
atives
Wild Mushrooms and

hat is often missing from
ecosystem management is
the knowledge that local
people have about their for-

ests. Native American communities
in particular may possess exception-
ally long oral records of ecosystem
components and functions and have
strong traditions for using the re-
source. Native Americans’ knowledge
of ecological dynamics is often re-
flected in prescribed ways of digging
edible corms and bulbs to increase
production, for example, and prun-
ing shrubs to encourage shoots for
basketweaving (Blackburn and An-
derson 1993).

Determining the relationships be-
tween ecological dynamics and Native
American cultural practices is espe-
cially important for managing the
plants that tribes have gathered for
generations. Since many species are
now commercia l ly  co l lec ted for  the  f lo-
ral, herbal, or culinary markets
(Schlosser and Blatner I994),  forest
managers need to understand the eco-
logical requirements for sustaining
these plants.

Traditional tribal practices of the
Karuk tribe, whose ancestral lands
follow the Salmon and Klamath Rivers,
included sustainable harvesting of
tanoak  mushrooms.

Forest Health
By Rebecca Templin Richards

Western Forest Fungi
The harvesting of forest products

for culinary, household, and medicinal
purposes by Native American tribes
has been documented in pioneer di-
aries and by anthropologists and
ethnobotanists. Despite the vast num-
ber of plant species known to have
been used by western Native Ameri-
cans, however, few accounts mention
tribal use of wild mushrooms (Tevis
1952; Weber et al. 1992). Many edible
species of mushrooms fruit during late
fall or early spring, when other wild
plant foods-berries, acorns, roots,
greens-are not available. Raw mush-
rooms are rich in niacin and provide
some protein and carbohydrates; they
are also exceptionally high in such
trace minerals as phosphorus and
potassium (Watt and Merrill 1963).
Nevertheless, in western North Amer-
ica,  only a  few mushroom species  have
been documented as an important
component of tribal diets (table 1, p.
7). The lack of anthropological records
may reflect phobias about wild mush-
rooms (Arora 1991) more than the de-
gree to which tribes actually harvested
and used them.

Many edible fungi grow in western
North America (USDA-FS 1993). In
recent  years ,  these mushrooms have at-
tracted commercial  pickers  who supply
domestic and international markets

(Lipske 1994). The boom may pose
risks to forest health, since fungi serve
critical ecosystem functions as mycor-
rhizal associates that extend tree root
systems and provide water, nutrients,
and other benefits (O’Dell et al. 1992).
Ecological concerns over commercial
harvesting have not been thoroughly
addressed because of the lack of long-
term scientific studies on fungus re-
generat ion and forest  ecology (USDA-
FS 1993). In particular, research has
not identified how fruiting is initiated
in most species, how the fruiting bod-
ies  are  distr ibuted in t ime and space,  or
what  ecological  role  edible  mycorrhizal
fungi play in maintaining forest health
and productivity (USDA-FS 1993,
1996).

Native American elders’  knowledge
of fungus fruiting patterns and fluctu-
ations, habitat conditions, and re-
sponses to disturbance over many
decades may be useful. The objectives
of this study were to describe Karuk
use of tanoak, or matsutake, mush-
rooms and indicate how the tribe’s
knowledge could benef i t  forest  ecosys-
tem management.

The Tanoak  Mushroom
Of the wild mushrooms harvested

in the Pacific Northwest, the white or
North American matsutake (7%
choloma  magnivelare),  known locally as
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the tanoak or pine mushroom, is the
most commercially valuable (Schlosser
and Blatner 1995). This mushroom is
sold to Japan as an acceptable substi-
tute for the Japanese native species,
Tricholoma matsutake. A traditional
food, the Japanese species is a noncul-
tivated native of red pine (Pinus  densi-
flora) forests (Hosford et al. unpub-
lished) and is highly prized during its
limited season of  a  few weeks
in October, when it com-
m a n d s exorbitant prices
(Martin and Martin 1970).
As the productivity of Japan-
ese  Tricholoma matsutake has
steadily declined in recent
years ,  demand for  the Ameri-
can species has rapidly in-
creased: harvest of American
Tricboloma magnivelare in
Washington jumped from
2,600 pounds in 1989 to
106,327 pounds in 1990
(USDA-FS 1993).

