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ABSTRACT. Changing climate, social institutions, and natural resource management policies are reshaping the dynamics of social-
ecological systems globally, with subsistence-based communities likely to be among the most vulnerable to the impacts of global change.
These communities’ local ecological knowledge is increasingly recognized as a source of adaptive capacity for them as well as a crucial
source of information to be incorporated into scientific understanding and policy making. We interviewed Tibetan pastoralists about
their observations of environmental changes, their interpretations of the causes of these changes, and the ways in which they acquire
and transmit this knowledge. We found that community members tended to agree that changing climate is driving undesirable trends
in grassland and livestock health, and some also viewed changing management practices as compounding the impacts of climate change.
However, those nominated by their peers as experts on traditional, pastoral knowledge observed fewer changes than did a more
heterogeneous group of people who reported more ways in which the environment is changing. Herders mostly discussed these changes
among themselves and particularly with village leaders, yet people who discussed environmental changes together did not necessarily
hold the same knowledge of them. These results indicate that members of the community are transferring knowledge of environmental
change primarily as a means for seeking adaptive solutions to it, rather than for learning from others, and that local leaders can serve
as critical brokers of knowledge transfer within and beyond their communities. This highlights not only the interconnectedness of
knowledge, practice, and power, but also points toward the important role that local governance can have in helping communities cope

with the impacts of global change.
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INTRODUCTION

Global change is driving social-ecological systems outside of their
historical range of conditions, thereby threatening ecosystem
health and human well-being. Gradual increases in temperatures
coupled with increasing climate variability and extreme events
produce nonlinear and often unpredictable ecological feedbacks,
which in turn interact with natural resource management
practices to alter the functioning of ecosystems and social
institutions (Nelson 2005, Christensen et al. 2013). Among the
people most vulnerable to these changes will be those who depend
directly on local ecosystems for their livelihoods (O’Brien and
Leichenko 2000). Traditionally these same communities have had
an intimate understanding of their environment that has allowed
their long-term persistence (Berkes 2008), but when the rate of
environmental change is rapid, these local knowledge systems may
be unable to keep pace (Fernandez-Llamazares et al. 2015). These
knowledge systems are also subject to degradation by rapidly
changing social institutions, such as altered land-management
regulations and practices (Fernandez-Giménez and Estaque
2012, Oteros-Rozas et al. 2013), participation in formal schooling
(Zent 1999, Sternberget al. 2001), and integration into the market
economy (Reyes-Garcia et al. 2007). Furthermore, if traditional
knowledge of the environment becomes less accurate under
altered climate regimes, people previously seen as local experts
may lose credibility within their communities, and trust in local
knowledge systems may be eroded (Kronik and Verner 2010).
However, precisely because of the unpredictability of the local
impacts of dynamic and interacting global change drivers,
integrating already existing local ecological knowledge (LEK)

with continuous learning and production of new LEK will be
critical to subsistence-based communities’ ability to cope with and
adapt to their changing environments (Berkes 2009, Boillat and
Berkes 2013).

Local ecological knowledge, sometimes referred to as indigenous
knowledge or traditional ecological knowledge, is a complex of
knowledge, practices, and beliefs concerning the biophysical
environment and humans’ engagement with it (Berkes 2008).
Local ecological knowledge is acquired through personal
observations and experiences, but it is also transmitted through
social networks, including learning from elders (Reyes-Garcia et
al. 2009), participation in natural resource management
institutions (Fernandez-Giménez 2000), and discussion with
peers (Baival and Fernandez-Giménez 2012). Variation in
individuals’ LEK is therefore explained not only by their
livelihood practices and personal characteristics (Crona and
Bodin 2006, Klein et al. 2014), but also by their ability to access
information through their relationships to others (Atran et al.
2002, Crona and Bodin 2006, Hopkins 2011, Isaac et al. 2014).

These networks of LEK information sharing and learning may
enhance household and community resilience to the impacts of
global change (Folke et al. 1998, Adger 2003, Baival and
Fernandez-Giménez 2012). However, power dynamics, local
institutions, and government policies also affect the ability of
LEK toinform climate change adaptation practices, research, and
policies (Smith and Sharp 2012, Naess 2013). As environmental
conditions worsen, social and political relations will become
increasingly important for maintaining system functioning under
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the pressures of environmental change (Salick and Ross 2009).
When there is little support from central governments or when
policies create additional vulnerability, strong links within local-
level social networks can increase a community’s ability to cope
with the impacts of change (Adger 2003). The structure of these
networks therefore shapes not only processes of learning LEK,
but also strategies of resource use, conflict adjudication, and
coordination to take collective action (Adger 2003, Crona and
Bodin 2006, Ingty and Bawa 2012, Isaac et al. 2014).

The Tibetan Plateau exemplifies a social-ecological system facing
a host of interacting social, political, and environmental changes
that threaten its resilience, including the maintenance and
ongoing development of LEK. Pastoralists have been herding
livestock in Tibet for millennia, which has allowed communities
to develop a reservoir of LEK that integrates both practical and
cosmological concerns (Huber and Pedersen 1997, Byg and Salick
2009, Fuetal. 2012, Salick et al. 2012, Klein et al. 2014). However,
significant climate warming along with changes in the timing and
variability of precipitation (Kang et al. 2010, Christensen et al.
2013) are affecting ecosystem functioning (Klein et al. 2007, Wang
et al. 2012). New rangeland policies are altering pastoralists’
management of their herds and pastures (Yangzong 2006, Bauer
and Nyima 2010, Klein et al. 2011, Cao et al. 2013). Increasing
school enrollment and participation in off-range wage labor will
likely decouple young, rural Tibetans from close engagement with
the land (Fischer 2011, Iselin 2011), limit their ability to learn
fromelders, and thus present additional ways by which LEK could
be lost (Zent 1999, Sternberg et al. 2001, Reyes-Garcia et al. 2007,
2010).

Local ecological knowledge is an especially important resource
for understanding and responding to the impacts of global change
in systems like Tibet, in which political and biophysical
constraints limit livelihood, natural resource management, and
governance options (Fu et al. 2012). The erosion of Tibetans’
LEK, without replacement by the production of new knowledge
suited to new circumstances, could reduce local capacity to cope
with environmental changes and have cascading effects for
ecosystem health and the provision of ecosystem services. Loss
of LEK also represents a missed opportunity for pastoralists’
knowledge to inform and improve regional climate adaptation
policies and western scientific understandings of the ways in
which this remote system is being affected by global change
(Homann et al. 2008, Reid et al. 2009, Chaudhary and Bawa 2011,
Bawa and Ingty 2012, Fu et al. 2012, Laborde et al. 2012, Oba
2012, Smith and Sharp 2012, Klein et al. 2014).

With rapid social and environmental change occurring in
communities around the world, it is critical to move beyond
focusing only on the content of LEK to also incorporate a better
understanding of the processes by which LEK is produced,
transmitted, and used (Zarger and Stepp 2004, Berkes 2009, Naess
2013). Therefore, with this study we interviewed 48 pastoralists
from a village in central Tibet to examine three sets of questions:

1. What environmental changes do pastoralists observe, and
what are their perceptions of the drivers of these changes?

2. How is this knowledge of environmental change acquired
and shared, and what are the factors that influence these
processes?
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3. Does sharing knowledge of environmental change facilitate
learning, and is it likely to contribute to the community’s
ability to cope with these changes now and in the future?

To address the first question, we used cultural consensus analysis
(Romney et al. 1986) to determine the environmental changes
agreed upon by this community, while also examining knowledge
held by subgroups within the village. We then took an
ethnographic approach to understanding their explanations for
the drivers of these changes (Corbin and Strauss 1990, Strauss
and Corbin 1998). To address the second and third questions, we
used qualitative and social network analyses to determine how
community members learn about LEK and seek out others to
discuss the changes they observe (Freeman 1979, Gould and
Fernandez 1989, Bodin et al. 2006). Regression models indicated
which demographic and livelihood factors contribute to people’s
positions in the social network. We discuss our results in terms of
how they may be useful in dialogue with western scientific
knowledge, informative for management decisions regarding
Tibetan rangelands, and, ultimately, their implications for the
continued resilience of Tibetan pastoral communities and other
social-ecological systems under global change.

