, exempted
equipment has to be usad for R& D exclusively.

We recommend that the provincial government put into place a 10% tax credit on R&D,
paralleling the other provinces. These credits should be refundable in the same way the federal
credits are and to the same type of recipients, CCPCs.

A 10% increase will directly make little difference redlly, but itsimportance liesin the fact that it will bea
clear market Sgnd to the private sector that BC is concerned with private research and recognizesits
role in economic growth.

A nonrefundable credit is one in which the credit merdly reduces taxes owed. A refundable credit not
only reduces taxes owed but pays out the excess to the tax filer. Thus refundable tax credits are
avalable to companies even if they pay no taxes. Thefederd incentive, we have seen, givesa
refundable credit to Canadian controlled private corporations caculated as a certain amount of digible
expenditures and a nonrefundable credit to other firms. Quifying the refundable portion prevents large
foreign companies from recaiving large tax gifts from the public.

Thus the BC R& D incentive should parallel the federal structure, with the refundable portion
capped at $2 million of eligible R& D expenditures (asin the federal incentive), and available
only to CCPCs. The non-refundable portion should not be capped.

Paralleling the Ontario measure, we also recommend that BC offer a 100 percent deduction
(capped at $20 million annually) for the arms length purchase of qualifying intellectual property
such aslicenses, permits, patents and know-how —thus supporting technology transfer from
offshore.
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We also recommend that BC offer a tax credit which can refund 20% of a maximum amount of
$20 million in qualifying expenditures which pertainto R& D contract paymentsto post-
secondary educational institutions, non-profit research organizations, and research facilities
associated with hospitals.

Selective Professional Tax Deferral

BCisdensein naurd resources but ill thinin professonals. It isoften damed that the qudity of life
compensates professond taent from south of the border for the high persona and corporate tax burden
compared to that of the US, (an estimated differentid of 29%-44%, depending on how one cdculates
it,in red income), but dl of the saven companiesin Part |. producing phytopharmaceuticas and
nutraceuticals have to cope with shortages of knowledgeable business managers and skilled people to
bring products to markets. Thereis dso alack of professordswho can manage the diveraity of
activitiesinvolved in dinicd trids and regulatory procedures. There are dso problemsin finding
experienced lavyers who can beneficidly structure partnerships and intellectud property agreements.

Although federd and provincid tax credits render the after-tax costs of R&D chegper in Canadathan
amog any place in the world, the additiond persond income tax paid by new employees from (mainly)
the USisthe single greatest recruitment issue. Another problem is that the federd R&D tax incentives
are not linked with incentives to set up commercid manufacturing fadilities (asthey are, for example, in
Quebec). Therefore we recommend that the provincial government offer a two year provincial
tax holiday on BC salaries and stipends paid to foreign resear chers by Canadian-controlled
companies, including legal research pertaining to intellectual property, regulatory procedures,
and the management of clinical trials.

Tax Holiday on Selected NTFP Industries and Services

Many economidts believe that governments should not be in the business of sdecting particular indudtries
to support, and it has become popular wisdom that civil servants are not adept a "picking thewinners'.
And yet organizations cregted by Adan governments, ranging from Singgpore's National Technology
Deve opment Board to Jgpan's MITI, have often succeeded in doing so. How have they doneit? The
more deeply cooperative and less adversarid rdations between the private and public sectorsin these
countries, and the authoritarian prerogatives of some of their governments, may have some explanaiory
power. Thereis, however, amore specific contributory cause. Korea, Japan and Singgpore have made
periodic efforts to help the private sector in identifying indudtries, products and new production
technologies which might profitably be developed.

But often, by the time contemporary and future production technol ogies have been identified in
government and academic sudies, these technologies are three to Sx yearsold. Yet in 1979, the
Singaporeans managed to identify software as a future growth industry in which they could exce when it
was ill generdly given away, fredy embedded in computers or written on an individua applications
basis. They dso identified other growth industries such as multimedia products and wireless persond
communicaionsin the mid- eighties before there was much devel opment anywhere, and by 1994 had
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redlized that they could develop asa sarvice centre for internet retall sales. Their accurate and
profitable prognoses were arrived a by spending congderable sums of money and time consulting a
variety of knowledgesble sources: indudtry participants, international consulting firms such as Arthur D.
Little, Stanford Research Ingtit ute and the Boston Consulting Group, and active research firms such as
Xerox Parc. (Singapore probably spent morethan USH | million in 1979-80 judt in identifying computer
software as a future growth industry.) Singgpore then, firgt identified growth sectors pertinent to their
comparative advantages, and then gave these very targeted tax advantages.

