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Abstract

Introduction: Western climate science and Traditional Ecological Knowledge (TEK) represent complementary and
overlapping views of the causes and consequences of change. In particular, observations of changes in abundance,
distribution, phenology, or behavior of the natural environment (including plants and animals) can have a rich
cultural and spiritual interpretation in Indigenous communities that may not be present in western science
epistemologies.

Results: Using interviews with Indigenous elders and other Traditional Knowledge holders, we demonstrate that
assumptions about the nature, perception, and utilization of time and timing can differ across knowledge systems
in regard to climate change.

Conclusions: Our interviewees’ focus on relationality predisposes them to notice interactional changes among
humans and other species, to be sensitive to smaller scale examples of change, to be more likely to see climate
change as part of a broader time scale, and to link changes to a greater suite of socio-political phenomena,
including the long arc of colonialism. One implication of this research and the interactions among humans and
other species is that policies restricting Native and non-Native access to resources (i.e., hunting and fishing) to
certain calendar seasons may need to be revisited in a changing climate.

Keywords: Traditional Ecological Knowledge (TEK), Traditional Knowledge (TK), Indigenous Knowledge (IK), Climate
change, Phenology, Seasonality, Time

Introduction
Indigenous peoples around the world have been some of
the most vocal in acknowledging that (a) climate change
is visibly occurring; and (b) that their communities, and
all communities, should mitigate, plan for, and adapt to
those changes (Harrington 2006; Maldonado et al. 2017;
The Mystic Lake Declaration 2009; Wildcat 2009). This
vocality, and the organizing around it (Salick and Byg
2007, Maldonado et al. 2017), has brought new promin-
ence of TEK within climate science1 that takes many dif-
ferent forms. Some mainstream scholars acknowledge
the unique and complementary value of TEK in provid-
ing additional information about changes in the natural
world (e.g., phenology) that are not as readily available

through western science observations (Berkes et al.
2000; Huntington 2000; Drew 2005). This utilitarian
view can selectively admit TEK into the western view of
climate change or climate change adaptation. Here, TEK
often serves as data that are useful for scientific research,
for describing climate change impacts, or for adaptation
wisdom that may support community-level planning
efforts.
Another form is to focus on how climate change

uniquely affects Indigenous communities (e.g., Bennett
et al. 2014). For example, Field et al. (2014) note that
one risk connected with sea-level rise is “Loss of
common-pool resources, sense of place, and identity, es-
pecially among Indigenous populations in rural coastal
zones.” In the USA at least, recognition that Indigenous
peoples face special challenges connected to climate
change has led to some dedicated research and engage-
ment resources directed toward Indigenous communities
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and nations from governments, non-governmental organi-
zations, universities, and the media (Bennett et al. 2014;
Wotkyns 2013). A third alternative (that may include one
or both models above) is research conducted by Indigen-
ous scholars and scientists themselves (formally or infor-
mally), either through university and government research
institutions, or as community-driven knowledge produc-
tion. These latter examples often take the form of practical
climate change adaptation planning such as the Climate
Adaptation planning with the Institute for Tribal Environ-
mental Professionals at Northern Arizona University
(https://www7.nau.edu/itep/main/Home/).
However, while these two primary sets of knowledge

(mainstream and Indigenous) can and do inform one an-
other, their epistemological differences are significant
and deserve examination. Indigenous peoples often in-
terpret the nature and significance of climate change dif-
ferently from non-Indigenous scientists (Bennett et al.
2014; Chief et al. 2014; Maldonado et al. 2013; Vinyeta
et al. 2015; Willox et al. 2011). These differences may
significantly affect the production of science, and the rela-
tionships among non-Indigenous scientists, Indigenous sci-
entists, and communities experiencing change (Williams
and Hardison 2013).
The literature points to several differences between