Few ecological studies have been
conducted on the North American
species (Hosford and Ohara 1994;
Hosford et al. unpubl.). Although
tanoak  mushrooms form mycorrhizae
with a wide range of hosts, commer-
cial harvesting has been concentrated
in the lodgepole pine (Pinus  contorta)
and red fir (A&es magnz!ca)  forest
community types in the higher eleva-
tions (4,000  to 5,000  feet) of the Cas-
cade Range of Washington and Ore-
gon and the Siskiyou and Klamath
Mountains of southern Oregon and
northern California. The latter area
includes the ancestral land of the
Karuk people. Much Karuk ancestral
land became part of the Klamath Na-
tional Forest in 1905 (Davies and
Frank 1992). The earliest documenta-
tion of Karuk use of tanoak  mush-
rooms dates from the 1939 ethno-
botanical field studies of Schenck and
Gifford (1952),  who reported, “A cer-
tain mushroom, found in November,
is cooked on coals and eaten.”

Among the Karuk, Yurok, and
Hupa peoples, Tricboloma magnive lare
is  known as the tanoak mushroom be-
cause it is associated with tanoak
(Lithocarpus densiforus)  hosts. The
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Karuk consider the tanoak  mush-
room-baiwish  in the Karuk lan-
guage-an important traditional
food. It is undoubtedly the mush-
room to which Schenck and Gifford
(1952) referred.

Until about 1991  there was little
commercial harvesting on Karuk an-
cestra l  lands .  As  commercia l  p ickers  ar -
rived in greater numbers, local tribal

Commercial demand for edible wild

fungi that have symbiotic associations
with trees may affect forest health if

harvesting depletes the resource.

Native Americans’knowledge of the
dynamics of the tanoak  mushroom

(Tricholoma magnivehre), a Pacific

Northwest fungus, may prove useful to
forest managers.

members complained that their tradi-
tional gathering sites, many on Forest
Service land,  were being overharvested.
In early 1993,  the Karuk appealed the
Klamath National Forest’s decision to
al low a  commercial  mushroom season,
and forest managers issued no com-
mercial permits for autumn 1993. As
part of a study to identify the different
resource values assigned to Eicholoma
magnivelare and the basis for the re-
source conflict on the Klamath Na-
tional Forest (Richards and Creasy
1996),  I conducted interviews to doc-
ument Karuk tr ibal  knowledge and use
of  the  mushroom.

Research Design
Quantitative methodology can ob-

tain responses representative of the
population through a random sample

and control for variables through a
standard questionnaire, but to obtain
and verify detailed explanations for a
particular social group, a qualitative
methodology is needed. Personal in-
terviews were chosen for  this  s tudy be-
cause tribal members had to be se-
lected for their knowledge of tanoak
mushrooms. A qualitative design was
also appropriate given the lack of in-

formation on tribal mush-
room harvest ing and the con-
sequent  lack of  hypotheses to
test. Qualitative research
methodology al lows evidence
to be collected and other pos-
sible explanations to be elim-
inated during the investiga-
tion rather than before
(Maxwell 1996).

During November 9-22,
1993, I interviewed Karuk
tribal members who were
considered knowledgeable
about tribal traditions and

tanoak mushroom gathering. The
tribe numbers fewer than 3,000. Be-
cause those who still live on ancestral
lands along the Klamath and Salmon
Rivers are widely dispersed, the num-
ber of people who could be inter-
viewed in the time of the study was
limited. Scheduled, semistandardized
interviews (e.g., Berg 1995; Marshall
and Rossman  1995) were held with 10
Karuk men and women who had
grown up on the Karuk ancestral vil-
lage lands near Happy Camp, Ti Bar,
Somesbar, Orleans, and Forks of the
Salmon. The five  men and five women
ranged in age from early 30s  to late
80s and most of them were consid-
ered elders.

Interviewees were selected through
both purposeful and snowball sam-
pling (Miles and Huberman 1994).
Those purposefully selected were
tribal elders and younger but cultur-
ally knowledgeable tribal members
identified by the Karuk Department
of Natural Resources. They in turn
suggested others, and in many cases,
these snowball sample suggestions
overlapped with the purposefully se-
lected individuals.