METHODS

Study area

We conducted this research in one natural village, the smallest
administrative settlement unit in Tibet, in Damzhung County in
the Tibet Autonomous Region of China. It is one of six natural
villages (“rukhag”) within an administrative village (“rangbyug
grongtsho™) that covers approximately 600 km? has an average
elevation of 5000 meters above sea level, and spans alpine meadow
and alpine steppe vegetation types. Administrative villages are the
second smallest settlement unit and the highest organizational
level at which leaders are selected by villagers, rather than
appointed by higher officials. Each natural village has one leader
and one representative to the administrative village committee,
both of whom are also selected by villagers. Livestock herding is
the primary livelihood practice, and children begin assisting their
parents with herding at an early age. At the time of our interviews,
this natural village had 38 households with 179 people and 3538
head of livestock, including yaks, sheep, goats, and horses, which
comprised 65%, 28%, 5%, and 2% of the total sheep equivalent
units (SEU) in the village, respectively. Engagement in off-range,
income-generating activities is becoming increasingly prevalent,
primarily because of the village’s proximity to a site sacred to
Tibetan Buddhists, which has been promoted as a tourist
destination since the 1990s. This has created year-round and
seasonal service-oriented economic opportunities for some
households. The majority of adults in the village never attended
school, but reforms in 2007 made nine years of schooling
compulsory for all children.

Recent national- and provincial-level policies have also affected
mobility and herd sizes in the study village (Bauer and Nyima
2010). In 2005, Han Chinese government officials mandated the
fencing of wetlands and established fixed territories for each
village in the study area. The construction of fences between
villages in 2008 further demarcated their boundaries. Households
continue to make four longer-distance migrations per year, in
addition to shorter, daily movements. The fences hinder
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movement for some who would like to move further with their
herds into the mountains, whereas for others they reduce daily
labor by allowing livestock to stay penned in the wetlands with
less supervision. Herd sizes were capped at 40 sheep equivalent
units per person (SEU) in 2005 and were lowered in 2011 by
changing the SEU conversion rate for yaks.

Interviews

In 2012, we conducted structured interviews about environmental
change with 48 people, who represented approximately 40% of
the adult villagers. Interviews were conducted in Tibetan by a
native speaker after informed consent was received. We attempted
to interview all available adults in the village, but, as in other
studies asking pastoralists about environmental change, many
women opted out of the interviews, usually citing that they did
not know how to answer our questions because they were not the
primary herders in their households (Fernandez-Giménez and
Estaque 2012, Oteros-Rozas et al. 2013, Klein et al. 2014).

We interviewed 39 men and 9 women from 28 households in the
natural village. Their ages ranged from 18 to 72 (mean: 41 years).
Half were heads of their household. Three held official leadership
positions at the natural and administrative village levels: one was
the natural village leader, one had previously been the natural
village leader for 29 years and was currently serving as
representative to the administrative village committee, and one
was the deputy administrative village leader. In addition, six
others had served in leadership positions in the past. The majority
(60%) spend most or all of their time herding livestock, whereas
the others herd seasonally or not at all while they pursue off-range
economic opportunities. Although women in this community also
herd livestock, their daily activities are usually closer to home and
include milking and caring for livestock.

We asked open-ended questions about people’s ways of learning
about the environment, the changes they had observed in different
climatic and ecological variables over their lifetimes, and the
reasons for why these environmental changes are occurring. For
50 questions about specific environmental changes, we followed
the closed-ended format used by Klein et al. (2014), in which
responses could be “increase/no change/decrease,” or “earlier/no
change/later.” Enough people responded instead that aspects of
the environment vary interannually, depending on rainfall, that
we subsequently added “it depends on rain” as another response
option. We also asked them to name the people within their
household and village who they viewed as experts about the
climate, grassland, and livestock, to describe the type of LEK
typically held by women and by men, and, following the question
format for information exchange used by Crona and Bodin (2006),
to free list the people with whom they talk about the
environmental changes they observe.

Data analysis

Knowledge of environmental change

To determine the environmental change trends on which the
community agreed most, we used cultural consensus analysis
(CCA), a type of factor analysis used to identify whether a group
of people share a common understanding about a particular
topic, and if so, the culturally appropriate responses within this
group to a set of questions about the topic (Romney et al. 1986,
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1987, Weller 2007). The CCA starts with the premise that if
interviewees are part of the same culture, meaning that they share
beliefs and mental constructs about the world, then there will be
an underlying set of responses about a given topic that are true,
or correct, for this group, despite some level of heterogeneity in
their beliefs (Romney et al. 1986, D’Andrade 1987). When most
of the variation in people’s responses can be explained by a single
factor in the CCA, i.e., when the ratio of the first to second
eigenvalue is greater than three, this indicates that interviewees
are sharing a cohesive understanding of the topic, and the analysis
can proceed to identify “culturally correct” responses for the
group (Romney et al. 1987, Weller 2007).

The CCA determines “correct” answers by first comparing each
interviewee’s answers across all questions to all other interviewees’
answers. Those who share more identical responses with others
are given higher “competence” scores, reflecting their greater
degree of agreement with the dominant views of the group. Then,
when determining the group’s culturally correct response for each
question, interviewees’ answers are weighted by their competence
scores to decrease the influence of idiosyncratic responses in the
data. This helps minimize the influence of interviewees' guesses
and the random responses assigned by researchers to avoid
missing values in the CCA, but it may also obscure specialized
knowledge held by a minority of community members. Although
CCA takes a simplifying approach to culture and knowledge
heterogeneity, it is nonetheless a useful tool for revealing aspects
of knowledge on which people agree most, including perceptions
of environmental change (Crona et al. 2013, Carotherset al. 2014,
Klein et al. 2014).

We coded responses to the 50 multiple-choice questions about
environmental change as -1 for “decreasing” and “earlier,” 0 for
“no change,” and 1 for “increasing” and “later.” When people
responded that an environmental change “depends on rain,”
meaning that it varies with the weather each year, we coded these
as “no change” for the CCA. We took this approach because
interviewees who used this response seemed only to be linking it
to interannual fluctuations, rather than to longer-term change
trends. To further justify the decision to treat “it depends on rain”
as a “no directional change” response, we tested whether people
who reported that things depend on rain also tended to report
changes in rainfall itself. We found that the frequency of “depends
on rain” responses differed significantly among people who
reported “no change,” “increasing,” “decreasing,” or “don’t
know” for rainfall trends (x> = 9.78, df = 3, p = 0.02). People who
said that they didn’t know about changes in rainfall gave the most
“depends on rain” responses to other questions, particularly in
comparison to people who reported decreases in rainfall (pairwise
comparison: p = 0.06). Therefore, when people only said that an
aspect of the environment depended on rain, we interpreted this
to mean that they were not observing a longer-term change trend.
However, in subsequent analyses we include the “depends onrain”
responses to gain a more nuanced understanding of ecosystem
dynamics and LEK.

To meet the assumptions of CCA, we removed questions and
interviewees so that no interviewee had “don’t know” or missing
responses to more than 10% of the questions (Miller et al. 2004).
For the remaining few missing responses, we assigned answers
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randomly (Weller 2007). This left 30 questions and 31 interviewees
in the analysis, meeting the recommendation to have at least 30
people for CCA (Weller 2007). This is derived from calculations
showing that when interviewees agree on 50% or more of their
responses (mean competence score > 0.50), then at least 29 people
will be needed to accurately identify “correct” responses for 99%
of the questions at a 0.95 confidence level (Romney et al. 1986).
We performed the CCA in Ucinet with the ordinal data model
option (v. 6.507, Borgatti et al. 2002). The output showed that the
ratio of the first to second eigenvalue was 5.15, indicating that
the data met the conditions for finding consensus around a single
set of environmental changes. Interviewees’ mean competence
score was 0.57, so the sample size of 31 was sufficient to detect
the environmental changes on which this community agreed
most.

