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a b s t r a c t

Matsutake mushrooms are among the most prized and expensive mushrooms on earth. Since the 1980s
NW Yunnan Province has become the largest exporter of Matsutake in China, and money from their sale
has become crucial to local livelihoods and to the provincial tax base. Amid fears of declining productiv-
ity, regulations have been enacted to control Matsutake harvest, though enforcement remains largely in
the hands of harvesters themselves. Here, we measure local harvesters’ perceptions of the ecological
determinants of mushroom productivity in contrast to that of the outsider conservation community.
We interview 122 harvesters in eight villages in Diqing province, NW Yunnan to determine what is per-
ceived to be detrimental to Matsutake yield, how yield can be improved in the future and who harvesters
trust for information. Our results indicate that village leaders and forestry officials are overwhelmingly
the most trusted sources for information. Mann and Whitney U tests show general consensus among vil-
lages, and MRPP analysis shows general consensus within villages. One village showed significantly
higher levels of trust in NGOs. Of the 86% of harvesters who had perceived declining productivity trends
over the past 10 years, soil disturbance, climate change, and habitat degradation were most often-cited as
causal factors. Log-linear analysis showed almost no significant interactions between perceptions and
harvester demographics. Environmental protection and reducing soil disturbance were most often-cited
as potentially increasing future yields. We suggest that local and outsider knowledge are complimentary
in this system, and that forestry officials and village leaders provide the best conduits for management
information.

! 2009 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Non-timber forest products in SW China

NW Yunnan Province and the Hengduan Mountains partially
contained within lay claim to roughly one-fifth of China’s vascular
plant species, one-fourth of the nation’s species of mammals and
one-third of its bird species (Ou, 2003), ensuring this region’s high
rank in global conservation importance. This remarkable biodiver-
sity, coupled with stunning scenery and rich cultural heritage, has
led to the region’s designation as a Global International Biodiver-
sity Hotspot (Mittermeier et al., 1998), and a World Natural and
Cultural Heritage Site.

Non-timber forest products (NTFP) are, and have long been,
essential to livelihoods in this region of the Eastern Himalayas
which lie along major Sino-Burma and Sino-Indian trading routes

(Salick et al., 2005). Written records indicate that trade in the
medicinal caterpillar fungus, Cordyceps sinensis, as well as other
important medicinal plants, was brisk as early as the 19th and
early 20th centuries as documented by plant explorers to the re-
gion (Winkler, 2003; Ward, 1990; Cooper, 1871). In fact, the Tibe-
tan name for the mountain range which dominates this prefecture:
Menri, translates to ‘‘Medicine Mountains” (Anderson et al., 2005),
denoting their historical role as a source for Tibetan and Chinese
materia medica.

Social policy, initiated under Chairman Mao, however, changed
the trajectory of land-use patterns (Salick et al., 2005; Xu and
Ribot, 2004; Shapiro, 2001; Richardson, 1990) and as late as 1993,
although trade in non-timber forest products and other sources
of income were prevalent, as much as 80% of Diqing prefecture’s
income came from logging (Melick et al., 2007; Weyerhaeuser
et al., 2005; Yeh, 2000). In 1998, a series of disastrous floods
prompted the Chinese government to enact a commercial logging
ban in natural forests (Zhang and Wu, 2000), and trade in NTFP
again rose in prominence. In areas of contemporary Diqing, esti-
mates of the percentage of income earned from NTFP ranges from
between 25% and 80% of total household incomes (Arora, 2008; Xu
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and Ribot, 2004; Zhang and Wu, 2000), the majority of which is
from the export of Matsutake to Japan (He, 2003; Yeh, 2000).

1.2. Tricholoma matsutake, novel markets and conservation concerns

T. matsutake, an edible mushroom, has been revered in Japan for
centuries for its distinguished flavor and iconic significance Hosford
et al. (1997). The last century saw dramatic declines in Matsutake
fruiting bodies in Japan. According to Kawai and Ogawa (1981),
Matsutake productivity had declined to less than 10% of its preWWII
levels by the early 1980’s, and Saito and Mitsumata (2008) present
even starker declines. This decline may be attributed to a combina-
tion of Pine mortality due to the introduction of a pathogenic nema-
tode, Bursaphelenchus lignicolus, and a change in forest demographics
following the adoption of natural gas stoves as opposed to wood or
charcoal. Scarcity combined with an unflagging demand among
Japanese consumers has made Matsutake among the most sought
after andexpensivemushrooms in theworld.Asdomesticproduction
declined in Japan, importsofT.matsutakeand closely-related congen-
ers soared. By 1986, Diqing prefecture in the NW corner of Yunnan
Province began to export freshMatsutake andnowexportsmore bio-
mass than any other region in China (He, 2003). Despite Matsutake
collection’s relative novelty here, its impacts on local villages and
on the environment have beenmarked. Today, revenues fromMatsu-
take are the highest of any NTFP or agricultural export in Yunnan,
totaling $44 million for 1300 metric tons in 2005 (Yang et al., 2006).