Within the restricted domain of BC forest indudtries, we have done the samething in Part |. of this
drategy, identifying the emerging forest- based industries, products and production technologies which
show high growth potentia and which are based on BC's compardtive advantages.

Singapore's experience shows that a cooperative private public sector initiative can do very wel what
firms must attempt in any case: predict profitable lines for the next generation of product and process
technologies in which firms need to invest now.

Quebec presently gives afive year tax holiday on income, capita and payrall taxes for new smal-to-
medium enterprises which engage in abusinessin one of thar Information Technology Devel opment
Centres, and atwo year cgpitd tax holiday on any new invesments in manufacturing, computer
hardware and buildings used for manufacturing or tourism. Also as of July 1999, any new businesses
with lessthan $2 million in paid-up capitd are exempt from the provincid capitd tax.

BC dready has atwo year corporate income tax holiday in place for digible amdl busnesses
incorporated between May |, 1998 and April 1, 200l, and atwo year corporate capitd tax holiday on
eigible BC investment expenditures such as exploration and research.

We therefore recommend a five year corporate tax holiday on Canadian-controlled corporations
cultivating or manufacturing pharmaceuticals, nutraceuticals and other natural health products
or ingredients from BC wildlands sources, producersof antiphytovirals, mycomedicinals, wild
food mushrooms, and essential oils from the same sources and all nature tourism operations.
This incentive should also be extended to the six or seven companies which provide technical
services to these sectors.

If this notion of a tax holiday on selected industriesis not amenable to provincial policy makers,
we recommend that the following combination of incentives be granted to these industries:

() an export incentive which will grant a 90% tax exemption on all profits above a specified
base which results from export sales of the industries named above. This incentive should be
granted for three or five years with the longer period being given to companies which do not
qualify for:

(2) a pioneer status incentive, which should allow for tax exemptions of 40% of a CCPC'’s
corporate income tax for five yearsif they undertake new manufacturing activitiesin BC. Most
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of the existing acceptable language of taxation policy was written in a smokestack context and it
must be under stood that “ manufacturing” also includes enhanced growing techniques prevalent
in agroforestry operations such as cultivation forests.

Revenue | mpacts:

Thefirg order impacts on governmenta revenues of any proposed tax changes are those which assume
no growth of economic activity resulting from the tax changes, and no changesin resulting investment
behaviour. They thus overestimate government revenue losses. We have esimated that dl the taxation
changes proposed above plusthetraditional knowledge fund proposed in the next section would cost
the provincid government  gpproximatdy $94 million annudly in deferred tax revenues. However witha
five year pergpective which factorsin the incentives sunset festures and projected indudtrial growth, the
government isanet tax beneficiary. Experience in Irdand and the Asian economies has shown that
sometimes lowering or dimingting taxes on new industries can result in increased tax revenuesto the
government from the resultant economic growth.

Securing Aboriginal Rightsto Traditional Knowledge>

To creste agtable and confident business dimate for the economic development of these non-timber
forest resources, we must dso settle with first nations peoples and include them centrdly in these
devdopments Thisinvolves deding in an efident and fair manner with both land daims andtraditional
knowledge.

Here there are three problems. How should the province ded with commerdaly- useful treditiond
knowledge taken in the past? What should be done to ensure that first nations have appropriate control
over their (undisclosed) traditiond knowledge in the present and financidly benefit from its
commercdizations when they wish to? And how can the province hdp perpetuate arapidly
disappearing body of first nations knowledge about the uses of BC fauna and flora— knowledge which
we have seenin Part | is providing the commercid bassfor avariety of twenty first century hedth care
products.

It must dso be redlized that commercidization of (often sacred) traditional knowledgeis viewed as
abhorrent by somefirst nations peoples, and it is essential thet first nations' inputs and decisiors about
the uses of these biologica resources be incorporated at al sagesin what is proposed beow. An
dlowance for variaion should be promoted and isamark of respect for aborigind peoples.

Bioprospecting, the search for fauna and florawhose gergtic and chemicd information is providing the
basis for medicines, biocides and other products, has mainly been conducted in tropica forests of the
world, because of their high dendity of plants and organisms and the resulting number of secondary
chemicds churned out by these plants and organismsto survive. One way to bioprospect, we have

10n January |, 1999, the provincial government put into place $150 million in tax reductionsincluding reductionsin the
small businesstax, the corporate capital tax threshold and the tax surcharge on high income earners. An R&D
incentive is expected by mid-1999.

