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Abstract. In the Klamath River Basin (KRB) of northern California and southern Oregon, climate-
related changes, such as more intense droughts, varied and concentrated precipitation, earlier 
spring and later fall conditions, extreme temperatures, and decreased snowpack have contributed 
to increasingly unpredictable plant reproduction and harvest cycles. In this study, we explore 
contemporary relationships between plants and Indigenous People in the KRB, identifying benefits 
of cultural ecosystem services (CES) derived from Indigenous stewarding and gathering of culturally 
significant plants, and discuss how these services may change based on climate change observations 
and experiences. This study contributes to the conceptualization of Indigenous Cultural Ecosystem 
Services (ICES), providing a framework for the incorporation of Indigenous concepts, approaches, 
and perspectives into assessments of ecosystem services (ES) and, particularly, CES. It highlights the 
value of Indigenous perspectives and observations of climate change effects on plant reproduction 
and productivity, as well as their contribution to cultural ecosystem resilience and adaptation under 
changing climate conditions. We propose that incorporating Indigenous concepts and approaches to 
assessing CES and ES could lead to more holistic management decisions and better-informed climate 
adaptation initiatives with greater ES for all.
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Introduction
Over the past decade, California 

and Oregon have experienced increas-
ing frequency of extreme weather events, 
including catastrophic wildfires, with the 
2020 fire season being the most extensive 
and destructive in recorded history (Ho 
2020; Karuk Tribe 2019). Unreliable rainfall 
and snowpack and increased summertime 
highs, coupled with a legacy of fire exclu-
sion, has made Klamath River Basin (KRB) 
forests and communities vulnerable to 
large and destructive wildfires (Barr 2010; 
Karuk Tribe 2019). Historically, Indige-

nous Peoples in the region stewarded their 
landscapes with low-intensity burns, mini-
mizing the risk of high-intensity fire (Lake 
2018; Tripp 2020); however, these prac-
tices were outlawed in the early twentieth 
century in favor of timber production regu-
lated through newly established federal 
forests. Indigenous burning, tending, and 
harvesting practices support both forest and 
human health and resilience by minimizing 
ground fuels, pests, and pathogens, reduc-
ing tree density, and enhancing production 
and accessibility of cultural foods, fibers, 
and medicines (Karuk Tribe 2019; Lake 
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significant plants gathered by Indigenous 
Peoples in the Klamath River Basin and (b) 
conceptualize climate change impacts to 
culturally significant plants and Indigenous 
People by adapting and expanding exist-
ing ecosystem services (ES) frameworks to 
consider important factors—such as Tribal 
sovereignty, governance, historical trauma, 
mental health, Indigenous Knowledge 
systems, and cultural values—important 
to Indigenous people and the ecosys-
tems they steward. In doing so, this study 
contributes to the fields of ethnobiology 
and ethnobotany by offering rich data on 
Native American experiences, knowledges, 
and observations of phenological and 
biodiversity change in response to climate 
change and climate impact on Native 
landscape use and management in the 
Pacific Northwest region of North America. 
While non-Indigenous resource-dependent 
communities have made significant contri-
butions to ES scholarship (see Gould et al. 
2014; Michaelis et al. 2020), we deliber-
ately focus on Indigenous people in this 
paper, as the history of long-term land stew-
ardship and subsequent land dispossession 
and mismanagement under colonialism has 
shaped both the impacts of and responses 
to climate change in Indigenous communi-
ties and landscapes in unique and specific 
ways. Indigenous communities are currently 
at the front lines of climate change, not only 
in terms of ecological and social vulnera-
bility, but also through their leadership in 
climate change research and responses 
(Grantham 2018; Karuk Tribe 2019).