these two sets of knowledge. First, while western scien-
tists usually describe vulnerability to climate change in
economic or ecological terms, or occasionally mention
deeper effects (as in the Field et al. quote above, about
identity, or Lynn et al. 2013 about tribal first foods),
many Indigenous peoples and communities approach
the question of how climate change affects them quite
differently. They see themselves additionally vulnerable
psychologically and existentially, and see climate change
as threatening the integrity of their communities’
cohesion, or as altering the existential, personal, and in-
timate (as opposed to metaphorical or consumptive) re-
lationships with the natural world (Maldonado 2012;
Maldonado et al. 2013; Marino 2012; Willox 2012;
Willox et al. 2011; LaDuke 2017; Whyte et al. 2016).
Second, climate science—when describing changes to

the environment—draws sharp distinctions between em-
pirical data (whether observed or modeled) and the socio-
cultural context of those data. By contrast, Indigenous
peoples often understand the nature and significance of
their knowledges within political, environmental, cultural,
and social systems that differ greatly from those of many
scientists (Climate and Traditional Knowledges Work-
group 2015; Whyte 2016b; Williams and Hardison 2013).
Third, related to cause, scientists and other non-Indi-

genous persons distinguish natural climate variability
from anthropogenic (human-caused) climate change
through a rigorous statistical process aimed at determining,
e.g., how much of the warming in the past half-century was

caused by rising greenhouse gases (Stocker et al. 2013).
Yet Indigenous peoples, and some scholarly and activist
commentators, link climate change with other environ-
mental and social changes that are related to longstanding
issues of power, especially colonialism (both historically
and today) and exploitative business practices (Cameron
2012; Haalboom and Natcher 2012; Marino 2015; Whyte
2016a; Wildcat 2009).
Missing from this literature is a comparison of the

epistemology of time between scientific and Indigenous
Knowledge sets. Moreover, because one important as-
pect of climate change is changes in seasonality (the
regular occurrence of natural events), understanding
how different knowledge sets relate to time and season-
ality is essential for understanding these different ways
of knowing, how they are complementary, and how they
may differ. The specific objective of this paper is to
present Indigenous Knowledge holders’ understanding of
ecological change, and any shifts that may be climate
change driven, as perceived through the lens of TEK in
their communities and to identify the assumptions about
time and seasonality that are made therein based on
western scientific understandings. We argue that trad-
itional ways of knowing are not only valid, they are built
on a different intellectual and cultural framework that
needs to be understood in its own right. We compare
those assumptions with assumptions in the climate
science literature on time and timing in the same region.
This comparison provides important insights into as-
sumptions (when studying climate change) about the na-
ture of time, what subsequent to those assumptions
becomes more likely to be observed, and what counts as
information within these epistemological systems, as
well as the outcomes and adaptation possibilities that
stem from that knowledge. Furthermore, this study
demonstrates how Indigenous Knowledge of the envir-
onment and/or TEK may detect changes that are imper-
ceptible to western science, in part, because of a unique
and holistic relationship with the timing of change.

Knowing about time and the timing of knowing
Knowledge systems, which derive from institutions that
furnish their reliability, represent approaches to gaining
a reliable understanding of the world we inhabit so that
societies flourish. Scientific peer review is such an insti-
tution, as is gaining promotion and rank in organiza-
tions. In Indigenous communities, complex knowledge
systems are sometimes referred to as Traditional Eco-
logical Knowledge (TEK). For the purposes of this paper,
TEK is defined as the application of the specific area of
Indigenous Traditional Knowledge and Indigenous Sci-
ence Knowledge that relates to the environment in a
given traditional homeland of Indigenous groups and/or
Usual and Accustomed (U&A) areas. This may include
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but is not limited to botany knowledge, medicinal appli-
cation (collection and/or administration), hunting, fish-
ing, gathering, processing of material(s), caretaking such
as burning, coppicing, thinning, astronomy, phenology,
time, ecological markers, species markers, weather and
climate knowledge (Hong et al. 2018). TEK is complex,
unique, and can include a suite of experts, institutions,
referendums on knowledge, and checks and balances for
ensuring the successful creation, accumulation, and
transfer of knowledge, information, and ethical guidance
on how to use that information (Cochran et al. 2013;
Barnhardt and Kawagaley 2005). Ceremonies, such as
potlatch ceremonies, and training protocols for har-
vesters, as just two examples, have been discussed in the
literature as institutions that support the reliability of In-
digenous Knowledge systems (Trosper 2009). Cere-
monies and ceremonial areas vary from tribal group,
area, and location. Some ceremonial practices are intel-
lectual property and are not released information, while
other ceremonial practices are adjusted and moved
depending on TK and TEK.
Perceptions of time and temporality are deeply inter-