To move beyond the consensus view, we also tested whether
subgroups of people tended to respond more similarly to each
other than to the community as a whole when asked about
environmental changes. First we created a Gower dissimilarity
matrix for nominal variables that compared responses among all
interviewees who had answered all 50 questions (n = 45). For this
we allowed “don’t know” and “depends on rain” responses to
remain in the data. Next we performed a cluster analysis on the
dissimilarity matrix and used the Ward clustering algorithm to
minimize within-group variance in responses while maximizing
between-group variance (McCune et al. 2002). We used the
pseudo-t statistic to determine the cut-off point at six clusters of
people (r> = 0.40) and pairwise Wilcoxon rank sum tests to
determine whether any of the resulting clusters tended to be more
observant of environmental changes, as indicated by fewer “don't
know” responses and more agreement on the direction of
changing environmental trends. We performed the cluster analysis
in SAS (v. 9.3) and Wilcoxon tests in R (v. 3.2.2, 2015).

To elucidate interviewees’ understandings of causal connections
among different components of the social-ecological system, we
followed a grounded theory approach (Corbin and Strauss 1990,
Strauss and Corbin 1998). The first author iteratively coded
interview transcripts in Atlas.ti (v. 7.1.8), first using a priori codes
about components of the climate and ecosystem that were the
focus of the closed-ended environmental change questions, and
then inductively coding other themes that emerged frequently
during the interviews, such as conflict. This produced 26 codes in
4 general themes: climate, ecosystem, natural resource
management, and knowledge (Appendix 1, Table A1.1). For each
of the ecosystem codes, we populated the network view manager
in Atlas.ti with their co-occurring climate and resource
management codes and interview quotations. We then took
detailed notes on these quotations, which we used to produce a
web of causal relationships among aspects of the ecosystem,
climate, and resource management practices, according to
interviewees (Bernard 2006). To display the resulting conceptual
model, we created a stylized illustration of the connections
between environmental changes and drivers that were well
supported by our qualitative analysis. We undertook a similar
process for codes within the knowledge theme to examine
interviewees’ perceptions of how environmental knowledge is
acquired, transmitted, and differs by gender in this community.
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Transmission of environmental change knowledge in the social
network

To examine with whom people share knowledge of environmental
change, we created full matrices of interviewees and their
directional connections, or ties, to others within and beyond the
village whom they reported seeking out to discuss changes in the
climate and ecosystem (Hanneman and Riddle 2005). We then
analyzed the climate and ecological information networks
separately. Many herders indicated that they discuss these changes
with a few specific people, as well as with “all other herders they
meet when out herding.” The latter response was substantiated
both by the frequency with which it was given and during
participant observations. To differentiate those who were named
specifically from those who were mentioned more generally, we
assigned different weights to the ties between people. For each
interviewee, we assigned the following tie weights: three to those
who were named specifically; two to people who appeared to be
named because they were present during the interview (n = 8);
one to all other people in the network who were full-time herders
if the interviewee responded that he talked with all other herders
he met; zero to people who were not named.

To assess the degree to which people seek out (out-degree) and
are sought out (in-degree) by others to discuss environmental
change, we calculated Freeman degree centrality scores, using
nonsymmetric, weighted ties (Freeman 1979). In-degree
centrality can be robust to incomplete sampling of the entire
network, making it a useful metric for our study (Costenbader
and Valente 2003). Next we used brokerage measures to find
people who play important structural roles in the network by
connecting pairs of people who would not otherwise be linked
(Hanneman and Riddle 2005, Bodin et al. 2006). We determined
honest brokerage metrics by calculating the number of brokered
pairs and pure brokerage scores for each interviewee (Hanneman
and Riddle 2005, Sasovova et al. 2010). We also assessed the
degree to which interviewees play the different brokerage roles of
coordinator, gatekeeper, representative, consultant, and liaison
within the social network (Gould and Fernandez 1989). Each role
connects across groups of people in different ways, and can, for
example, influence whether different resources users’ knowledge
can be shared to promote adaptive environmental management
(Isaac et al. 2014).

To determine whether people who observed the same
environmental changes were also more connected to each other
in the social network, we calculated the density of connections
for the whole network, as well as within and between the four
dominant livelihood groups (mostly herding, current village
leader, mostly not herding, women in the home) and the six
knowledge groups produced by the cluster analysis. We tested
whether any of these groups’ members were more densely
connected with each other than would be expected by comparing
each group’s internal density value to the overall network density
(Hanneman and Riddle 2005, Crona and Bodin 2006). Sample
variances for each group’s density were generated by
bootstrapping 5000 random samples from the observed network
data. For density analyses, we used unweighted ties between actors
to capture the degree to which all possible connections between
people were actually being used. All network analyses were
performed in Ucinet.
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Relationships among demographic and knowledge data

We tested for relationships between demographic variables and
metrics derived from the cultural consensus, cluster, and social
network analyses. We wused chi-square tests to examine
relationships among categorical variables, Kruskal-Wallis and
Wilcoxon rank sum tests for differences among categorical
variables and non-normally distributed response variables (with
the Holm adjustment for multiple comparisons), and ANOVAs
to test for relationships between continuous and categorical
variables (with the Tukey-Kramer adjustment for multiple
comparisons). We used a logistic regression to test for factors
associated with being nominated as a pastoral knowledge expert,
and we used multiple linear regressions to test for demographic
predictors of degree centrality in the social networks. The
following independent variables were included: dominant
livelihood practice, daily herding distance (near vs. far), age,
whether people had learned LEK from older generations,
household herd diversity (Simpson diversity index; Ndikumana
et al. 2000), and gender (centrality models only). Education level
and literacy were negatively and positively correlated with age,
respectively, and household SEU per capita were positively
correlated with herding distance, so these were not included in
the models. All regression analyses used stepwise model selection
with a significance threshold of 0.05 for parameters to be retained.
We performed statistical analyses in SAS and made figures in R
(Wickham 2009) unless otherwise noted.

RESULTS
Knowledge of environmental change

Consensus view of changes

The CCA results indicate that people tend to agree on multiple
indicators of alpine meadow degradation (Fig. 1a). These trends
include declines in beneficial properties, such as production of
the sedge Kobresia pygmaea C. B. Clarke, which is the dominant
plant species and primary forage for livestock in alpine meadows.
When describing alpine meadow changes, people often referred
to how forage plants were not as tall as in the past, and there were
fewer flowers across all species. They also strongly agreed that
livestock milk production had decreased. In contrast, increasing
trends were only observed for problematic elements of the system,
such as the proliferation of plants that are toxic to livestock
(Oxytropis glacialis Benth), lichens that form a black crust on the
soil, and pikas, which many interviewees viewed as a rangeland
pest.

People also tended to agree on the main climate trends (Fig. 1b).
They observed that precipitation has decreased, especially in
winter. They reported decreases in winter temperatures, whereas
summer temperatures had increased during their lifetimes. Some
disagreed with the consensus view of colder winters; as one village
leader put it, “people say that many years ago, you still weren’t
warm enough wearing a lokpa [traditional sheep-skin robe]. Now
you can be warm enough wearing Han Chinese clothes [that are
less insulating]. So it must be warmer now than a long time ago.”
Consistent with summer warming trends, people observed
decreasing snow on permanently snow-covered mountains, which
have a distinct term in Tibetan, “gangs ri.” Responses were nearly
unanimous about rising water levels in the closed-basin lake.
Although some recalled that the lake had started rising as early
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as the 1960s and 1970s, many reported relatively recent, rapid
changes, such as newly constructed fences becoming submerged
by the lake. One man said: “In the beginning I put prayer flags
close to the water, but they were covered more and more every
year. I moved them higher, and they were covered again.”