We situate our analysis within the 
conceptual frameworks of ES and particu-
larly cultural ecosystem services (CES) to 
illuminate how Indigenous relationships with 
ecosystems provide services and benefits to 
ecosystems and Indigenous people them-
selves and how climate-induced changes  
both threaten and can be mitigated by those 
services and benefits. We use our Indig-
enous Cultural Ecosystem Services (ICES) 
framework, presented below, as a tool to 

2013). Beginning in the 1800s, American 
settler colonization and extractive fur, gold, 
agriculture, and timber industries resulted 
in a massive disruption of Indigenous 
food systems and resource management 
(Dunbar-Oritz 2014). Today, climate 
change impacts, compounded by cumula-
tive impacts of colonial forest management 
regimes, continue to negatively impact 
environmental and human health in the 
region (Karuk Tribe 2019).

In spite of these challenges, and often 
risking incarceration, the Karuk, Yurok, and 
Klamath Tribes in the KRB of California and 
Oregon have remained active stewards of 
their ancestral territories, through the gath-
ering and management of native plant and 
fungi foods, fibers/materials, and medi-
cines (Lake 2013) (Figure 1). While often 
falsely categorized as hunter-gatherers 
(Kroeber 1976), Tribes in this region are 
meticulous architects of their landscape, 
actively and intentionally tending the forest 
and component layers of fungi, herbs, 
shrubs, and trees with fire, tilling, weed-
ing, pruning, transplanting, and irrigation 
to maximize production of gathered botan-
icals (Anderson and Lake 2013; Lake et al. 
2017; Marks-Block et al. 2019). There is 
substantial evidence that human-induced 
climate change is negatively impacting 
ecosystems (Millennium Ecosystem Assess-
ment 2005) with significant disruptions to 
cultural practices, such as gathering, hunt-
ing, or fishing and their derived benefits to 
human-wellbeing (Díaz et al. 2019; Thorne 
et al. 2016). For example, in a recent study 
in the area, 93% of all households reported 
not having enough culturally significant 
foods and 66.8% of Tribal household 
respondents identified climate change as a 
barrier to having enough culturally signifi-
cant foods, with over 20% of respondents 
classifying it as a strong barrier (Sowerwine 
et al. 2019b). 

In this article we (a) examine how 
climate change is impacting the utilization, 
availability, and management of culturally 
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organize, illustrate, and discuss climate 
change impacts on Indigenous gathering 
of culturally significant plants in the KRB 
within the integrated social, cultural, envi-
ronmental, and political domains. 

In standard models of ES (defined as 
ecosystem conditions, processes, or goods 
that support human life) there are four broad 
categories of services: cultural, provision-
ing, regulating, and supporting (Millennium 
Ecosystem Assessment 2003). CES are 
defined as “nonmaterial benefits people 
obtain from ecosystems through spiritual 
enrichment, cognitive development, reflec-
tion, recreation, and aesthetic experiences, 
including: cultural diversity, spiritual, and 
religious values, knowledge systems, educa- 

tional values, inspiration, aesthetic values, 
social relations, sense of place, cultural 
heritage values, and recreation and ecotour-
ism” (Millennium Ecosystem Assessment 
2003). While CES are often identified as 
“intangible services” (Millennium Ecosys-
tem Assessment 2003) and, thus, hard 
to consider in policy and management, 
cultural significance of ecosystems can 
make tangible contributions to human 
well-being that are observed in identities, 
experiences, and capabilities (Fish et al. 
2016). In this study, we challenge the linear 
flow of benefits and resituate people as 
active stewards of ecosystems rather than 
passive beneficiaries (see also Chan et al. 
2012; Díaz et al. 2018), presenting a mutu-

Figure 1. Karuk women harvesting culturally significant foods and fibers for consumption and weaving, including 
(from top left to right) beargrass (Xerophyllum tenax), a type of Indian potato (Dichelostemma capitatum), Sandbar 
willow sticks (Salix exigua), and wild grape roots (Vitis californica).
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alistic relationship between ecosystems 
and Indigenous people largely absent from 
ES models. To this end, there is a small, 
emergent scholarship centering Indigenous 
perspectives within some ES frameworks 
(see Comberti et al. 2015; Fish et al. 2016; 
Sangha et al. 2015, 2018; Winthrop 2014). 
One such study, by Sangha et al. (2015), 
states that deriving benefits from nature as 
represented by the stock flow model, often 
used to explain ES, excludes the world-
view of Indigenous Peoples who assume 
responsibility as caretakers and stewards of 
their land and cultural resources (not just 
consumers), which in turn provides food, 
medicine, materials, tools, and more. Our 
research affirms the importance of steward-
ship and mutualism in ES when applied in 
the Indigenous context.