twined with knowledge creation, accumulation, and
transfer, as well as cultural orientation (Gingrich et al.
2002), and can vary greatly from one knowledge com-
munity to another. In some contexts, time is presumed
to be the linear progression of certain events happening
one after another. This presumption is now understood
as profoundly ethnocentric and “brazenly cultural in
character.” (Hodges 2008). As Bates writes “Assumptions
about time as a linear flow of constant rate, with neat
chronologies linking events in the past, present, and fu-
ture are convictions that are deeply embedded in
Western thought” (Bates 2007), and thus, embedded in
Western, non-Indigenous scientific discourses.
Conversely, conceptions of time in Indigenous con-

texts can vary widely and are often encoded in Indigen-
ous languages or methods of discourse and knowledge
exchanges, including storytelling and explanations about
the relationships among things in place. Different ontol-
ogies also highlight different metaphorical constructions
to explain the flow of time. For example, among Aymara
speakers of South America, the present-past is visible
and perceivable, but the future is behind a person and,
therefore, un-seeable and unknowable. Similar construc-
tions of present-past and future are present in Tuvaluan
languages and larger Pacific cultural groups, and these
constructions can clash with Western scientific dis-
courses on climate change which posit that an adequate
understanding of processes and other information per-
mit reasonably accurate quantitative predictions and are
thus oriented toward the future (Marino and Lazrus
2016). Indigenous scholars and scholars of Indigenous
studies discuss the differences in concepts of time.

Stewart-Harawira (2005) claims that “Within Māori
ontological and cosmological paradigms it is impossible
to conceive of the present and the future as separate and
distinct from the past, for the past is constitutive of the
present and, as such, is inherently reconstituted within
the future” (Stewart-Harawira 2005). In the Anishinaabe-
mowin (Neshnabémwen) language, the expression aani-
koobijigan (yankobjegen) (Whyte 2018, pg. 5) means
ancestor and descendent at the same time. This meaning
suggests an Anishinaabe perspective on intergenera-
tional time—a perspective embedded in cyclicality in
which it makes sense to consider ourselves as living
alongside future and past relatives simultaneously as we
walk through life. Cyclical time or cyclical temporality,
here, refers to various ways of experiencing ourselves in
the world as participants within narratives involving our
ancestors and descendants.
We know, additionally, that climate change will in-

clude changes in temporality, timing, and seasonal shifts.
These changes in seasonality have been widely noted.
Particularly in the Arctic, researchers and Indigenous
residents have noted changing in the timing and inten-
sity of weather patterns such as rain, snow, or cloud
cover (Huntington and Fox 2005; McNeeley and Shulski
2011; Robinson and Frei 2000). Some research has indi-
cated that these changes, while relatively small when
measured by climate scientists, can indicate important
seasonality shifts for people engaged in subsistence
practices (McNeeley and Shulski 2011; Weatherhead
et al. 2010).
Seasonality does not refer to the commonly accepted

four seasons, but rather how annual environmental
changes affect harvesting, monitoring, storing, and con-
suming of sometimes hundreds of plants, animals, and
insects. Seasonal perceptions of climate change may be
tied to detailed accounts of movements of plant, animal,
and insect populations and conditions such as ice cover
or water levels that differ from perceptions of climate
change rooted only in changes of precipitation or
temperature on a four seasons model of annual change.
For example, many Indigenous peoples perceive more
than four seasons, such as the Anishinaabe 13 moons
system or “seasonal round” (Davidson-Hunt and Berkes
2003; Benton-Banai 2008).
Indigenous perspectives on time, seasonality, and the