2 This section was co-authored by Robert Adamson, Supreme Court of Canada clerk to Justice Sopinka, 1994-1995.
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seen, ismply to ask indigenous peoples what faunaand florathey use for which illnesses (pedticides,
nutraceuticds, ec.) or, if it isavailable, to seek such information in the works of ethnobotanists,
ethnopharmacol ogists and others who have spent their professiond lives sudying such métters.

In spite of chegp, mass screening techniques, biotech and other corporations are il deeply interested in
the knowledge of indigenous peoplesin countries with remaining forests They have redized thet
indudtrid products of commercid vaue can be made from the traditional knowledge of these peoples.
For the mogt part, local people have received nothing for their knowledge. Devil’ s Club, now entering a
multitude of nutraceutical and medicind herba formulae and sngles on the North American market, was
universaly used by BC firgt nations for upper respiratory infections and many other uses. Although they
found it, they will receive nothing. To give another recent example, aBritish pharmaceutical company
teamed up with agroup from the Univeraty of lllinois a Chicago to search for plant-based anti-
inflammeatory substances recently in Laos. The Lao Indtitute of Tradtiond Medicind Research and the
Universty of lllinois group each recaive 1% of roydties from resulting sales, but local people were given
adollar for each plant they pointed to which they used as an anti-inflammatory. Severd indigenous
groups received atotd of fifteen dollars.

At the same time, we have seen that advances in computer- automated screening are miaking it chegper
to mass screen thousands of netural samples rather than ask loca eders what they traditionally used for
medicines. Traditional indigenous knowledge, then, will increasingly provide the basis for new
herbal nutraceuticals and herbal dietary products rather than for pharmaceuticals.

When indigenous knowledge of the uses of fauna and flora is the source or basis for new
products, the appropriation of that knowledge must be financially rewarded for the same reasons
we are correcting the appropriation of first nations lands through the treaty negotiation process
—equity and fairness.

There are big problems, however, in trying to assmilae thisissue of ownership of treditiond knowledge
and itsrewards into the context of intellectud property law, asis often tried.

Intellectua property rights (IPRs) are legal mechanisms which were developed to protect industrid and
individua inventions for a specified period. IPRs are applicable to knowledge when it can be used to
cregte adidtinctive and useful product. The law of intellectua property grants ownership to the specific
form, expression, or concept which isembodied in athing, and not to any overt properties of thet thing.
What is protected are the words in a book, the ingenuity of some software s source code, or underlying
information resulting from andyzing and modifying plant biochemicas which provides anew medicine
Patents, copyright, plant breeders rights, trademarks, and trade secrets are dl used to prevent others
from copying or sdlling a product without approva. To obtain a patent, an invention must be nove and
non-obvious and usualy the patent holder has an exdusive monopoly over the invention for up to thirty
years and on roydties for its use, (dthough the duration period for patents varies from country to
country).

The problems are these:
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1) inBC some of the most economicaly vauable treditiona knowledge concerning the medicind and
nutraceutica uses of plants has dreedy passed into the public domain through the publications of
ethnobotanists (and  hence cannot be patented and is up for grabs);

2) theintdlectud property laws pertain to individually or corporatdy-hdd inventions, while indigenous
peoples rights pertaining to traditional knowledge are often collectively held;

3) findly, dthough species and wild habitats cannot be patented, new seed srains, purified
compounds, genes, and geneticaly atered microbes, animas and plants can be patented in most
countries. Thus dthough awild plant or its raw extract cannot be patented, a purified or
recombinant drug, or manufacturing method of using aplant for adrug can be patented. Thereisan
incompatibility, in other words, in the forms and expression of indigenous knowledge with patent
criteriaand with applicability criteriafor other intdlectud property tools, which were generdly
developed to protect commercid inventions. There are many ather well-known problems with trying
to goply exigting intellectua property toolsin Canadato traditiona knowledge (Mann 1997).

Exiging legidation in Canadaand in many countries then, concerning patents, copyrights, plant
breeders rights, trade secrets and related measures does not adequately protect the collective property
rights of first nations peoplesin their traditional knowledge of uses of floraand fauna. 1t does not ensure
adequate and fair revenues to them resulting from products which might be based on traditiond
knowledge, nor doesit alow them, through the principle of “prior informed consent” to prevent fauna
and florawhich they do not wish disturbed, from being taken and used in product formulations.