Because of  controversy over  the Kla-



math National Forest’s decision not to
issue commercial permits, most tribal
members  were ret icent  about  being in-
terviewed. I therefore explained the
general  nature of  the quest ions I  would
be asking. The interview included
questions about host trees, soils, and
other environmental conditions sup-
porting tanoak mushrooms. In Eng-
lish, I asked how tanoak mushrooms
were gathered,  how many mushrooms
were commonly harvested, and how
mushrooms were used and distr ibuted
among tribal  members.  To enhance va-
lidity, I used “member checks”: at the
end of  the interview I  asked the person
to verify or confirm the descriptions
offered by others. These member
checks were compared until a regular
pattern of harvesting practices and
mushroom knowledge was establ ished
(Maxwell 1996).

To put people at ease, I did not tape
interviews but took notes that I later
transcribed, following the semistan-
dardized protocol. I then analyzed
these transcripts for the general pat-
terns in commonalities and differences
fol lowing standard guidel ines  for  qual-
itative data analysis (Miles and Huber-
man 1994). I have bracketed species

nomenclature following Arora (1986)
for fungi and Hickman (1993) for
higher  plants .

Research Findings
The Karuks I interviewed con-

firmed that they had picked tanoak
mushrooms either continually or at
regular intervals since childhood.
Several of those interviewed were in
their 80s and said they had picked
tanoak  mushrooms every year since
c h i l d h o o d .

The tribal members interviewed
were consistent about where tanoak
mushrooms fruited. Mushroom habi-
tat  was described as r idges,  usually fac-
ing north, with moist but well-drained
soils. One elder summarized this pro-

All 10 tribal members had learned
to identi fy  the tanoak  mushroom f rom
its distinctive cinnamon-like odor.
One woman recalled, “Once I came
home with a  whole  sack of  mushrooms
and Mom picked through them and
threw them all out except one. She
could always tell by the smell. She was
real good at finding mushrooms.” The
odor made identification easy, but
there were other clues:  “It  doesn’t  break
like a stick. It is stringy.”

file: “You look for places where they
are buried in red dirt or shale. Some-
place where it is not real damp but
where i t  doesn’t  dry out .  They come in
after it rains where the soil holds the
moisture .”

Interviewees noted that specific
fungus successional  patterns were asso-
ciated with tanoak mushrooms. One

Most said that tanoak mushrooms
general ly fruited after  a  warm rain and

said, “When the grandmas [Ramaria

then a period of clear weather:

sp.] came in, the tanoak mushrooms

“They’re not in snow, but they need
initial rain and then clear weather.
With a lot of rain they rot. The season

would fruit a week later. Mom looked

lasts about a month.” One woman
noted that tanoak  mushrooms fruited
“in the fall, after a couple of weeks of
warm rain. If you have warm rain and
warm weather until they start coming
up, then you can [harvest in] the same
area approximately every five to 10
days.” She thought tanoak  mushrooms
needed a “resting time,” and when they
weren’t  fruit ing upriver ,  she often went
downriver, “where it is warmer.” Sev-
eral  tr ibal  people said they often found
tanoak  mushrooms af ter  a  l ight  snow.

Table 1. Documented use of wild mushrooms bv Native American tribes of western North America.
T r i b e S c i e n t i f i c  n a m e C o m m o n  o r  n a t i v e  n a m e Use R e f e r e n c e

T a o s  P u e b l o T r i c h o l o m a  p o p u l i n u m P o p l a r  t r i c h o l o m a F o o d A r o r a  1 9 9 1

Alaska and British
C o l u m b i a  C o a s t  S a l i s h

Agaricus s p .  a n d
Tremellodon  sp.

Common mushrooms
a n d  w h i t e  j e l l y  f u n g u s

F o o d T u r n e r  a n d  B e l l  1 9 7 1

Sierra Nevada Miwoks,
Yokuts, and Paiutes

M o r c h e l l a  s p .  a n d
unknown taxa

Morels and a cup fungus F o o d K .  A n d e r s o n ,
p e r s .  c o m m u n .  1 9 9 3

S o u t h e r n  C a l i f o r n i a
Coast Chumash

Unknown taxon S h e l f  f u n g u s F o o d Timbrook 1990

Northern CaliforniaYuki Pleurotus  sp. Oyster mushroom F o o d Y u k i  t r i b a l  m e m b e r ,
p e r s .  c o m m u n .  1 9 9 3
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for the granny mushrooms
first. That would be a sign
that the tanoaks  would be
up.” One tribal member be-
lieved  mushrooms
were called grandmas or
grannies because they were
the generation before the
tanoak mushrooms.