impacts of climate change have not previously been
compared with perspectives from climate science in the
western USA. Natural scientists have demonstrated sig-
nificant changes in climate (e.g., Abatzoglou et al. 2014)
and some consequences of those changes (e.g., Dalton et
al. 2013). Native American communities are also recog-
nizing change (Charnley et al. 2007; Alexander et al.
2011). Our original goal in this research was to investi-
gate the observations of five tribes in the western USA,
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utilizing a TEK perspective, to discover whether they
perceived impacts of climate change impacts, and
whether any adaptive strategies were being implemented.
Research can produce surprises, and the same was true
with this project. We initially expected to focus on vis-
ible expressions of culture, including songs, stories,
dances, and ceremonies, but the dominant emphasis in
interviews led us to emergent results concerning deeper
notions of how one frames change, responses to change,
and the interactions among species, ecosystems, and
culture. These observations are linked to notions and
perceptions of time and seasonality that appeared quite
different, in certain ways, from their climate science
counterparts.

Methods
The overall research objective of this project at its incep-
tion was to identify the behaviors and patterns of Native
American culturally relevant natural resources through a
TEK lens and note responses, if any, to climate change.
We did this by the following: (1) interviewing tribal
elders and cultural experts from five carefully chosen
tribes (Fig. 1): the Confederated Salish Kootenai Tribes,
the Confederated Tribes of Siletz Indians, the Paiute
Shivwits Band, the Duckwater Shoshone, and the
Quinault Indian Nation, and classifying their responses
about cultural impacts; (2) comparing responses and
adaptation measures; and (3) comparing those findings
with climate science findings in the same region. The

five tribes selected were all from the west and included
the Pacific Northwest and Great Basin regions.
The categories of questions included (a) plants and ani-

mals responding to changing climate conditions; and (b)
elements of tribal tradition and culture that depend heav-
ily on those plants and animals. However, our interviews
were intended to establish, primarily, the last causal step:
(c) whether the fluctuations in the abundance and distri-
bution of plants and animals and other environmental fac-
tors have resulted in modifications or adaptations of tribal
cultural traditions or other aspects of culture. Interviewees
were not asked to speculate on the influence of global or
regional climate change, and it was not the intention of
this research to establish, through new analysis, whether
any of these changes mentioned by interviewees are a con-
sequence of climate change.

Selection of tribes
We chose the aforementioned five tribes with high engage-
ment and promotion of traditional cultural activity on their
websites, similar enrollment numbers, and breadth of geo-
graphic distribution ranging from coastal to mountain to
desert. None of the tribes selected are directly connected to
each other, but are autonomous, federally recognized sover-
eign tribes located within the western USA.

Recruitment and data collection
The lead author interviewed 24 members of the five
tribes. The participants were chosen based on their

Fig. 1 Map showing tribal lands in the western USA and the locations of the five tribes on which this study was based
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cultural expertise, and were identified by tribal resource
managers who assisted in the selection process for this
project. Snowball technique was applied, as was pur-
poseful sampling and identification. Data was analyzed
utilizing TEK information, relating to the topics
addressed previously as they related and were utilized in
traditional Native American culture practices and behav-
iors. Stories, anecdotes, and traditional information
systems were all scanned and analyzed for TEK informa-
tion. Sensitive information and/or intellectual property
was not disclosed to the public and is not included in
this information because of sovereignty and intellectual
property rights of the respective tribes. Analyses were
based on documented information systems that have
been passed down, as well as traditional information sys-
tems that are based in TK and are applied, utilized TEK
methodologies. These knowledge systems operate on
well-defined and precise practices, and are adjusted in a
variety of ways to account for changes in environmental
factors. These adjustments were noted and comparisons
were made to self-reported previous behaviors to de-
cipher the levels of change and seasonality that have
been impacted. Terminology which is rooted in TK and/
or TEK was noted and adjusted for as it differs from
western science terminology just as a foreign language
would. Some TEK terms are rooted in Native base lan-
guages, and cannot be fully translated.
Interviews lasted for 1 h, on average. Interviews were

informal and semi-structured, allowing participants to
lead discussions. Interviews were audio recorded,
brought to Oregon State University, evaluated, and
transcribed for further review. All interviews were sub-
ject to intellectual property rights restrictions of the
tribe (Williams and Hardison 2013). We provide analysis
and examples of data here, with permission; but full
transcripts are owned by the respective tribes.