In poor Asian countries until recently any multinational could come and take any wildliands plant (then
thought of as the “ common heritage of mankind”), dightly dter its compodtion, patent it, and even
traditiond farmers from whom it was “discovered’ could be prevented from using it. Such happened
with atreditionaly used plant, plano noi, in Thailand, which a Japanese pharmaceutical company
patented as an ulcers medicine. At the same time western governments have generdly increased the
pressure on the devel oping countries to sgn internationa agreements such asthe Intdllectua Property
Provisons of the GATT, which ill dlow companies to bascdly patent ther plants.

However many deveoping countries have redized that adopting certain internationd western property
conventionsis nat in their economic and culturd interest, have refused to Sgn such interntiond
conventions and are writing their own legidation which amsto (I) adequately protect the property
interests of the source “country from which materid istaken; (2) recognize property rights of first nations
in treditional knowledge of the uses of faunaand florg; (3) through the use of astringent system of
contracts and licenging for bioprospecting, ensure that firgt nations recelve fair and adequate
recompense for products based on traditional knowledge.

But thereisamgor difference between these Asan countriesfull of little known floraand faunaand
BC, whosefirg nations medicind plants have been extensvely named and scrutinized by academics,
and whose firg nations' knowledge has often passed into the public domain (and is hence not
patentable) through book and paper publications. These publications now form the main body of
knowledge from which severd  pharmaceuticals, nutraceuticals, and other emerging neturd products
discussed in Part | wereidentified. This body of knowledge which has passed into the public domain
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indudes the names of many plant, animd and soil species used medicindly and thelr associated illnesses
preparation, processing and storage of species, knowledge of the compaosition of formulations; planting,
care, and selection criteria; The problem thus becomes fiscal compensation for knowledge gppropriated
long ago. No province is going to assume lighility for this, ance it could potentidly involve hundreds of
millions of dallars.

The Convention on Biologicd Diversity, which Canada has both sgned and ratified, says that
governments must ensure that access to biologica resources on traditiond land is subject to obtaining
“prior informed consent” of firgt nations by bioprospectors and that in the case of commercidizations,
there mugt be an “ equitable sharing of benefits’ with them. The Convention is short on mechanisms for
achieving these gads, but even 0, it is of limited applicability here because it does not gpply to
biologica resources taken and commercidized in the pagt.

This being the case, we take the view in this strategy that first nations property rightsin their
traditional knowledge of the uses of biological resources are inalienable, and that these rights
were not extinguished when this knowledge passed into the public domain because prior
informed consent was not really given, nor wasit redlized a the time by ether party that such
knowledge could evertudly provide the bases for economicaly vauable products. To this extert,
appropriated traditional knowledge is Smilar to pirated computer software. It isthuslegitimete for BC
firg nations to daim both aborigind title to certain land and its fauna and flora (under the condition of
continuous occupancy according to the Supreme Court’ s criteriain the Delgamuukw (1997) decison)
and perhgps some form of title to their traditiona knowledge about these resources at the time a which
the Crown asserted sovereignty over the land subject to thetitle. Just as some lands were continuoudy
occupied (possessed), so was traditional medicing plant knowledge —used, reinvigorated, and
expanded on afrequent basis. But even if aclaim for title to such knowledge can be made, as we see
below, thistitle will bring no benefitsto first nations peoples

At the same time, there are many other legal avenues for first nations to pursue here without
turning to the issue of aboriginal title. These include contract law and breach of oral contract,
tort and trespass, contract and the law of unconscionability, etc. First nations, in other words, do
not have to achieve aboriginal title to traditional knowledge to “ claim” it.

Whether or not aborigind title can be damed for some forms of traditiona knowledge, it is certainly
the case that indigenous knowledge of the uses of biologica resources and associated gathering and
practicesisan aborigind right as protected by section 35(1) of the 1982 Condtitution Act. Aborignd
rights have been daborated by the Canadian Supreme Court in R. v. Van der Pest (1996) 2 SCR 507:
“It is precisdy those present practices, customs and traditions which can be identified as having
continuity with the practices, cusoms and traditions that existed prior to contact that will be the basisfor
the identification and definition of Aborigind rights under s.35(1). Where an Aborigind community can
demondrate that a particular practice, cusom or tradition isintegrd to its distinctive culture today, and
that this practice, custom or tradition has continuity with the practices, customs and traditions of pre
contact times, that a community will have demondrated that the practice, cusom or tradition isan
Aborigind right for the purposes of s.35(1) (at para. 63).” Thus no one would claim that the practices,
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customs and traditiond uses of medicind faunaand flora, for example, did not exigt prior to contact or
that present practices did not evolve from these and have continuity with those of pre-contact time.