At present, regulations governing matsutake have been estab-
lished at several political levels. Federally, T. matsutake has been
placed on China’s CITES Category II protected list, requiring permits
for export (Arora, 2008; Xu et al., 2008). At the prefecture level,
harvesting mushrooms smaller than 5 cm is subject to fine. Most
villages have also legislated against destructive harvesting habits
such as removing leaf litter to detect emerging buttons, or exces-
sive excavation to ensure harvest of the entire stipe. Some villages
have enacted harvesting rotations, or have restricted times and
areas that are open to harvest (Yang et al., 2006). Access to village
forests is based on kinship ties, and some villages hire sentries to
patrol forests to guard against poachers. Because many of the vil-
lages in Diqing prefecture are fairly remote, some without road ac-
cess, enforcement of harvesting regulations is either self-imposed
or is reliant on mushroom buyers. These efforts are somewhat con-
founded by an economic premium placed on young mushrooms
with intact partial veils, which can fetch as much as three times
as much money by weight as more mature specimens. Further dis-
incentive for harvesters to allow mushrooms to reach maturity
prior to harvest is the intense competition among harvesters, lead-
ing to the likelihood that undersized specimens left to mature by
one harvester will be harvested by another.

Matsutake collection presumably ameliorates illegal logging
activity, generates tax income for infrastructure, and improves
the living condition and education opportunity of harvesters
(Yeh, 2000). For this reason, many organizations dedicated to envi-
ronmental conservation and economic development have devoted
resources towards projects, propaganda and education programs
directed towards managing a profitable Matsutake harvest. The
most prevalent of these entities are government agencies (provin-
cial and forestry), local and international non-governmental orga-
nizations (NGOs), academics and scientists from national
institutions and from abroad, and representatives of the higher
ranks of Matsutake business, including conglomerate exporters
and their associates in Japan.

1.3. Complimentary ecological information from outside and within

There is ample literature suggesting that local knowledge and
outside scientific knowledge may be complementary for biological

monitoring and conservation efforts (Moller et al., 2004; Sheil and
Lawrence, 2004; Gadgil et al., 2003; Mackinson and Nottestad,
1998). Community based observations may provide increased tem-
poral longitude and sampling effort, while outside scientific obser-
vations may confer a wider geographic perspective and statistical
precision. Effective communication between and within these enti-
ties, in theory, leads to consensus, which facilitates community
organization and conservation action (Ostrom, 2005). Furthermore,
the perception that outside scientific knowledge is ‘‘empirical” or
‘‘true” may help legitimize community-generated knowledge to
land managers. In this way, community-generated knowledge
may be validated and re-crafted, an important step for an ethnic
minority which historically has been socially and economically
marginalized.

Validation of local knowledge is particularly poignant in China
due to the intricacies of land tenure. While all land in China is
the property of the national government, the actual trees growing
in forests are managed by various levels of national or provincial
government, are collectively managed at the village level, or are
leased to individuals (Xu and Ribot, 2004; Dachang, 2001). Access
to NTFP themselves are collectively managed in this region how-
ever, governed neither by land nor forest tenure (although in other
areas of Yunnan NTFP are managed by individual or family units).

Local knowledge of fine-scale mushroom ecology may be in its
embryonic stages. Despite Diqing’s long history of NTFP collection,
mushroom harvest for commercial export is a relatively novel
enterprise, and many aspects of the reproductive biology of fungi
are cryptic and not directly analogous to those of vascular plants.
We suspect that harvesting paradigms and protocols which have
served villages for generations in trading medicinal plants may
not be effective for optimizing short and long-termmushroom har-
vest. While collectors may be very sensitive and reactionary to
anthropogenic affects on plant population demography, the sto-
chastic nature of mushroom productivity from year to year likely
inhibits efforts to establish ‘‘best practice” techniques in the rela-
tively short time that commercial harvest has been viable in
Yunnan.