Results
Our analysis of the interviews suggested four significant
conclusions, which are each outlined in the next four
subsections. We reflect on (1) tribal perspectives on time
and seasonality, (2) temporal adaptations, (3) construc-
tion of time from the perspective of climate science, and
(4) perceived association of climatic change in relation
to other changes.

The importance of time, seasonality, and relationship
For these tribes, the most culturally significant aspect of
climate change is how it affects the definition of time,
and particularly seasons. Our study found that the tribal
understandings of time are defined by cues and patterns
observed in the natural world. As such, time is then re-
lied on, operated in, and based on a 3D construction ra-
ther than the westernized linear time system. Their

concepts of time are important not least because they in-
dicate when certain traditional behaviors should begin, for
example, hunting, fishing, and gathering. They are also
strikingly relational, so that seasonal patterns are observed
as an intricate system of connectivity and integration
among plant, animal, insect, and human experience.
These cues for human behavior include weather

events, like the first appearance of snow on a certain
mountain, botanical indicators like when berries emerge,
and animal behaviors like the emergence of a certain
species of ant.

“... in the spring, you got carpenter ants, big black
carpenter ants, and [eel hunters] didn't go eeling until
they saw those carpenter ants, they came out to mate,
grow wings and fly off and start new colonies and
stuff and that was what they marked when the
weather was right to start eeling.... they marked other
things the same way, but you can't do that anymore
because our weather's changed so much that you can't
mark anything like that; there's no way to do it.”
(Oscar Hatfield, CTSI Elder)

In the above example, the carpenter ants have no dir-
ect biological connection to the spawning times of “eels”
(Pacific Lamprey) or water levels, yet the emergence of
the ant colonies historically corresponded to eel patterns
in the river, and the Siletz relied on this correspondence
to know when to go eeling, like a timer going off. This
example is also directly (if implicitly) related to climate
change caused by rising greenhouse gases, as noted by
the comments on changing weather. Winter seasons are
shorter and spring seasons are notably occurring earlier
in the Pacific Northwest.
Quinault tribal member Doug James gave a similar ac-

count relating to Blueback salmon: “The older guys used
to tell us that when the salmon berries start coming out,
you’d start throwing your net out for blueback, and
when we start seeing the salmon berries start coming
out, we’d start seeing one or two even if they were
games (not full runs, but isolated fish that indicated runs
were arriving).” Figure 2 shows a Quinault tribal mem-
ber fishing.
Disruption of the seasonal cycle, consequently, has

profound effects for Native cultures. When a changing
climate alters long-established associations between
phenological events as in the examples above, the conse-
quences are not merely an inconvenience or a set of in-
formation; instead, they challenge the fundamental belief
about how elements of the natural world are connected,
as well as the timing of when traditional patterns occur
and behaviors are performed. Bonds between species
such as those between carpenter ants and eels, between
salmon berries and blueback, represent a fundamental
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order of the universe; when these bonds dissolve, the
sense of order begins to fray and several interviewees
expressed confusion, dismay, and concern, as in the last
part of Hatfield’s remark.
These phenological events are indicators of what is

referred to sometimes in Native communities as In-
dian time—understood here as precision in timing,
oriented in relationship to other environmental phe-
nomena and in relationship to appropriate behavior
and action. Cycles of events, bound together, not only
show these patterns of seasonality, but illustrate the
sensitivity with which relationships among people,
animals, plants, and landscape may be observed and
interpreted. While phenology and relationality do ap-
pear in Western science, particularly in noting cli-
matic changes (e.g., Menzel et al. 2006), the primacy
of relationality as a mechanism of knowing and iden-
tifying change, and the inclusion of right human be-
havior within these relations, we see as distinct from
most western science frameworks and understand it
as an epistemological difference between these ways
of knowing.

Some aspects of traditional culture are adapting to
timing shifts
Some traditional cultural elements or events are being
altered in ways that many members see as temporary,
and short term, compared with the extensive period that
Natives have been in their aboriginal landscapes. Exam-
ples that arose in our interviews included those linked
with seasonal indicators.