Aborigind property rightsin traditional knowledge mugt be eventudly harmonized with the provincd
and federd legidative regimefor intelectua property. (Intdlectud property law islargdy federd while
issues of land ownership and aivil rights are largdly provincid). But even if aboriginal rights or title
can be asserted legally to traditional plant knowledge taken in the past, once the knowledgeis
recorded and published, it is gone. Land can be restored. Knowiedge cannot. And aboriginal title
to appropriated knowledge is an empty concept.

It is not possble to accurady estimate the vaue of even medicind/nutraceutical products which were
found through firgt nations knowledge and commercidized over the pat fifteen years or so, much less
sncethetime of contact or of sovereignty.

In BC, if we condder just the recording of the names of first netions medicind plants and their
asociated illnesses, approximately twenty five to thirty percent of the entire knowledge base has
passed into the public domain. This meansthat mogt of it isdill privatdy or collectively hed by first
nations. Beyond its spiritud vaue to aborigind peoples, this knowledge baseisa commercid resource
for the identification of new herbd dietary supplements and nutraceuticals. This knowledge baseis
evanescing rapidly with the degth of the eders.

The province should therefore set up atraditional knowledge fund, which would be used to pay
modest annua honorariadirectly to firg nations dders knowledgegble in the medicind and nutraceuticd
uses of faunaand florato continue their regular work. Each band has &t least one medicind seward
with such knowledge, well-recognized and identifiable by the community. These people, often
impoverished, have difficulty recruiting young first nations gpprentices, who have logt interest. Thisfund
should therefore s be used to directly pay first nations apprentices a sdary to absorb this knowledge.
All of thismust be done on anon-disdosure beds, otherwise it will not work. The main objective of this
fund isto keep this evolving knowledge base dive and growing. There are 191 bandsin BC. Paying
each firgt nation ethnobotanist amodest sdary of $20,000 per year and $10,000 yearly to two
apprentices eech per band would cost the province roughly $ 7.6 million annudly, atrivid invesment in
perpetuating an economicaly vauable knowledge resource. Although it isnot possible to redigticdly
edimate the potentiad revenues which will arise from forest substances ethnobotanicaly identified in BC,
we have seenin Part |. that 1998 collective worldwide revenues for nutraceuticas are between US $10
billion to US $2 hillion.

At the sametime, much can be done to ensure aborigind control of, and finandia recompense from,
undisclosad traditional knowledge and given the injunction of ordered business development, itisinthe
government’ sinterest to try to achieve both of these gods. Thusthe provincid government should draft
and enact badic accesslegidation which (1) recognizesfirg nations as owners of treditiond knowledge
and practices concerning the uses of fauna and floraon ther traditiond territories, (2) obligetes parties
seeking commerddly useful traditiond knowledge from firgt nations peoples or bioprospecting directly
ontraditionally-held territories presently or in the future to contract with gppropriate firgt netionsto: fully
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inform locad  communities about the project and seek ther prior informed consent. Thisinforming
should indlude a description of the project’ s objectives, whereit will take place, species sought,
quantities to be harvested, duration, nature of product, anticipated markets and sales and reated
informetion; (3) share direct fiscd bendfits, that isfair and equitable compensation, with firg nations
when the project resultsin commercidizations. These bendfits could take the form of roydties, materid
trandfer fees, contributions to capacity building, and other forms. (Having signed and ratified the 1992
Convention on Biologica Diversty, Canadais actudly obliged to enact such legidation).

We have noted in passing that companies throughout the world are seeking not merely indigenous
knowledge but indigenous genes for commercid products Severd legidative reponsesin these
countries have forbidden the collection, use, commercidization or patenting of first netions genes and
related body materids. Thisissue must be recognized but is beyond the scope of thiswork to andyze.

All bioprospectors should aso be obligated to deposit duplicate samples of BC biologica resourcesin a
designated ex-situ herbarium, and thislegidation should exempt the exchange between firg nation
communities of biologica resources or related traditiona knowledge or practices. Throughout the world
and in other parts of Canada (Scientists Act of the Northwest Territories, 1974) there is equivaent
established or emerging legidation. If properly modified, some of these legidative frameworks could
sarve asamodd for BC. Progressve BC legidation would ultimately pay off busness-wise.
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