Conversely, scientific observation of mushrooms on a landscape
scale can be problematic. Assessing what is likeliest the most fun-
damental issue to Matsutake conservation – whether or not pro-
ductivity is in fact declining – is complicated by several factors.
Life-history characteristics common to all ectomycorrhizal mush-
rooms (which include many of the economically important edible
species: Morels (Morchella spp.), Chanterelles (Cantharellus spp.),
and Porcinis/Boletes (Boletus spp.)) make it challenging to estimate
annual biomass productivity based on field sampling. These fungi
form ephemeral mushrooms, and can be difficult to detect in nat-
ural environments, yet their patchy distributions require fairly
large study plots in diverse habitats. Furthermore, experimental
controls have shown that annual productivity (measuring both
biomass and mushroom number) can vary by orders of magnitude
(Luoma et al., 2006), weakening the statistical power of productiv-
ity models. While estimates based on trade records are possible in
theory, variable factors such as market price, access to markets (i.e.
airport and road construction), changes in collection regulations
(i.e. minimum size requirements), harvesting habits or even an
increase in local consumption may affect harvester effort and
confound estimates of productivity trends (Arora, 2008). Further-
more, trade estimates can vary by agency, as exemplified in Yang
et al.’s (2008) reports of Matsutake production in 2003 noted by
the County Government (280 tons) and the Provincial CITES office
(138 tons). While this discrepancy is the most extreme example
reported in their paper, it points to the fact that artifacts inherent
in biomass estimates derived from commercial records may
diminish the utility of such metrics for conservation and scientific
uses.
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Therefore, we suggest that outsider and local knowledge may be
complimentary by each’s focus on different scales. Outsider scien-
tific knowledge may provide insight in ecological processes at the
molecular, physiological, plot-level or global scale, whereas local
knowledge may provide insight into ecological processes at the
landscape scale over the three decades of commercial Matsutake
harvest. Facilitating the bi-directional transfer of ecological knowl-
edge between Matsutake harvesters and the wider conservation
community provides an avenue to transform system paradigms
and address perceived degradations. Devising ways to link those
distinct groups may be the first step in building consensual man-
agement strategies.

First, we evaluate the variance among groups in regards to the
knowledge and perceptions of Matsutake ecology. To compare lo-
cal with outsider knowledge sources, we compare harvester per-
ceptions with a survey of scientific literature. Additionally, we
address variance in knowledge that exists among harvesters, and
test whether those differences correlate with demographic vari-
ables. Previous research has shown enormous variance in ecologi-
cal knowledge and perception partitioned by ethnicity (Atran et al.,
1999), occupation (Tompkins et al., 2002), education (Salick et al.,
2006), gender (Joyal, 1996) and age (Quinlan and Quinlan, 2007).
Recent work in NW Yunnan Province has also shown significant
variance in ecological knowledge among Tibetan doctors despite
geographic proximity (Law and Salick, 2007).

Second, we evaluate the potential for the linking these different
knowledge systems by quantifying harvesters’ relative trust in out-
side entities and media. Our hope is that by characterizing how
trust and perceptions are partitioned among harvesters, we can as-
sess the potential to build consensus among the larger Matsutake
trade and research networks.

1.4. Mushroom conservation: a scientific background

Matsutake is among the mycorrhizal mushrooms which associ-
ate with vascular plants in a mutually-obligate symbiosis. Due to
this complicated chemical and physiological relationship across
kingdoms, attempts to cultivate Matsutake in artificial scenarios
have not been successful, although there is the expectation that
genome sequencing of other ectomycorrhizal mushrooms such as
Laccaria bicolor (Martin et al., 2008), and an unpublished draft gen-
ome of T. matsutake may make such efforts more feasible in the fu-
ture. In Yunnan, as in other parts of the world, the mushroom is
known to associate with a variety of species in the family Pinaceae
(including Pinus armandii, Pinus yunnanensis, and Pinus densata in
our study sites), as well as broadleaf trees and shrubs in the family
Fagaceae (Chapela and Garbelotto, 2004). The North American spe-
cies, Tricholoma magnivelare also associates with a myco-heterotro-
phic plant in the tribe Monotropeae (Ericaceae): Allotropa virgata,
although similar relationships between Asian mushroom species
and sympatric Monotropeae have not been determined. Although
‘‘Matsutake” sensu latu refers to an unresolved taxonomic complex
of economically-important mushrooms including T. matsutake and
T. bakamatsutake, symbiont preference within this group appears
to be phylogenetically diffuse at an intraspecific level. Xu et al.
(2008), for example, found that Conifer versus Oak association de-
scribes only 9% of the genetic variation among populations of T.
matsutake in SW China.