All noted a wide range of
host trees but agreed that tanoak
(Lithocarpus  densz$orus),  madrone (Ar-
bzltus  menziesii),  and to a lesser extent,
chinquapin (Crysolepis  sp.) were the
most common. One elder commented,
“We call them tanoak mushrooms
since they are always under tanoak,  but
I’ve found them under firs, black oak,
and white oak, but not in abundance.”
(Presumably the firs are Abies  sp. and
Pseudotsuga  menziesii,  black oak refers
to Quercus  kelloggii,  and white oak
refers to Quercus garryana.) Two
women also found them in rhododen-
drons (Rhododendron sp.).  One said
she never found them under sugar
pines (Pinus  lambertiana).

Two people had heard the belief
that the Karuks ate tanoak mushrooms
because deer ate them. One man said,
“By the time the deer find them, there
aren’t any left to pick.” One women
noted that the mushrooms fruited
when “it is too cold for bears. I have
never seen signs of bears eating them.”
Another woman said, “Bears go further
up from where the mushroom grows.”
According to several, it was not un-
common for squirrels and other ro-
dents  as  well  as  insects  to eat  the mush-
rooms.

Several people thought the tanoak
mushroom was fruiting less abun-‘
dantly than in the past, and no one
suggested that the mushroom was
fruiting more. They said they had not
found as many mushrooms as in the
past and generally attributed the
scarcity to increased harvesting. “I’ve
picked since I was a little girl,” said
one. “I  didn’t  have to go far from home
up the hill. Now I go to the same
places and the same areas and can
hardly find any.” Another commented,
“We’ve been out and seen areas with
signs of raking. We saw commercial
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pickers before I987  but no buyers. I
saw people picking the last few years
since I989  by big carloads.  We used to
pick by the roads because the elders
couldn’t walk far. . . . now we have to go
further into the woods.” She added,
“They aren’t as plentiful as they were
before but then the weather is differ-
ent, too. We’ve had milder winters.”
Some people said the tanoak mush-
room did not fruit as heavily after se-
vere fires,  such as those of 1989.

Several people used to pick tanoak
mushrooms while gathering acorns-
the main food in the Karuk traditional
diet. Others picked tanoak mushrooms
after they had gathered acorns because
“acorns came before tanoaks.” Some
located tanoak mushrooms in  th is  way:
“You lie on your side and look up to-
ward the hill. Yes, you get wet but you
get wet anyway because you are bend-
ing down picking up acorns!” After
looking up the slope, they looked for
“humps of leaves” or “white spots
under the leaves.” Then, “You move
the leaves with your hands.  If  you see a
hump, you move the leaves.” Whether
a mushroom was there or not, “you
put the leaves back.” Several people
said tanoak mushrooms grew in a line
downslope from a host tree; once they
found one mushroom, they would
look down the line for more.

Methods of picking tanoak mush-
rooms varied. Some people broke the
mushroom “with a twist.” Others
pulled the mushroom out: “You pick it
by pulling up from the stem,” and
“Most of the time it pulls right out.”
One Karuk used a knife and cut the
mushroom from its stem.

All the interviewees left the small
buttons and often old mushrooms as
well. One person said, “We didn’t dig
for the ones underground. We left the

older ones and picked the
younger  ones  above  the
ground, about three to four
inches before the cap opens.”
Another always left the old
mushrooms “to spore out,”
and a third picked some of
the old mushrooms and
“threw them down the hill”
to dis t r ibute  spores .

One person did pick large mush-
rooms. “My son picked one the size of
a plate a few years ago,” she reported.
“It was so big we ate the stem for sev-
eral days!” All interviewees noted the
importance of leaving some mush-
rooms, and all believed, as one put it,
“They should come back every year if
you pick them right .  They always came
back where we were picking.”