A seasonally important time period (generally winter,
but it varies with each tribe’s customs and beliefs) are
those days, weeks, or months when some tribes deem it
traditionally appropriate to “talk story,” and thereby to
transmit and sustain traditional information. The term
“story” is a misnomer, as this period of time is quite lit-
erally an Indigenous informational data system within
respective tribes. For Confederated Salish Kootenai
Tribes, traditional “talk story” time began when a snow-
fall of several inches visibly covered the nearby moun-
tains. Owing to the shifts in autumn snowfall timing, the
beginning of this time has changed. Due to lessened
snowfall amounts, adaptations have taken place. Now
less snow is required to indicate when “talk story” time
begins. Time, measured as periodic, and timing, under-
stood as onset or co-occurrence of related events, are
both important in traditional practice. Adaptive re-
sponses, in this case, is offsetting the change in snow
with a change in defining appropriate behavior, or tim-
ing, thus minimize the effects of climate change on some
practices.

Climate science and assumptions about time and
seasonality
In our study region, the Pacific Northwest, changes in
climate have been observed over roughly the last cen-
tury. The most recent and comprehensive study calcu-
lated an annual mean warming of 0.6–0.8 °C (1.3 °F) in
the Pacific Northwest from 1901 to 2012 and demon-
strated that the warming is anthropogenic (Abatzoglou
et al. 2014). Several other metrics of climate changed

Fig. 2 Quinault tribal member fishes in a traditional family fishing location where TEK is relied upon for fishing harvests
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too, including a large rise in the coldest night of the
year, lengthened freeze-free season, and increased
growing-season evapotranspiration. Abatzoglou et al.
(2014) found no change in annual total precipitation
since 1901, though there were shorter term trends in
precipitation during certain seasons. Numerous stud-
ies have documented other aspects of climate change
in the western USA, including timing in the arrival of
spring (Cayan et al. 2001), spring runoff arriving earlier
(e.g., Stewart et al. 2005; Fritze et al. 2011), reduced moun-
tain snowpack (Mote et al. 2018), changed timing of
spring fish migration (Robinson and Bayer 2005), and in-
creased wildfire activity (Abatzoglou and Williams 2016),
to name a few.
In order to meet stringent statistical requirements,

such studies typically describe change over periods com-
parable to the change in radiative forcing (decades) and
dismiss as “noise” shorter term variations, especially if
they are not statistically attributable to identifiable
causes (as is the case for precipitation). Indeed, shorter
term trends can be so dominated by statistical ‘noise’
that they are in the opposite direction as the forced re-
sponse (e.g., spring cooled 1980–2012, Abatzoglou et al.
2014). By contrast, Indigenous and other experiential
views of climate may be more sensitive to more subtle
changes because they are focused on the interactions
among constituents in an environment in nuanced ways.
This relational quality is a benchmark of significance in
our interviews.
In mainstream climate science, seasonality can be de-

fined in several ways. Climate data are often averaged
into 3-month seasons (December–February is winter,
etc.), but seasons can also be defined in other ways, like
growing season or rainy season. Some studies also focus
on the timing of key events and how they are shifting:
first fall freeze is coming later (Kunkel et al. 2013), lilacs
are blooming earlier in the spring (Cayan et al. 2001),
peak spring flow is shifting earlier in snowmelt-driven
basins (Stewart et al. 2005), and lakes are freezing later
in fall and melting earlier in spring (Benson et al. 2012),
to name a few. In the Northwest, the freeze-free season
has lengthened by about 9 days (Abatzoglou et al. 2014).
Such descriptions of seasonal change, focusing on tim-

ing, are relatively rare in academic papers describing cli-
mate; most papers focus on the changes in quantitative
attributes within a 3-month season (i.e., spring is always
March through May, MAM). Even rarer in the climate
science literature is a holistic description of change; for
example, Cayan et al. (2001) describe both interannual
variability and long-term change in spring (MAM)
temperature, date of lilac bloom, and date of spring
snowmelt runoff. By contrast, the Native TEK view of
seasons is entirely about timing and connections; sea-
sonality is emergent and describes how the whole system

changes, and how interactions among things are moving
in relationship to one another.