While Matsutake host preference is diffuse, it is unclear how
host association or forest demography affects mushroom produc-
tivity, although observational reports suggest that intermediate
forest age may be optimal. Ogawa (1977) and Tominaga (1978)
both report optimal productivity in Japanese Pine forest stands
ranging from !10 to !50–60 years old. Determining the longevity
of Matsutake patches, however, requires a reliance on site rather

than temporal replication, and stand-level productivity is difficult
to test empirically.

A handful of studies have shown that human activity can dimin-
ish mushroom productivity. Arnolds (1995, 1991), conducted a
study using data from mushroom forays in Europe dating from
1912. His study found a general decline in ectomycorrhizal abun-
dance and diversity throughout Europe. Determining the cause of
that decline has proven difficult, however. Arnolds suggests that
air pollution may be to blame. Multiple studies have shown that
climate change has profound effects on fungal communities (see
Cairney and Meharg, 1999 for a review of pertinent literature). Sev-
eral long-term harvest studies found no significant affect of mush-
room harvest per se on subsequent productivity in ectomycorrhizal
species (Egli et al., 2006; Luoma et al., 2006; Pilz et al., 2003).
Luoma et al. (2006) did find significant differences in mushroom
number and wet weight of T. magnivelare among treatments where
leaf litter was raked above Matsutake fairy rings and not replaced,
and patches where mushrooms were harvested with minimal
disturbance and non-harvested non-disturbed controls. Likewise,
Egli et al. (2006) found that soil compaction does negatively affect
the subsequent biomass production of some ectomycorrhizal
species.

Conserving the genetic diversity of Matsutake may also be a
concern. Matsutake mushroom spore dispersal is physiologically
constrained in early mushroom development by a thin tissue
which covers the gills (known as the partial veil). As the mushroom
matures, the veil partially disintegrates, exposing the gills for wind
dispersal of spores. Several recent studies (Amend et al., 2009a,
2009b; Xu et al., 2008; Lian et al., 2006; Murata et al., 2005) have
used population genetic measures of variance and spatial analyses
to demonstrate that sexual reproduction via spores (as opposed to
hyphal or vegetative reproduction) is the predominant means of
reproduction in Matsutake, suggesting that maintaining spore rain
is important for conserving genetic diversity and gene flow. While
genetic diversity may provide resilience and adaptability to a pop-
ulation, there is no evidence that genetic diversity correlates with
mushroom productivity in the short term.

2. Research design

2.1. Study area

Research was conducted in seven villages located in Xiangelila
and Weixi counties in Diqing Prefecture, NW Yunnan Province,
China, 27.6"N, 99.5"E. This region lies on the eastern slope of the
Himalayas, notable for its extreme topographical variance result-
ing from an uplifting event of the Tibetan plateau 1.1–0.6 Ma, con-
current with increased moisture and watercourse diversification
(Zhang andWu, 2000). The steep elevational gradients contain eco-
types ranging from subtropical shrub, to oak and mixed conifer for-
ests up to alpine meadows and glaciers. Yunnan Province contains
some 25 distinct cultural minority groups, although the mountain-
ous area covered in this study is dominated by ethnic Tibetans who
utilize the steep elevation gradient to diversify agriculture and
NTFP resources (Salick et al., 2005).

2.2. Survey design

Based on preliminary research we had conducted in the area, a
survey was developed. Surveys consisted of 16 questions written in
Mandarin, 10 of which related to demography, and the rest related
to perceptions of matsutake ecology, and finally trusted sources of
Matsutake ecological knowledge. For this last task, harvesters were
asked to rank eight sources of ecological knowledge from the most
trusted source (one) to the least trusted source (eight). Second,
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harvesters were asked whether or not they trusted each of the
same eight sources for useful ecological information about Matsu-
take. These answers were coded in a binary matrix as either Yes or
No. Two open-ended questions were asked: (1) assuming harvest-
ers noticed a negative trend in Matsutake productivity; to what do
they attributed that trend? (2) What could be done to increase
Matsutake productivity in the future?