Fig. 1. Predominant observations of (a) alpine meadow and (b)
climate trends from the cultural consensus analysis (CCA).
Scores closer to 1 indicate strong consensus on an increasing
trend, scores closer to -1 indicate strong consensus on a
decreasing trend, and scores closer to zero indicate either
observations of “no change” or a mix of “increase” and
“decrease” responses.
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Drivers of ecological change

Interviewees attributed the grassland changes they observed to
the impacts of changing climate, but they viewed decreasing
livestock health as a result of both environmental changes and
changing land management practices (Fig. 2). They described
how the quality, quantity, and phenology of plants and the timing
of livestock milk production all depend on the weather.
Interviewees overwhelmingly attributed declining meadow and
wetland health to decreasing precipitation. Overall, they said that
less rainfall is responsible for decreases in flowers, medicinal and
edible plants, and shorter heights of the dominant plant species,
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Fig. 2. Conceptual model of the drivers and consequences of environmental changes, according to interviewees.
Arrows with solid lines represent promoting relationships between system components, and arrows with dashed
lines represent inhibiting relationships. Pluses indicate increasing trends, and minuses indicate decreasing trends.
In the case of decreasing snow on permanently snow-covered mountains (gangs ri), it is the resulting snowmelt

that is responsible for promoting the increase in lake level.

Temperature (+)
1

K. pygmaea. When lack of rain causes plants to die, lichen takes
their place, forming a crust over exposed soil and dead root-mats.
Toxic plants (O. glacialis) respond positively to drier conditions.
People consistently listed O. glacialis, a type of locoweed (Lu et
al. 2014), as the worst type of plant, and the local traditional
animal doctor estimated that 10% of the village’s livestock die
each year from eating O. glacialis. The many undesirable effects
of reduced precipitation led one herder to comment: “If the
grassland continues to degrade, then we will have to change our
livelihoods. But if we have good rain, then this could reverse.”

Rather than linking changing temperatures to vegetation directly,
people primarily connected temperature change to increasing
snowmelt in the mountains. A subset of people also identified
how increased mountain snowmelt runs off into the closed lake
basin, causing the lake to rise and inundate meadow and wetland
pastures. Thus, interviewees view precipitation as directly
affecting the quality and quantity of vegetation, whereas
temperature indirectly affects the spatial extent of the grassland.

People more frequently described bottom-up effects of the
grassland condition on livestock than top-down effects of grazing
on the grassland. They agreed that livestock health, body size,
and milk production are decreasing, and they mainly attributed
these declines to insufficient access to meadow and wetland forage
and increases in toxic plants and livestock parasites. In addition
to the role of weather in driving reductions in forage availability,
some people also mentioned competition for forage among
growing livestock populations as well as between livestock and
pikas. One older man said: “Many years ago, because there weren’t
as many livestock, livestock could choose the best grassland to
eat. Now they can only eat to fill their stomachs, but they can’t
choose the best quality [plants].” Fences that restrict livestock
mobility were often cited as being bad for livestock because they
limit their ability to move and graze freely. Conversely, some said
that fences are good because they encourage people to care for
the land.

Although interviewees’ views on the relationships between the
grassland, livestock, and management practices were more mixed
than their understanding of climate-grassland relationships,
people were nearly unanimous in their concern that fences are
creating conflicts over access to grazing land, which had not been
a problem before the grassland reform. These conflicts primarily
arise between people from different villages when livestock graze
others’land during their seasonal migrations. They also anticipate
that fences will hinder their ability to move their livestock to snow-
free areas during severe snowstorms, which was an important
coping strategy in the past (Yeh et al. 2014).

A few older people (mean age: 52 years) invoked cosmological
explanations for the changes they observed. Smaller body size of
animals and declining soil quality were cited as specific markers
of the coming of the end of the world. They attributed the impetus
for this decline to increased human and livestock populations, the
presence of electricity and non-Tibetan people in Tibet, and
desecration of sacred mountains by mining and of the sacred lake
by swimming and washing in it.

Knowledge subgroups

Although the CCA results indicate the environmental changes on
which the community agreed most strongly overall, heterogeneity
in interviewees’ responses may be explained by the existence of
subgroups of people who hold different knowledge from the
consensus view. First, we briefly examined whether men and
women are perceived to hold different LEK in this community.
Next, we identified who are regarded by their peers as experts on
pastoral knowledge. Finally, we determined whether other
individuals emerge as particularly observant of environmental
changes based on responses to closed-ended questions, and we
examined the additional insights they provided.

When asked about gender differences in LEK, men and women
alike agreed that men know more about everything related to the
climate and grassland, though women know more about caring
for livestock. Indeed, we found that men were often unable to
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Table 1. Description of the six knowledge clusters determined by observations of environmental changes. Names are assigned to groups
based on their defining feature, some of which are described under the social network results. Dominant responses were given significantly
more by one group than by others across all environmental change questions.

Knowledge Group Group Differences
A: Observant B: C: Connected  D: Neighbors E: Depends on F: Test statistic  p-value
Younger rain Older
Number of 8 9 7 7 5 9
members
Mean age (range) 39.3 31.1 41.6 48.6 38.2 49.8 Fip= 220 p=0.07
(23-57) (18-47) (32-67) (29-72) (27-59) (33-61)
Number of current, 1,0 0,0 0,0 0,2 1,0 1,3 X2 5= 14.21 p=0.16
former leaders
Number of experts 1 1 1 2 0 1 X s=193 p=10.86
Number of full- 5(63%) 4 (44%) 4 (57%) 5(71%) 2 (40%) 6 (67%) X¥s=269 p=075
time herders
Number of women 2 (25%) 1 (11%) 2 (29%) 0 2 (40%) 0 X;=680 p=024
Dominant response Decrease / Don't know Mixed No change Depends on No change
Later rain

answer questions about changes in livestock milk production and
tended to defer to women in the household, whereas women often
said that they could only answer these milk-related questions. One
herder, who made frequent reference to the LEK he had learned
from his father, explained another dimension of these gender
differences beyond household labor division: “If you have lots of
traditional customs and observations, then you must teach your
sons. Daughters get married and leave the family, so the family
knowledge must be passed on to the sons.”

When interviewees were asked to name those who know the most
about the climate, grassland, and livestock, 10 men were
nominated by at least 1 person outside of their household. In
subsequent descriptions, we therefore use the term “peer-
nominated expert” or simply “expert” to refer to these people
regarded as being exceptionally knowledgeable about pastoral
LEK. Three of the men were current village leaders, six were full-
time herders, and one was an elderly man no longer actively
engaged in herding. Because of the unique role that current village
leaders play in the social network, we removed them from all
subsequent analyses on the remaining seven peer-nominated
experts to avoid confounding interpretation of results. However,
the following significant predictors of expert status remained the
same whether the current leaders were included or excluded from
the regression. The experts tend to move longer distances daily
with their livestock (x> = 6.80, df = 1, p = 0.009) and are
significantly older (x> = 5.54, df = 1, p = 0.02) than nonexperts.
The odds of someone being nominated as an expert increase by
a factor of 2.9 with each 10-year increase in age. The expert group
also has a significant number of people who were village leaders
in the past (x>*=20.72,df =1, p<0.0001). The experts’ knowledge
of environmental change was similar to the consensus view.

The similarity of interviewees’ responses across 50 environmental
change questions produced 6 knowledge subgroups, or clusters,
within the community (Table 1). If clusters contain people who
gave more “don't know,” “no change,” or “depends on rain”
responses, this indicates that they may be less observant of longer-
term environmental trends than clusters of people who gave more
“increase,” “earlier,” “decrease,” and “later” responses. This does
not negate that people who often responded that things were “not

changing” or “depended on rain” may be knowledgeable about
pastoral LEK in general; however, it does suggest that they
perceive fewer long-term environmental changes. Conversely,
people who report more changes are not necessarily objectively
correct about their observations, but these responses do set them
apart as perceiving more environmental changes than their peers.
Theoretically, any of these changes could have increasing or
earlier trends, but these responses were used infrequently by all
interviewees, and there were no significant differences in the
frequency with which any group reported these trends (x> = 7.89,
df =5,p=0.16). “Decrease” and “later” responses were reported
more often, and group A observed significantly more of these
trends than any other group (Table 1, pairwise comparisons: p <
0.05). On average, group A’s members responded with “don't
know” only 8% of the time, less than any other group, which
further indicates that people in this cluster appear to be more
observant of directional changes in the environment.