Grounding the view: climate change in perspective
Perhaps the most striking difference between our inter-
views and climate science is that our interviewees de-
scribed the changes in environment, culture, ceremony,
and socio-politics together, as a body of observable
changes over a centuries-long period of time. Regardless
of cause, all interviewees were hesitant and anxious
about the manner, rate, and sustainability of resource
use. This anxiety, which extends to resources not yet in
decline, stems from uncertainties that cannot be ex-
plained with the traditional stories, songs, or cycles that
have been witnessed and conveyed for generations. TEK,
then, has been rendered inconsistently reliable by
climate-driven uncertainty. This longstanding traditional
way of discussing change as a whole was contrasted
with the generally more compartmentalized climate
science literature, which only rarely produces a holis-
tic or integrated view of climate change within larger
socio-political or human-ecological contexts (e.g.,
Pachauri et al. 2014).
The scope of observable change demonstrated by in-

terviewees is profound, even to the point of altering
foundational ceremonies. For example, in the traditional
marriage ceremony of the Siletz, a woman accepted a
man’s marriage proposal, in response he gave a dowry to
her family, she then would move into their new home
and make ceremonial acorn soup; the soup completed
the marriage ceremony, and the couple was then consid-
ered married. For complex reasons including the Tribe’s
relocation in the 1850s but also the dwindling popula-
tion of oak trees in western Oregon, the acorn soup part
of this ritual is no longer practiced. Invasive species like
Scotch broom and Himalayan blackberry prevent sur-
vival of oak seedlings, which require moist soil and
ground cover of leaf litter for propagation and survival.
Additionally, the Quinault Indian Nation described the

traditional practice that Elders had for collecting eels
(Pacific Lamprey) during the spring. Because the eel
population has declined, this collection practice has
largely died out, and even the Elders who prepare and
consume eels rely primarily on the fish hatchery, which
collects a few every spring, mainly for the Elders who re-
quest them. Justine James (QIN) states: “A lot of the eels
in this area, they started going out in about the 60s,
some of the Elders still follow that old life-way of eating,
preparing eels, and it’s kind of a dietary change and the
logging practices have kind of altered the environment
and so you don’t get the eels as much.” Close et al.
(2002) suggest that the decline may have been exacer-
bated by a Euro-American notion that the Pacific lam-
prey is a pest and managed it as such.
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Nearly every participant described changes they had ob-
served and expressed anxiety about these changes, but
also expressed apprehension about future changes. These
perspectives included changes resulting from a host of fac-
tors connected to the cataclysmic replacement of an Indi-
genous management system of the socio-political and
natural environment in North America, with a Western
management system. The latter system has brought as-
similation pressures, economic upheaval, increases in in-
vasive species, ecosystem changes, and climate change
together. In other words, by not compartmentalizing cli-
mate change from other human-environmental changes,
connections among human action and resulting risk to
animal and plant species are more visible in a TEK epis-
temological construction of climate change.
We argue this difference in assessment, in part, has to

do with the organization of knowledge, knowledge con-
struction, and understandings of time and temporality.
Understanding inter-relational change puts the events
described above in a temporal field that understands
changes as dense, intimate to place, interrelated, and
across systems, including and especially in changes to
socio-political systems and the impacts of colonialism
writ large (Killsback 2013). Whereas the primary em-
phasis in TEK is holistic, the primary emphasis in cli-
mate science literature is in thoroughly understanding
each component (e.g., physics of sea ice), with much less
attention given to seeking connections (as in Cayan et
al. 2001) or understanding strong interrelationships. Cli-
mate science has developed complex earth system
models representing the physical and biophysical com-
ponents and their interactions (e.g., Flato et al. 2013)
and also integrated assessment models representing the
interactions between humans (chiefly as their activities
affect the radiative energy balance of the planet) and the
climate system (e.g., Clarke et al. 2014). Such tools are
intended to emphasize interactions and connections
among components, and though the two epistemological
constructions might share many overarching goals, they
also have clearly different approaches and aims.