2.3. Informant selection and informed consent

In consultation with NGOs and forestry officials, villages in the
region were first selected based on known high production of
Matsutake. From that list we established a subset that were acces-
sible by road, and which had daily Matsutake markets. Within each
village we attempted to conduct as many interviews as possible
during the market, and to interview roughly equal numbers of
male and female harvesters from as diverse an age spectrum as
possible (12–60 years old; Table 1). Although discerning the repre-
sentative demographics of harvesters is problematic since some
harvesters send family members to sell mushrooms for them, we
estimate that harvesters are evenly represented by all age classes.
There may be slightly more women harvesters since men are like-
lier to work outside of the village or in high-mountain pastures. In
one village (village number two) we were only able to interview
two harvesters, for this reason these two harvesters were included
in pooled qualitative analyses, but were not included in statistical
tests which included variance partitioning by village.

Prior to completing surveys, permission and approval was
sought from village leaders. A brief description of the project and
its goals, including the contact information and affiliation of the
first author were provided to each participant. Harvesters were in-
formed that all information, as well as the identity of villages sur-
veyed would remain anonymous, and that participation was
optional.

2.4. Data collection

Surveys were conducted in July and August of 2006. Most sur-
veys were conducted in Matsutake markets, although surveys were
occasionally conducted before and after markets in cafes or homes.
Surveys were written in Mandarin and, depending on the literacy
and fluency of the informant, were either self-completed, or com-
pleted with the assistance of bilingual (Mandarin–Tibetan or Man-
darin–Yi) translators.

2.5. Statistical analysis

Rankings of trusted sources were compiled in a matrix. Some
informants preferred not to rank all eight trusted sources, therefore
the number of responses for each source varied. For this reason,
each rank was reported as a percentage of the total response for
that category rather than as a raw response number (Fig. 1). For
the sake of clarity of presentation, only the percentage of the re-
sponses ranked in the top three were represented. A second matrix
was compiled with binary data relating to whether or not a har-
vester trusted each of the eight sources. This matrix was used for
cluster analysis in the software package PAST (Hammer et al.,
2001), using Euclidian distance measurements and bootstrap val-
ues calculated with 10,000 resamples.

The relationship between trusted sources and gender, and
trusted sources and village affinity were partitioned using non-
parametric statistics in SPSS version 16 (SPSS Inc., Chicago, USA).
Chi-square tests were used to test gender-specific trust of NGOs,
and Kruskal andWallis H tests were used to test for village-specific
confidence in village leaders, forestry officials and NGOs.

Mann and Whitney U tests were used to isolate significantly-
different means among pairwise comparisons of villages. Following
Bonferroni-correction, none of the p values of the Mann and Whit-
ney U tests were found to be significant.

The multi-response permutation procedure (MRPP) available in
PC-ORD was conducted to detect whether villages aggregate into
distinct groupings based on trusted sources. MRPP tests the
hypothesis that there are no differences in trusted sources within
villages. For this statistic, A values range from 1 to <0, with an A va-
lue of 1 signifying complete consensus within groups, an A of 0 sig-
nifying a level of heterogeneity within groups expected by chance,
and an A < 0 signifying more heterogeneity within groups than
would be expected by chance.

Answers to open-ended question (1), how were negative pro-
ductivity trends attributed? were placed in categories (Fig. 2a)
based on the following: any answer relating to soil or soil distur-
bance such as ‘‘digging” or ‘‘raking” was categorized as ‘‘soil”.
Any answer relating to disturbances in plant communities such
as ‘‘deforestation” was classified as ‘‘habitat”. ‘‘Human Influence”
encompassed any answer indicating that humans were an agent,
but no causal factors were indicated: an example of an answer in
this category is ‘‘because of humans”.

Answers to open-ended question (2), how to increase future
yields? were likewise categorized. The largest category of re-
sponses included non-specific answers such as ‘‘protect the envi-
ronment” or ‘‘protect the forest,” these responses were
categorized as ‘‘environmental protection” (Fig. 2b). It is not clear
which specific measures were intended in the responses under this
category.

To test the relationship between human demographics, percep-
tions of Matsutake declines and perceptions of measures to in-
crease yields, general log-linear analysis was performed using
SPSS 16. Log-linear analysis considers main and interaction effects
to find the most parsimonious model which can account for cate-
gorical cell frequencies in a crosstable. Hierarchical log-linear tests
of k-way interactions indicated that two-way interactions fit the

Table 1
Demographics of matsutake harvesters interviewed. Decline to State is abbreviated
DS.