Group A agreed strongly about the trends detected by the
consensus analysis as well as about other questions that were
excluded from the CCA because there were too many other
interviewees unable to answer them. For example, group A
detected a suite of phenological trends that were not captured
well by others, including a shortened duration of lake ice in winter
and a delayed, shorter growing season in summer (Fig. 3).

Production and transmission of local ecological knowledge

Learning local ecological knowledge ( LEK)

Most interviewees (64.4%) reported learning LEK from elders in
the community, saying that oral teaching is a nomad custom, and
people always meet and talk about the land. They also learn from
personal observations, starting in childhood when they “play in
the grassland and learn on their own.” However, interviewees
expect that these modes of LEK acquisition will decline because
children today are learning less about the environment due to
being in school and generally paying less attention to the
grassland. As one herder put it: “Old people have lots of
experiences, and young people have good educations.” Among all
people in our 28 interview households (n = 88 people, including
40 children and adults who did not participate in interviews), only
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Table 2. Mean (and standard error) in- and out-degree scores, honest broker pairs, and standardized pure brokerage scores for each
livelihood group in the climate and ecology social networks. Out-degree scores were log-transformed to normalize the data before
performing statistical analyses. ANOVAs were used for in- and out-degree scores; Kruskal-Wallis rank sum tests were used for brokerage
indices.

Livelihood Practice Statistical Tests

Mostly herding Current leaders Mostly not In the home F-statistic or x* p-value
herding

Number of people 27 3 12 6
Climate
In-degree 7.96 (0.54) 31.67 (1.61) 3.75(0.81) 2.33(1.14) F,.,=89.10 p < 0.0001
Out-degree 12.07 (1.96) 5.00 (5.88) 7.42 (2.94) 2.50 (4.16) F,,=378 p=0.02
Broker pairs 17.44 (1.08) 52.00(3.23) 2.42(1.61) 0.00 (2.28) X, =33.96 p < 0.0001
Pure brokerage 0.06 (0.03) 0.73 (0.10) 0.13 (0.05) 0.00 (0.07) X, =13.87 p =0.003
Ecology
In-degree 8.96 (0.52) 34.00 (1.55) 3.58 (0.78) 3.17 (1.10) F,,=111.24 p < 0.0001
Out-degree 13.48 (2.44) 6.00 (7.31) 6.67 (3.66) 3.17 (5.17) F =352 p=10.02
Broker pairs 23.22(1.11) 58.67 (3.34) 2.75(1.67) 0.33(2.36) X, =33.58 p < 0.0001
Pure brokerage 0.05 (0.02) 0.46 (0.07) 0.08 (0.04) 0.00 (0.05) x>, = 14.44 p = 0.002

16% of those over the age of 30 had ever attended school, and
most had gone for a few months or less. In contrast, of the 23
children between 7-17 years of age in the interview households,
87% had attended at least some primary school, with several
advancing beyond that. Some interviewees said that they wanted
young people to return to herding eventually, but others had
aspirations for them to participate in off-range livelihood

Fig. 3. Seasonal trends observed by knowledge group A, the
“observant” group (black), and all others (gray). Panels (a-¢)
show closed-ended response options. Phenological events are
arranged in order of their occurrence, starting in January and
ending in September.

H Observant Group All Others activities if they were able to get a formal education. One man
100 4 (3) Earlier whose household engages only in the local tourist economy
75 4 confirmed that people who already live at the sacred/tourist site,
50 | rather than herding, “don't talk about the climate and grassland
25 anymore.”
0- Sharing local ecological knowledge ( LEK) in the social network
100 - (b) No change Livelihood activity is a strong predictor of who is most sought
75 1 out (in-degree) to discuss environmental changes in both the
50 4 climate (full model R*=0.85, F, 342" = 86.49; livelihood p <0.0001)
25 - and ecology networks (full model R? = 0.88, Fipp = = 107.22;
0 -j_l livelihood p <0.0001). Among the four livelihood groups, current
= 100 { (e) Later village leaders are significantly more sought out than anyone else,
@ 751 followed by full-time herders, who are significantly more sought
2 50 out than people who are mostly not herding and women who tend
8 25 to stay at home (Table 2). Peer-nominated experts are also more
4 0 sought out than nonexperts (climate network F, ,, = 18.29, p =
ha 100 4 (d) Depends on rain 0.0001; ecology network F, ,; = 6.17, p = 0.02).
75 4 Demographic variables are less able to predict the degree to which
50 - people seek out others (out-degree) in the climate (R? = 0.24,
25 - F, 4 = 4.61) and ecology networks (R*=0.12, F; ;, = 2.99). The
0 most significant predictor was that people who learned LEK from
100 4 (e) Don't know older generations sought out more people to discuss climate
75 4 changes (p = 0.008). Livelihood practice was also significant in
50 4 both the climate (p = 0.03) and ecology networks (p = 0.04), with
25 | full-time herders seeking out significantly more people than
ol t l BN Bml | L nonherders and women (Table 2). Status as a peer-nominated
e.@&\’?@:\ (},‘.,}(\ 9'@60’ L é_\\(gé\o@ & é\b expert was not a significant predictor of out-degree scores.
\@f\\ &g; §' @é‘ & <<\o‘”\' o;_,f.a @2" @\* Because of the high degree to which village leaders are sought out
FY & {\\g .—.}'o ._—9\)& in the climate and ecology networks, they broker significantly
2 Q¢ Q\@.\ more pairs of otherwise unconnected people than any other

Phenological trends

livelihood group, giving them significantly higher pure brokerage
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Table 3. Density of connections within and between primary livelihood groups in the ecology network. Values indicate the density of
connections from people in each row seeking out people in each column. T-tests on bootstrapped data compare within-group density
to the whole-network density of 0.114. The only between-group density that is significantly higher than the whole-network density is

full-time herders’ connection to village leaders (z = 4.12, p < 0.001).

Livelihood Practice T-test
n Mostly Current Mostly not In the home z-score p-value
herding leaders herding
Mostly herding 27 0.234 0.284 0.04 0.037 z=1.66 p=0.05
Current leaders 3 0.012 0.833 0 0 z=2.75 p <0.001
Mostly not herding 12 0.09 0.139 0.038 0 z=-2.54 p < 0.001
In the home 6 0.019 0.056 0.014 0.033 z=-1.96 p < 0.001

scores (Table 2). On average, the only types of brokers that differ
significantly among livelihood types are gatekeepers (climate
network: x*> = 8.93, df = 3, p = 0.03; ecology network: x> = 13.40,
df =3, p =0.003) and representatives (Fig. 4; climate network: x*
=11.93, df =3, p = 0.008; ecology network: x> = 13.80,df =3, p
= 0.003). Significantly more herders serve as representatives in
both networks because of the way that they link other herders to
village leaders (Fig. 4). Village leaders serve as gatekeepers
significantly more than members of other livelihood groups
because of the way they connect herders who seek them out to
the other village leaders with whom they themselves discuss
environmental change issues (Fig. 4). However, in the climate
network, only the two administrative village leaders are strong
gatekeepers, whereas the natural village leader primarily acts as
aliaison between herders and nonherders. In the ecology network,
the natural village leader is a consultant, connecting herders to
other herders, as well as a gatekeeper, connecting herders and
nonherders to leaders.

The six knowledge clusters were not significantly different in their
honest brokerage metrics, the degree to which their members are
sought out by others in the climate or ecology networks, nor for
how much they seek out others in the climate network. However,
in the ecology network, people in the observant group (A) seek
out significantly more people than do those in the youngest group
(B; Fy3=2.79, p = 0.03).