Most of the Karuks I interviewed
made several  gathering tr ips during the
tanoak mushroom season. Elders who
had lived near their family gathering
sites would go out nearly every day,
often for recreation, during mushroom
season.  The amounts that  older  people
had once gathered were considerable.
One elder said, “We probably ate 100
pounds in a season. We used to bring
gunnysacks half-full home. We’d eat
them morning, noon, and night. We
canned them once in a while, but with
six or seven in the family, we would
cook a mess and eat them all. Then
we’d go get some more.” One of the
oldest people I interviewed said, “We
picked in Indian baskets, about two
feet in diameter and about one foot
deep. That was about one half of a five-
gallon bucket.  We would pick one bas-
ket at a time.” In recent years, they had
picked “two onion sacks full when I
can [am able]” or “two to three five-
gallon buckets in a season, usually a
bucket at a time.”

Lessons from Ethnoecology
The knowledge of Native American

mushroom gatherers may help answer
critical questions about the role of edi-
ble fungi in forest health. Tanoak
mushrooms are associated with numer-
ous tree species in a wide range of habi-
tats, and these local ecological adapta-
tions and specific habitat requirements



need to  be better  understood (Hosford
et al. unpubl.).

Long-term documentation of eco-
logical conditions for these mush-
rooms has been confined to mideleva-
tion grand fir (Abies  grandis)  and west-
ern hemlock (Tsuga heterophyLLa)  sites
in the Cascades of central Washington
(Hosford and Ohara 1994). Here, the
mushrooms are  found on gentle  s lopes
or benches, often with a southwest as-
pect, after relatively warm rain from
early September to mid-November.
Understory vegetation, generally
sparse, includes vine maple (Acer  circi-
natum)  and five ericaceous species.
Soils at these sites are sandy and well
drained with less than 25 percent or-
ganic matter (Hosford and Ohara
1994; Hosford et al. unpubl.). Differ-
ences in seasonal production are di-
rectly related to rainfall and tempera-
ture. Fruiting occurs when annual ac-
cumulated rainfall reaches I4 centime-
ters  or  more and temperatures  average
above 5” C (Hosford et al. unpubl.).

In the Klamath bioregion, ridges
with northern aspects  and well-drained
“red” or granite soils were the most
common habitat reported, and warm,
wet late  summers fol lowed by early au-
tumns with cold temperatures near
freezing and often a  l ight  snowfal l  were
the favorable meteorological condi-
tions. Aspect may account for the dif-
ference:  in the Cascades,  summers tend
to be cooler and wetter than in the
lower-elevation Klamath bioregion,
with its hot, dry summers. Since the
mushroom requires both warm and
wet summer conditions, northern as-
pects  in  the  Klamath bioregion may be
more productive than the southern as-
pects of  the Cascade slopes.

Similarly, a light autumn snow may
both insulate the soil and prevent soil
desiccation, thereby ensuring more
warmth and moisture  just  before  frui t -
ing. Such seasonal requirements may
be important  environmental  indicators
for forest managers who need to pre-
pare commercial harvest plans and
monitor and enforce mushroom-har-
vest ing requirements  without  knowing
in advance whether a season will be a
boom or  a  bust .

The host trees consistently men-
tioned by the Karuks were tanoak  and
madrone,  which mycologists generally
consider the most common hosts in
coastal California (Arora 1986). That
some Karuks reported finding tanoak
mushrooms under rhododendron is
consistent with observations from the
Cascades that the fungi also favor eri-
caceous shrubs, like rhododendron,
huckleberry, and manzanita (Arora
1986; Hosford et al. unpubl.).

Harvesting Patterns
The Karuk people traditionally ate

tanoak  mushrooms in the late autumn
and early winter, when other foods
were limited. Their observations of
deer eating tanoak mushrooms indi-
cate that they recognized the nutri-
tional value of the mushrooms to
wildl i fe ;  as  some interviewees bel ieved,
the observation may have inspired
human consumption. Similarly, the
fruiting habits of the mushroom were
probably careful ly observed,  and these
observations may have shaped Karuk
mushroom management pract ices .

Spores were cast downhill to en-
hance the fruiting line that many
mushroom pickers said occurred natu-
rally (Richards 1995). Spore removal
has generally been considered detri-
mental to sustaining productivity, and
in Japan, older matsutake are replanted
in the same s i te  to  ensure regenerat ion
(Hosford et al. 1994). In the Klamath,
replacing the leaf  l i t ter  may provide the
necessary insulation for fruiting of im-
mature “buttons.”