Village 1 2 3 4 5 6 7 8 Total

Gender
Males 18 0 8 11 10 8 5 1 61
Females 4 2 10 9 29 3 1 3 61

Education
College 1 0 3 0 0 3 0 1 8
Elementary 10 0 10 7 20 3 2 1 53
High school 0 0 0 1 2 5 0 0 8
Junior high 8 1 4 10 14 0 4 2 43
Not educated 2 0 0 0 3 0 0 0 5
DS 1 1 1 2 0 0 0 0 5

Age
0–25 11 0 8 3 18 6 1 3 50
26–40 6 1 6 13 8 3 4 1 42
41+ 4 0 4 4 13 2 1 0 28
DS 1 1 0 0 0 0 0 0 2

Ethnicity
Tibetan 20 0 18 4 39 9 5 4 99
Lisu 0 0 0 9 0 0 0 0 9
Han 0 0 0 7 0 0 0 0 7
Naxi 0 2 0 0 0 0 0 0 2
DS 2 0 0 0 0 2 1 0 5

Years harvesting
1–5 4 1 3 5 6 0 0 2 21
6–10 5 0 4 9 11 5 3 1 38
11–20 7 1 8 6 10 6 3 1 42
20+ 4 0 3 0 9 0 0 0 16
DS 2 0 0 0 3 0 0 0 5
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most parsimonious model. Therefore, interactions between the
two open-ended questions and the following demographic vari-
ables were tested: level of education, gender, age class (0–25,
26–40, 41+ years old), village affinity, and years harvesting Matsu-
take (1–5, 6–10, 11–20, and 20+ years).

3. Results

3.1. Harvester demographics

One hundred twenty two questionnaires were completed by
harvesters and Matsutake dealers from four ethnic groups (Han,

Tibetan, Yi, and Lisu) in eight villages located in Xiangelila and
Weixi counties in Diqing Prefecture, NW Yunnan Province, China.
Our surveys were heavily biased towards ethnic Tibetans (84%),
the predominant ethno-linguistic group in Diqing.

3.2. Perceptions of productivity trends

Eighty-six percent of those responding to whether there was
more, less or the same amount of Matsutake now compared with
10 years ago indicated that there was less, compared to only 5%
who responded that there was more, the remaining 9% were either
unsure or felt there had been no change.

Fig. 1. Harvesters ranked sources from most trusted (1) to least trusted (8). Because not all harvesters ranked all eight sources, results are presented here as percentages of
the total response for each source (i.e. of those who ranked forestry officials, 48% ranked it highest, 8% ranked it second highest, and 22% ranked it third highest). For clarity,
only the percentages of the three highest ranks are presented.

Fig. 2. The frequency of respondents listing their perceptions of why Matsutake productivity was declining (n = 97 (a)), and what could be done to improve future yields
(n = 81 (b)). Answers were categorized by the authors (see methods for details). ‘‘Harvest rotation” refers to the practice, in some villages, of rotating times or location of
harvest. outplanting mushrooms, ‘‘Plant mushrooms”, was suggested by only one respondent.
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3.3. Trusted sources for Matsutake ecological knowledge

Cluster analysis (Fig. 3) demonstrated that trusted sources
aggregated into four well-supported clades with village leader
and forestry officials in separate clades, posters, radio/television
messages and NGO workers in the third, and the others in the
fourth. Because village leaders and forestry officials were the over-
whelmingly most trusted sources, with trust in NGOs also signifi-
cant, we focused subsequent analyses on these three sources.

3.4. Partitioning variance of trusted sources

MRPP was significant at p = <0.001, with an A value of 0.112,
suggesting a significant, though low level of community consensus.
There were only a few significant deviations from the null model of
no partitioning of ecological knowledge which are detailed below.

Trust in NGOs was partitioned both by village and gender.
Males were likelier to trust NGOs than females by a ratio of
(11:1). While one or two correspondents claimed to trust NGOs
in four villages, seven of 22 respondents in village 1 (31.8%)
claimed to trust NGOs, the only village to deviate from the ex-
pected proportion (Pearson chi-square 17.385, DF 7, p = 0.015).

Kruskal and Wallis H tests showed that neither the proportion
of villagers trusting the village leader (Hcorr = 16.17, p = 0.1442),
nor NGO (Hcorr = 17.21, p = 0.4871), nor forestry officials were sig-
nificantly different among villages (Hcorr = 20.04, p = 0.054).