Overall, centrality scores show that village leaders, full-time
herders, peer-nominated experts, people who learned LEK from
elders, and members of the observant group (A) are more central
to the network because of their higher degree of connection to
others (Fig. 5). Notably, former village leaders, unlike current
village leaders, are not significantly more sought out than people
who had never been leaders. Women tend to be more peripheral
to the core structure of the network. This is partly an artifact of
our inability to interview as many women as men, but is also due
to women seeking out only 1.4 people on average to discuss
environmental changes, versus men seeking out 7.2 people on
average. Furthermore, of the people who said they seek out others,
83% of women but only 41% of men named members of their
own household.

Linking knowledge sharing with knowledge holding

If knowledge of environmental change is acquired through
discussions of these changes with others, then we would expect
people who hold similar LEK to be more densely connected in

the social network. To test this, we compared the density of
connections within and between the six knowledge clusters as well
as within and between the four livelihood groups. Within- and
between-group densities indicate the extent to which all of the
possible connections are actually made between people in the
network. The whole-network densities and subsequent results are
not significantly different between the climate and ecology
networks (t = -1.35, p = 0.16), so we only report results for the
ecology network.

Densities show that herders talk more among themselves than
with nonherders and that they also seek out the village leaders at
higher rates than any other livelihood group does (Table 3). The
density of connections among herders, among village leaders, and
between herders and village leaders are significantly higher than
the average density of connections throughout the whole network.
People who are not primarily engaged in herding activities and
women who tend to stay in the home are less densely connected
among themselves and with others in the network. There are no
significant trends in the density of connections for peer-
nominated experts.

In contrast to the differences between livelihood groups, there are
few differences in density among the knowledge groups (Table 4).
Only group C has marginally significantly more connections
among its members than would be expected based on the density
of the whole network. Furthermore, several knowledge groups’
members are more densely connected to members of other groups
than to members of their own. This demonstrates that although
people in the knowledge groups have, by definition, tended to
observe the same environmental changes as each other, they
discuss these issues across knowledge groups.

DISCUSSION

Integrating knowledge sources to understand environmental
change in central Tibet

Being well attuned to the environment has allowed Tibetan
pastoralists to sustain their livelihoods under dynamic and
extreme climatic conditions for millennia, and their LEK will
likely be key to their continued resilience under global change.
Because herders are keenly aware of the environmental trends that
have the strongest effect on their daily lives, the changes for which
they have a high degree of consensus and concern may also point
toward under-studied trends and maladaptive policies that
threaten social-ecological resilience. Their LEK is thus poised
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Table4. Density of connections within and between knowledge groups in the ecology network. Values indicate the density of connections
from people in each row seeking out people in each column. T-tests on bootstrapped data compare within-group density to the whole-
network density of 0.114. (Group A: observant, Group B: younger, Group C: connected, Group D: neighbors, Group E: depends on
rain, Group F: older)

Knowledge Group T-test

n A B C D E F Z-score p-value
Group A 8 0.143 0.069 0.161 0.125 0.125 0.139 z=0.41 p=0.36
Group B 9 0.083 0.069 0.095 0.095 0.067 0.086 z=-0.78 p=0.65
Group C 7 0.232 0.127 0.310 0.204 0.171 0.254 z=1.62 p=0.05
Group D 7 0.036 0.048 0 0.119 0.029 0 z=0.07 p=0.40
Group E 5 0.175 0.089 0.171 0.143 0.10 0.20 z=-0.17 p=0.50
Group F 9 0.194 0.099 0.19 0.159 0.222 0.181 z=0.54 p=0.28

Fig. 4. Mean (£ SE) normalized brokerage scores for different Fig. 5. Social network of interviewees and others with whom

brokerage roles in the ecology network, averaged by livelihood
type. Brokers who are coordinators connect otherwise
unconnected pairs of people from the same livelihood group as
the broker (e.g., a herder connects two other herders to each
other in the network). Gatekeepers connect a person from a

they talk about climate and ecological changes. Nodes represent
individuals, and arrows indicate directional connections
between people. Squares show people nominated by their peers
as pastoral local ecological experts (LEK) experts. Larger nodes
are members of the “observant” group, and color is scaled from

people who herd full time (dark) to men who spend little time
herding and women who mostly work close to home (light).
Two leaders from other villages are near the network perimeter.

different group to his or her own group (e.g., a village leader
connects a herder to another village leader). Representatives
connect a person from the same group to a person from a
different group (e.g., a herder connects another herder to a
village leader). Consultants connect people from the same
group as each other, but not as the broker (e.g., a village leader
connects two herders to each other). Liaisons connect a person
from one group to a person in a third group (e.g., a village
leader connects a herder to a nonherder). In this network, there O
are significant differences among livelihood groups for
gatekeepers (p = 0.0004) and representatives (p = 0.003).

M Herding e
44 M village leader @
Not herding

In the home
34 @ Herding
@ vilage leader
() Mot herding N
() In the heme

to make important contributions to our understanding of
environmental change in Tibet, and it may be particularly fruitful
1 for informing policies and decision making when brought into
I dialogue with western scientific knowledge (Reid et al. 2009).

However, this must be done in such a way that points of divergence
between the knowledge sources are used to spur further inquiry,
rather than simply to validate one source against the other (Berkes
2009, Gearheard et al. 2010, Klein et al. 2014).

Brokerage score

We found that rural Tibetans’ LEK corresponds well with many

| |
"
’\d\ @Qd\ q;\?\e’ {\f&& . \90(\ aspects of western scientific knowledge of environmental change
\b\(\ WO @(\\ 90 \',\Q’ on the plateau, including rising summer temperatures, glacier melt
00 Q}Q’ Qf" 00(‘\ (Kang et al. 2010, Christensen et al. 2013), and the importance
O O QJQ( of precipitation for meadow functioning (Hu et al. 2013, Shi et
<& al. 2014, Shen et al. 2015). Interviewees’ LEK also contributes to

the debate over the direction of phenological trends on the plateau
(e.g., Yuetal. 2010, Zhang et al. 2013, Shen et al. 2015), lending
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support to the growing evidence for increasingly delayed and
shortened growing seasons in central Tibet (Dorji et al. 2013,
Klein et al. 2014, Zhang et al. 2015). However, herders’
perceptions of colder winter temperatures and decreasing
precipitation disagree with trends reported in the climate science
literature (Kang et al. 2010, Christensen et al. 2013). These
discrepancies may arise from the different temporal and spatial
scales at which these trends are observed, and they may also be
influenced by the interactions of physical, cultural, and personal
factors that mediate perceptions of climate (Strauss and Orlove
2003, Klein et al. 2014). Nonetheless, LEK’s strengths lie not only
in identification of directional trends, but also in peoples’ ability
to detect complex relationships among many interacting factors
(Berkes 2008). The connections that interviewees drew between
decreasing rainfall and various indicators of declining grassland
health suggest that drying trends could be a primary driver of
ecosystem degradation in this region. For example, their
knowledge of relationships between reduced precipitation,
vegetation die-back, and expansion of lichen crusts calls into
question the western scientific assumption that increasing lichen
cover, an indicator of degradation, can be attributed solely to
overgrazing (Unteregelsbacher et al. 2012).

The relationship between livestock and grassland degradation is
contested in the ecological literature (Harris 2010), yet regional
fencing and herd reduction policies have focused on overgrazing
as the main cause of degradation (Bauer and Nyima 2010).
Although some interviewees acknowledged the risk of
overgrazing as human populations and herd sizes grow, their
concerns about the effects of mandatory fencing on interpersonal
relationships and livestock health suggest that current policies are
harmful to pastoral livelihoods and well-being and would thus
benefit from incorporation of herders’ local knowledge of
sustainable rangeland management practices. In addition, fixed
land allocation to households or villages may interact with aspects
of environmental change in ways that are unforeseen by policy
makers but clear to local residents. For example, herders’
perceptions of dramatic lake level rise corroborate hydrological
studies (Zhang et al. 2011), but their insights into the
consequences of pasture inundation also deserve further social-
ecological research that can inform policy and land tenure
decisions.