Discussion
Epistemological differences and suggestions moving
forward
Differences between these perspectives on time are
multifaceted and range from pragmatic to deeply philo-
sophical. To begin with, there are species management
implications to our work. We find that with disruptions
in seasonality and availability, tribal communities need
flexibility in management systems in order to access
traditionally harvested resources. However, the “calen-
dar-driven” agency rules about harvest present a chal-
lenge. Namely, the defined “season” for harvesting
salmon, deer, and shellfish is in some cases in conflict

with the actual season of availability. As one elder said,
“Our weather is changing, our seasons are not definite
like they used to be and you used to be able to count on
the rains coming, in October, that brought you the fish
up the river so we could catch fish and now sometimes
you don’t have any rain clear into December.” (Oscar
Hatfield, CTSI Elder). Specifically, Oregon salmon har-
vesting season is established by the state department of
Fish and Wildlife. The season generally begins in the
middle of September and goes through the end of
November, depending on location (ODFW 2014). Our
research suggests that, not only should the “timing”
of the “salmon season” be revisited under conditions
of climate change, but that tribal communities need
flexibility in determining when is the most appropri-
ate time to harvest species because seasons of “onset”
are in flux. In other words, management should be
more on Indian time.
Second, we recognize that Traditional Ecological

Knowledge may be particularly sensitive to changes in
co-occurring temporality-shifts because of a focus on
relationality, as per our examples above. Traditional
Knowledges maintain vast cultural information, in
addition to TEK maintaining profound knowledge of
landscapes and seascapes over time, and may observe
temporal relationships and changes that exceed the cap-
acity of Western science methods to measure. Thus, we
suggest that there is potential for collaboration among
Indigenous TEK holders and climate scientists. However,
there must be appropriate sharing of epistemological un-
derpinnings if this relationship is to be fruitful and
maintain respect for all knowledge holders.
Last, we want to acknowledge that Indigenous com-

munities are disproportionately impacted by climate
change because of the strong reliance on subsistence re-
sources, and because of the lack of flexibility to adapt to
changes because of colonial legacies and other social and
environmental change including inequitable access to
economic capital and resources, invasive species disrup-
tions, and other changes over the last 150 years,
discussed above (Marino 2015; Whyte 2016a; Wildcat
2009). Adaptation to climate change in tribal communi-
ties, therefore, is not absolutely distinct from other
cataclysmic changes in tribal communities within Trad-
itional Knowledge sets. Following, adaptation to climate
change cannot be done realistically without addressing
rights to sovereignty, land rights, treaty rights, and other
environmental injustices and changes.

Conclusions
Ultimately, we see Indigenous concepts of time in this
study as 3D, integrating observations and knowledge
about the environment, knowledge of cultural tradition,
environmental awareness, application of longstanding
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Traditional Knowledges, reliance on and understanding
of environmental cues, and finally, finding the right mo-
ment or “time” to act based on environmental indicators.
These frameworks for time are built into systems of
knowing that are complex and sensitive to change. As
environmental systems change and there is a decline of
certain resources, it poses a challenge to the very basis
of how Native identity is formed and maintained. The
identity and the robustness of socio-ecological relation-
ships that Natives have been basing themselves on and
with for many generations is steeped in this Traditional
Knowledge and relationship of reciprocity with the en-
vironment. For scientists who wish to work with Native
peoples, and for the purposes of advancing climate
knowledge in general, special attention should be paid to
the relational and seasonal frameworks with which
Traditional Ecological Knowledge and Indigenous
scientists interpret the natural world. Awareness of dif-
ferences in temporal constructions of knowledge is es-
sential for cross-epistemological sharing, for maintaining
respect across knowledge holders, and for seeing climate
change as it really is.

Endnotes
1We define climate science as all branches of science

that deal with the description of climate variability and
change itself, and of its impacts on the natural world, on
infrastructure, and on human well-being, economics,
etc. And we distinguish TEK from “mainstream”
science—the latter deriving value from peer review, the
former deriving value from social acceptance within the
community.
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