3.5. Reasons for decline and conservation strategies

Nineteen of 97 harvesters listed soil disturbance as the primary
cause for declining productivity, an equal number listed climate,
and habitat destruction was mentioned third (Fig. 2a). Log-linear
analysis showed only two significant interactions: elementary-
school educated harvesters were less likely to suggest habitat as
a reason for declining productivity (parameter estimate = 17.7,
std. error = 1.076, Z = "16.5, p < 0.01), and harvesters aged 10–25
were less likely to suggest soil disturbance (parameter esti-
mate = "3.2, std. error = 1.55, Z = "2.028, p = 0.043).

Potential solutions listed by harvesters for declining Matsutake
productivity were varied, but ‘‘environmental protection” and
reducing soil disturbance were the most frequently-cited solutions
(Fig. 2b). Solutions directly involving harvest protocols were men-
tioned less frequently.

4. Discussion

4.1. Local and outsider knowledge, perceptions and solutions

In most respects, local perspectives on Matsutake productivity
concurred with findings from the scientific community. This has
not been the case in other studies within the region, such as that
of Law and Salick (Law and Salick, 2007) who found significant dif-
ferences between medicinal plant conservation priority between
Tibetan doctors and conservation officials.

We found that 86% of respondents perceive that Matsutake
abundance is less now than 10 years prior. This concern may or
may not contradict the findings of a study in the same region by
Arora (2008) who found that declining prices, rather than natural
abundances, were most concerning to local harvesters (David
Arora, personal communication). In this study, reasons stated for
declining productivity varied and included factors both endoga-
mous and exogamous. Climate change was one of two most-cited
reasons. Ethnic Tibetans in NW Yunnan are not just cognizant of
global climate change, but in some cases feel culpable for it (Byg
and Salick, 2009). In fact, some of the respondents interviewed in
this study believe that climate is associated with resident deities,
whose appeasement or provocation can affect local weather pat-
terns. To this effect, village number six conducts a ritual perambu-
lation of a sacred mountain every summer to ensure a successful
Matsutake season.

Nearly as many respondents cited habitat degradation as a rea-
son for declining productivity. Because of the commercial logging
ban imposed by the national government in 1998, harvesting trees
in natural forests has effectively ceased. By one estimate this ban
covers two-thirds of the total area of the prefecture (He, 2003).
Habitat degradation in other forms however, includes logging for
local use, and trimming branches and saplings for fodder (Melick
et al., 2007). Elementary-school educated harvesters were less
likely to suggest this reason for declining productivity.

Lack of significant differences found between villages in the
non-parametric tests indicates a general consensus among villages
surveyed, and MRPP analysis demonstrated consensus within vil-
lages as well. Likewise, there was almost complete lack of signifi-
cant interaction coefficients between demographic variables and
perceptions of Matsutake ecology as demonstrated in the log-lin-
ear analyses. Similar to the MRPP and U tests, log-linear results
point towards general homogeneity in perceptions among the har-
vesters interviewed.

4.2. Trusted sources and conservation efforts

Across all demographic groups sampled, harvesters overwhelm-
ingly trusted their own village leaders and forestry officials for
information about Matsutake conservation. Cluster analysis sug-
gests that these two categories were contingent, and that infor-
mants who ranked one source highly were likely to rank the
other highly as well.

Similar to the variance patterns found in perceptions of Matsu-
take ecology, we found that surveys were largely homogeneous in
terms of trusted sources. Village one was the only village to show
significant confidence in NGOs. It should be noted that this village
has interacted with NGOs on several long-term and ongoing pro-
jects, including several research projects relating to Matsutake
monitoring. It is likely that village one’s unusual level of trust in
NGOs stems from that village’s exceptional exposure to NGO staff
on a personal level. Among all villages, information from NGO per-
sonnel was ranked among the top two trusted sources by fifteen
correspondents. While this is less than half of the percentage
compared to the two highest ranks (village leaders and forestry

Fig. 3. Cluster analysis shows that rankings of trusted sources are well resolved in a
dissimilarity cladogram. Forestry officials and village leaders comprise well-
supported clades; NGOs, posters and radio and television messages comprise a
third, while other pickers, Matsutake businessmen and teachers make up a fourth.
Bootstrap values were calculated with 10,000 resamples.
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officials), we do not believe that the role that NGOs play in the
Matsutake conservation community is redundant. The fact that
cluster analysis places NGOs in a separate clade from the other
high ranked sources, and the fact that confidence in NGOs seems
to be village-specific, provides evidence of NGOs’ capacity to reach
alternative audiences. Furthermore, many NGOs regularly interface
with forestry officials and village leaders, and likely act as an
important intermediary between those sources and academics. Be-
cause NGOs are not officially affiliated with the government, and
lack power to impose fines or land-management decisions, their
role may be viewed as less threatening than other entities with
more direct authority.