Understanding local ecological knowledge (LEK) production and

transmission

The majority of interviewees reported learning LEK from elders,
such as those who were nominated as pastoral LEK experts. These
experts are likely more knowledgeable about pastoral LEK
because of their longer time spent herding and higher degree of
mobility, and they were, in fact, relatively more sought out to
discuss environmental changes. However, the peer-nominated
experts’ knowledge of environmental change was similar to the
consensus view, which suggests that although they appear to form
a subgroup that is especially knowledgeable about pastoral LEK
in general, they likely do not hold specialized knowledge of
environmental changes beyond what is shared by the community.

As in other pastoral systems, interviewees report acquiring much
of their environmental change knowledge through personal
observations (Fernandez-Giménez 2000, Oba 2012). This is also
corroborated by our finding that members of the youngest
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knowledge group (B), who would have had the least time to accrue
observations of change, gave the most “don’t know” responses
(Fernandez-Llamazares et al. 2015). Moreover, the oldest groups
(D and F) contain men who are no longer herding as often and
are therefore not updating their knowledge of subtle changes as
frequently as those who continue to herd more actively (Oteros-
Rozas et al. 2013, Klein et al. 2014). For at least a few older
community members, these practice-based means of knowledge
acquisition are also tempered by cosmological beliefs (Huber and
Pedersen 1997, Berkes 2008, Salick et al. 2012). Our inability to
interview many women and our focus on aspects of the
environment considered to be more within a male domain surely
omitted additional knowledge held by women. Further study of
women’s LEK would also likely reveal different modes of
knowledge production and transmission not captured by the
social network analysis reported here, in which women tend to
exist at the periphery.

Overall, the dense connections within and among livelihoods
groups, but not within knowledge groups, indicate that knowledge
of environmental change is not primarily acquired through
interactions in the social network measured here. However, the
group of people who emerged as most observant of environmental
change (group A) did seek out more people on average to discuss
these changes. This observant group included accomplished
herders, as well as a 35-year-old woman who cares for livestock
during the winter and otherwise runs a small business selling
goods to locals. She described how her interactions with many
villagers who come to her shop have allowed her to learn about
the environmental changes taking place. Although our results
suggest that those who seek out more people in the network may
be the most knowledgeable about environmental changes, we
cannot determine the direction of causality; people may be more
knowledgeable because they seek out others to learn from them,
or those who are already more knowledgeable may seek out more
people with whom to discuss the changes they observe.

Social network analysis is a useful tool for elucidating patterns of
connection, but it can also reduce complexity and obscure other
dynamics. For example, the members of knowledge group D
(neighbors) were not significantly densely connected to each
other, which suggests that they did not hold similar knowledge as
a result of being highly connected in the network. However, five
of this group’s seven members are neighbors in the summer and
winter pastures, and so the strength of their interpersonal
relationships or the frequency with which they encounter each
other to discuss these issues could be more important as a metric
of knowledge transmission than the density of their connections
alone. Yet, in spite of the density measures’ failure to capture the
importance of the quality of relationships for shaping peoples’
LEK, they still indicate a unique role for village leaders in the
social network.

Political dimensions of global change knowledge and action

Current village leaders emerge as brokers who connect many pairs
of actors in the network of people discussing environmental
changes. It is possible that interviewees who had difficulty
recalling with whom they discussed changes may have defaulted
to naming leaders because this was a culturally expected response
(Bernard et al. 1984). However, in spite of problems with any
single interviewee’s recall accuracy, people who were named the


http://www.ecologyandsociety.org/vol21/iss1/art25/

most frequently across all interviews are likely to be the people
who were most sought out in the network in reality (Bernard et
al. 1982). This tendency to consult with local leaders about
environmental concerns has also been reported by Mongolian
pastoralists seeking ways to cope with change (Baival and
Fernandez-Giménez 2012).

The fact that former leaders were not disproportionately sought
out within the network indicates that leaders’ roles as brokers
likely have more to do with their current position of power and
leadership than with other traits associated with being elected as
a leader. Although all current village leaders were nominated as
experts about pastoral LEK, only the natural village leader was
part of the observant group that appeared most perceptive of
environmental changes. He also played different brokerage roles
from the higher village leaders, acting as a gatekeeper between
herders and other leaders, as well as serving as a consultant and
liaison among villagers. Interviewees described how he
encouraged them to inform him of their concerns about the
changing ecosystem, and his more active engagement in the
network relative to the other leaders may explain his
comparatively greater knowledge of environmental changes.

Natural and administrative village leaders are responsible for
local decision making, such as when to make seasonal migrations,
but they also act as conduits to transmit and implement resource
management decisions made by the Chinese government. As the
national and provincial government increasingly extends its reach
into the management of and rhetoric surrounding Tibetan
rangelands, it also affects the interplay of power, knowledge, and
decision making in what were historically relatively isolated parts
of the plateau (Klein et al. 2011, Yeh et al. 2014). For example,
provincial-level government pamphlets about overgrazing are
distributed to herders via the village leader, thereby introducing
anew, authoritative source of knowledge that may be at odds with
herders’ own LEK. The apparent authority of governmental
knowledge seemed to lead some interviewees to believe that
administrators should also know how to solve undesirable
conditions, such as the spread of toxic plants. As herders look
more toward external solutions, they may therefore seek out
village leaders as their closest link to government authorities with
the perceived ability to fix environmental problems.

As in other systems in which social and political changes may
have more pressing impacts on local livelihoods and grassland
ecosystems than the direct effects of climate change (Boillat and
Berkes 2013, Boissiére et al. 2013, Thébault et al. 2014), the
environmental changes occurring in Tibet also have an explicitly
political dimension. Due to the combined pressures of restrictive
grazing policies, declining rangeland health, and growing local
populations, people report having more problems with grassland
management than in the past, which produces conflicts and leads
them to seek out village leaders to resolve both environmental
and interpersonal issues. This, along with findings from the social
network analyses, leads us to conclude that herders are
transferring LEK of environmental change less for purposes of
learning and more with the aim of seeking adaptive solutions.

Implications for the future of local ecological knowledge (LEK)
and adaptive capacity

Local ecological knowledge of past conditions provides a
reservoir of practical knowledge that could prove useful in
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response to current and future challenges (Berkes 2009,
Fernandez-Giménez and Estaque 2012), but it must also be
updated with new LEK relevant to changing environmental
conditions (Fernandez-Llamazares et al. 2015). New education
requirements that remove children from the rangeland to attend
boarding schools threaten their ability to continue acquiring LEK
through personal observations and from elders. Whether
members of this younger generation seek off-range employment
or return to herding, they are less likely than in the past to hold
the LEK necessary to help this system cope with the challenges
posed by global change (Sternberg et al. 2001, Reyes-Garcia et
al. 2007,2010). However, young Tibetans seeking to navigate their
changing identity as contemporary pastoralists may find
innovative ways to couple LEK with what they have learned in
school (Iselin 2011), thereby bolstering their communities’ social
and environmental well-being.

The extent to which community members sought out village
leaders to discuss their observations of environmental changes
indicates that strong local leadership could emerge as being
particularly important for improving Tibetan pastoralists’ ability
to cope with and adapt to the interacting pressures of social,
political, and environmental changes. Interviewees sought out not
only the natural village leader who encouraged them to do so, but
they also proactively sought out the higher-ranking
administrative village leaders to discuss environmental changes.
Each of these leaders talked about ways in which they could
manage the rangeland more adaptively to alleviate the stress felt
by villagers, though their ability to do so is constrained by the
management parameters imposed by higher levels of government.
In Tibet and elsewhere, open communication between villagers
and leaders who bridge administrative levels could therefore be a
useful strategy for creating adaptive solutions to the
environmental problems that communities face (Reid et al. 2009,
Baival and Fernandez-Giménez 2012, Naess 2013). However, for
substantive adaptations to be possible, it is also imperative that
administrators beyond the local level are receptive to LEK from
village leaders and other local-level stakeholders (Fu et al. 2012).