All the Karuks I interviewed had
gathered the tanoak mushroom since
they were children and had been
taught common gathering practices.
They believed these practices-espe-
cially twisting the mushroom so as not
to disturb the mycelium and leaving
small mushrooms to continue to
fruit-sustained the mushroom. Their
practices are consistent with those of
other Native American tribes in the
Sierra Nevada, where other species of
wild mushrooms were harvested by
Miwoks, Yokuts, and Paiutes: “We
used to gather mushrooms under the
pines. The dirt would puff up under

pine needles.  We’d use a knife  to s l ice i t
so the root would stay in the ground.
Mother said it was important to leave
star ters  for  other  mushrooms” (Ander-
son 1993).

Tribal  gather ing pract ices  may show
modern pickers a way to harvest sus-
tainably. Many commercial pickers de-
bate cutting versus twisting, saying
that certain species, like chantrelles
(Cantbarellus  sp.), benefit from cut-
ting, but others, such as matsutake,
produce more from twisting. Since
heavy raking and overharvesting by
some commercial pickers allegedly de-
stroy the mycel ium, prevent  regenera-
tion, and curtail future production
(Richards 1995; Hosford et al. 1994),
forest  researchers  need to study the ef-
fects  of  cut t ing versus  twist ing,  leaving
old mushrooms and young buttons,
and replacing the leaf litter.

Implications for Management
Although the Karuks whom I inter-

viewed indicated that mushrooms did
not fruit abundantly after severe fires,
the effects of light fires, timber har-
vesting, and other disturbances were
not reported. Several people recalled
the except ional  s ize  of  mushrooms they
had collected in the past. Their memo-
ries are confirmed by an old newspaper
ar t ic le  g iven to  me by  a  t r iba l  member :
“Lott ie  [a  Karuk woman] has just  com-
pleted her  mushroom gathering for  the
year. Each year, she and her sister.. .
pick and can at least 40  quarts of
mushrooms.  This  has  been a  good year ,
probably due to  the warm August  rain
which caused rapid growth. These
large,  f lat  mushrooms which grow near
tanoak,  measure up to nine inches in
diameter and a large specimen can
weigh as much as two pounds” (Cham-
berlain, date unknown). A recent de-
cline in the abundance or size of the
mushrooms might indicate landscape-
level changes in disturbance patterns,
such as forest management practices
and fire regimes, or even global
changes, such as climate or atmos-
pheric shifts.

In fact, disturbance regimes have
changed considerably in the Klamath
bioregion since the arrival of miners in
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the 1850s  brought an end to traditional
Karuk tribal life. Fire suppression has in-
creased in this century,  and clearcutt ing,
widely practiced in the 195Os,  ended
only in the 1970s.  That the mushrooms
do not abundantly fruit  after severe fire
may suggest that leaf litter, which may
retain moisture at the soil surface as well
as insulate it, is important to production.
Clearcutt ing would also remove the for-
est litter and thus suppress mushroom
growth. Both fire and logging remove
tall conifers, allowing the host hard-
woods to sprout quickly.  When fire was
suppressed and the logging ended,  the
hardwoods were succeeded by conifers.
More recently, however, because of the
lack of selective harvesting of conifers,
reverse succession has allowed the hard-
wood species to dominate many mixed
evergreen stands (USDA-FS 1995).

Because the dominant host trees in
the Klamath bioregion are tanoak and
madrone, forest management practices
that select for conifers inhibit mush-
room production. Selective timber har-
vesting of mixed evergreen stands to re-
tain large overstory hardwoods, how-
ever, could promote mushroom

. growth. In particular, thinning prac-
tices that foster hardwood crown ex-
pansion prevent transpiration loss and
ensure sufficient leaf litter to insulate
the soil during the hot summers and
maintain the host tree nutrient pool.

How tanoak  mushrooms respond to
methods of harvest, soil compaction,
fire regimes, and timber management
pract ices needs addit ional  s tudy.  Quali-
tative research with the Karuks is ur-
gent: since 1993,  when my interviews
were conducted, one of the oldest
Karuk elders has died, and with her has
passed not  only cul tural  knowledge but
invaluable ecological information as
well. The traditional knowledge of Na-
tive American plant gatherers is a re-
source for forest researchers and man-
agers concerned with sustaining biodi-
versity and forest health through eco-
system management. Increasing public
participation opportunities so that Na-
tive Americans can contribute their
tribes’ knowledge of forest  species wil l
ensure better adaptive management and
more sustainable forests.  m
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