4.3. Future directives for Matsutake conservation and profitability

This study has highlighted a diversity of knowledge bases,
which may be drawn upon to sustain Matsutake productivity and
profit. While harvester perceptions largely mirrored results found
in the scientific literature, the most obvious exceptions were a dif-
ferential emphasis on population-level genetic diversity. It should
be noted that the scientific and conservation community likely of-
fer divergent perceptions as well (see Tsing and Satsuka, 2008),
although measuring variance among these entities was beyond
the scope of this paper.

While the concept of genetics may be relatively abstract, draw-
ing analogies with facets of livelihood strategies could make the
idea more accessible to harvesters. Tibetan culture is renowned
for its expertise in animal husbandry, an occupation requiring a
fairly sophisticated understanding of core genetic theories such
as inbreeding depression, narrow-sense heritability and hybrid
vigor.

While the harvest of small mushrooms was a regulation cited in
free list by 58% of respondents (data not shown), the fact that so
few listed this as plausible means of increasing future yields points
to a perceived disjunct between harvesting regulations aimed at
economic livelihoods with those aimed at environmental conser-
vation. The equivocal nature of resource ‘‘ownership” facilitates a
conflict of interest when habitat protection and profit are at odds,
and in isolated instances has lead to conflicts between harvesters
and villages (Yeh, 2000) which can only be exacerbated as Matsu-
take becomes more integral to livelihood strategies. Access issues
have also played a part in conflicts arising from the sudden in-
creases in prices of the caterpillar fungus C. sinensis in the high
Himalaya, where conflicts over territory and access have resulted
in armed conflict.

Diminishing yields was the most consensual response of all har-
vesters in our study, and provides evidence that Matsutake bio-
mass has declined over the past decade in Diqing. While this
type of assessment presumably lacks the precision of a plot-based
study, it offers the high replication and temporal longitude neces-
sary to track mushroom demographic trends. Without a better
understanding of what processes or drivers are involved in waning
productivity, however, establishing sustainable management prac-
tices is problematic. Political and land-tenure complications offer
further barriers to conservation implementations.

Ultimately, the precariousness of the Matsutake industry in
Diqing rests on more than just biological determinants. Although
Matsutake are a lucrative resource, their value is pegged to the
economy of Japan, and to their status as non-cultivable. For these
reasons, it may behoove locals and conservationists to use lo-
cally-generated data which projects diminishing biomass in pro-
moting a more diversified economic and habitat conservation
model.

Diversification of knowledge sources has been shown to in-
crease the potential for innovation and conservation action (Folke
et al., 2005). Because there is no significant partitioning of environ-

mental knowledge among harvesters, opportunities for such diver-
sification lie between harvesters and outsiders. There has been
much discussion of the effects of collaborative and participatory
management on local cultures and people. Though we support
the diversification of Matsutake knowledge networks to empower
local harvesters to develop their own management plans, others
have questioned the fundamental basis, political ramifications
and efficacy of conservation and development popularly labeled
‘‘collaborative” (Chapin, 2004; Cooke and Kothari, 2001). Further-
more, Arnold and Pérez (2001) and numerous others question
the fundamental assumption that environmental conservation
and economic development is such a natural pairing as is com-
monly assumed. The last century’s top-down resource manage-
ment schemes in China proved somewhat ominous for the
country’s forests and waterways (see Shapiro, 2001) however,
and the opportunity for local management of Matsutake and other
non-timber forest resources is an opportunity for villages to re-
claim and exercise autonomy. We hope that with careful and con-
siderate planning, diversified knowledge networks and consensus
building may prove beneficial to the Matsutake industry, habitat
and harvesters. Based on the results of this study, we suggest that
future efforts to build Matsutake conservation strategies utilize
links of forestry officials and village leaders with harvesters. NGOs
may be effective in villages where they are known and trusted, but
on a large scale they may better serve as intermediaries between
academic and political entities.
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