CONCLUSION

Tibetan pastoralists hold varied knowledge of environmental
changes, but they have strong consensus on trends that are most
threatening to the sustainability of their livelihoods, and which
thus represent key areas for further collaborative inquiry. Their
environmental concerns are also entangled with land
management practices and policies, which they often view as more
pressing than the direct impacts of climate change alone. Overall,
people primarily learn about these changes through their personal
observations rather than through talking with others. Transfer of
environmental change information instead appears more directed
toward addressing practical challenges, with herders seeking out
other herders, and community members disproportionately
seeking out village leaders, to discuss the changes they face. Local
leaders’ ability to act as conduits for information exchange within
and beyond the village thus suggests that leaders can play a key
role in aggregating LEK from many peoples’ observations. When
possible, this knowledge can then be used to develop adaptive
local resource management practices, guide scientific inquiry, and
collaboratively inform policy decisions, thereby enhancing
communities’ resilience to the impacts of global change.
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Appendix 1

Table Al.1. Codes used for qualitative analysis of environmental knowledge and drivers of
environmental change. Groundedness indicates how many times each code was applied
throughout all interviews, and density indicates the frequency with which they co-occurred with
other codes. Personal observations were often implied throughout interviews, but this code was
only applied to explicit references to personal observations of phenomena. “Cosmological”
explanations are related to the resource management family of codes because of the way that
they causally link human behavior and environmental conditions.

Code Groundedness Co-occurring codes (density)
CLIMATE
Rain 83 Meadows (31), Wetlands (17), Livestock (15),

Traditional knowledge (13), Snow (9), Lichen (7), Toxic
plants (6), Temperature (5), Lake (4), Learning (4),
Weather (4), Mountains (2), Personal observation (2),
Shrubs (2), Soil (2), Fences (1), Teaching (1)

Snow 66 Mobility (27), Livestock (24), Meadows (14),
(mostly severe Traditional knowledge (12), Rain (9), Wetlands (7),
snowstorms) Weather (6), Learning (2), Personal observation (2),

Fences (1), Teaching (1), Temperature (1), Toxic plants
(1), Village leaders (1)

Temperature 25 Mountains (14), Lake (9), Rain (5), Traditional
knowledge (4), Personal observation (3), Learning (2),
Livestock (2), Meadows (2), Snow (1), Wetlands (1)

Weather 109 Meadows (56), Livestock (24), Wetlands (18), Men (9),
Traditional knowledge (9), Snow (6), Rain (4), Shrubs
(4), Toxic plants (4), Fences (3), Conflict (2), Learning
(2), Mobility (2), Mountains (2), Village leaders (2),
Women (2), Lake (1), Lichen (1), Teaching (1)

ECOSYSTEM

Ice 3 Lake (3)

Lake 49 Mountains (10), Temperature (9), Rain (4), Wetlands
(4), Ice (3), Meadows (3), Cosmology (2), Livestock
(2), Personal observation (2), Mobility (1), Village
leaders (1), Weather (1)

Mountains 34 Temperature (14), Lake (10), Personal observation (3),

“snow Rain (2), Weather (2), Cosmology (1), Meadows (1)
mountains”)
Wetlands 88 Learning (26), Meadows (24), Livestock (18), Weather

(18), Rain (17), Fences (10), Personal observation (7),
Snow (7), Lake (4), Conflict (3), Mobility (3), Toxic
plants (3), Village leaders (3), Cosmology (2), Soil (2),
Lichen (1), Traditional knowledge (1), Temperature (1)



Meadows

Toxic plants
(Oxytropis)

Lichen

Shrubs

Soil
RESOURCE
MANAGEMENT

Conflict

Fences

Livestock

Mobility

Village leaders

Cosmology

KNOWLEDGE
Formal
education

152

52

12

10

69

169

75

24

17

Weather (56), Livestock (42), Rain (31), Learning (25),
Wetlands (24), Fences (16), Snow (14), Mobility (10),
Personal observation (10), Men (9), Conflict (4), Lichen
(4), Traditional knowledge (4), Lake (3), Soil (3), Toxic
plants (3), Temperature (2), Village leaders (2), Women
(2), Cosmology (1), Mountains (1), Shrubs (1)
Learning (20), Livestock (13), Rain (6), Personal
observation (4), Weather (4), Meadows (3), Wetlands
(3), Mobility (1), Snow (1), Traditional knowledge (1)
Rain (7), Meadows (4), Cosmology (1), Livestock (1),
Soil (1), Weather (1), Wetlands (1)

Weather (4), Rain (2), Learning (1), Meadows (1),
Personal observation (1)

Livestock (3), Meadows (3), Rain (2), Wetlands (2),
Cosmology (1), Learning (1), Lichen (1), Traditional
knowledge (1)

Fences (19), Livestock (9), Mobility (5), Meadows (4),
Wetland (3), Weather (2)

Livestock (36), Mobility (23), Conflict (19), Meadow
(15), Wetlands (10), Weather (3), Village leaders (2),
Traditional knowledge (1), Learning (1), Rain (1), Snow
(1)

Meadows (42), Fences (36), Mobility (31), Snow (24),
Weather (24), Wetlands (18), Rain (15), Toxic plants
(13), Women (11), Conflict (9), Men (9), Village leaders
(8), Learning (6), Traditional knowledge (5), Personal
observation (4), Cosmology (3), Soil (3), Lake (2),
Temperature (2), Lichen (1)

Livestock (31), Snow (27), Fences (23), Meadow (10),
Conflict (5), Traditional knowledge (4), Village leaders
(4), Wetlands (3), Learning (2), Weather (2), Lake (1),
Toxic plants (1)

Livestock (8), Mobility (4), Wetlands (3), Fences (2),
Traditional knowledge (1), Lake (1), Meadows (2),
Weather (2), Snow (1)

Livestock (3), Lake (2), Wetlands (2), Learning (1),
Lichen (1), Meadows (1), Mountains (1), Personal
observation (1), Soil (1), Traditional knowledge (1)

Traditional knowledge (2), Learning (1), Personal
observation (1), Teaching (2), Women (1)



Traditional
knowledge

Learning from
others

Teaching others

Personal
observation

Men

Women

46

55

10

22

13

19

Learning (16), Rain (13), Snow (12), Weather (9),
Livestock (5), Meadows (4), Mobility (4), Teaching (4),
Temperature (4), Personal observation (3), Formal
education (2), Cosmology (1), Fences (1), Men (1), Soil
(1), Toxic plants (1), Village leaders (1), Wetlands (1),
Women (1)

Wetlands (26), Meadows (25), Toxic plants (20),
Traditional knowledge (16), Livestock (6), Personal
observation (6), Teaching (6), Rain (4), Formal
education (2), Mobility (2), Snow (2), Temperature (2),
Weather (2), Cosmology (1), Fences (1), Shrubs (1),
Soil (1)

Learning (5), Traditional knowledge (4), Personal
observation (3), Meadows (2), Weather (2), Formal
education (1), Livestock (1), Men (1), Rain (1), Snow
(1), Toxic plants (1), Wetlands (1), Women (1)
Meadows (11), Wetlands (7), Learning (6), Livestock
(5), Toxic plants (4), Mountains (3), Teaching (3),
Temperature (3), Traditional knowledge (3), Lake (2),
Rain (2), Snow (2), Cosmology (1), Formal education
(1), Shrubs (1), Men (1), Weather (1), Women (1)
Livestock (9), Meadows (9), Weather (9), Women (2),
Formal education (1), Personal observation (1),
Traditional knowledge (1), Teaching (1)

Livestock (11), Meadows (2), Weather (2), Men (2),
Formal education (1), Personal observation (1),
Traditional knowledge (1), Teaching (1)
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