Conceptualizing Indigenous Cultural 
Ecosystem Services and Benefits to 
Human and Ecosystem Wellbeing

In this study, we modify Fish et al.’s 
(2016) CES framework to conceptualize 
an Indigenous Cultural Ecosystem Services 
(ICES) framework (Figure 2) and the myriad 
of services and benefits derived therefrom. 
We use the ICES model to illustrate how 
climate change is influencing ICES and asso-
ciated benefits related to the cultural practice 
of gathering and managing culturally signifi-
cant plants, and how ICES, in turn, have the 
potential to mitigate climate change impacts 
and support overall social-ecological resil-
ience in gathering areas. 

ICES, as we conceptualize them (see 
Figure 2), both shape and are shaped by 
environmental spaces, cultural practices, 
and climate change impacts, as well as the 
biophysical and policy and governance 
domains. ICES also give rise to both tangible 
and intangible benefits to both the environ-
ment and people. Cultural values influence 
all components of the ICES model and have 
the ability to support or diminish ICES and 
social-ecological resilience, depending on 
whose cultural values are prioritized and 

applied. In the Indigenous context, cultural 
values that both inform and are informed by 
ICES and associated benefits are exempli-
fied by the caretaker responsibility, a moral 
code of providing for all living things that 
is not voluntary but rather imperative for 
current and future Tribal generations (Lertz-
man 2009). 

A limitation of CES models that we 
also seek to address is the ability to assess 
the role that policy and governance play in 
both managing climate change and enabling 
or prohibiting CES. In the case of the KRB, 
it draws attention to the enduring effects of 
Euro-American settler colonization on CES 
and associated benefits and provides space 
to acknowledge the historical dispossession 
of ancestral lands by the federal government 
and ongoing restrictions and challenges 
Indigenous communities have in maintain-
ing the continuity of their cultural practices 
and benefits derived therefrom (Schultz et 
al. 2019; Tripp 2020). From a management 
perspective, it draws attention to the chal-
lenges of subsistence and cultural survival 
under changing climate conditions, as well 
as the possibilities for new governance 
models that are inclusive of Indigenous 
cultural values, paying attention to CES 
and associated benefits from an Indigenous 
perspective. 

Below, we identify and define the 
components of our ICES model, which 
includes elements from Fish et al.’s (2016) 
model, and specific additions or modifi-
cations in relation to our case study. Our 
additions are listed in italics.

 •  Cultural values: Norms and expec-
tations influencing and influenced 
by services, benefits, and their 
biophysical context.

 •  Social-ecological resilience: The 
ability to maintain function under 
stress by adapting, mitigating, or 
transforming.

 •  Biophysical domain: the biotic and 
abiotic environment (e.g., animals, 
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fungi, plants, soils, rocks, climate) 
that provides the material compo-
nents of environmental spaces and 
opportunities for cultural practices.

 •  Policy and governance domain: 
Rules and regulations influencing 
and influenced by services, bene-
fits, and cultural values over time.

 •  Climate change: Long-term and 
large-scale change in weather 
patterns induced and mitigated by 
anthropogenic causes. 

 •  Environmental spaces: places/
landscapes (e.g., ancestral territory 

forests, rivers, gardens, meadows, 
ceremonial, or sacred areas) where 
people interact with each other and 
the biophysical domain. Coordina-
tion among Tribal families living in 
a similar area (region/watershed) 
using different gathering places 
and patches increases ecological 
heterogeneity and resilience at 
different scales. 

 •  Cultural infrastructure: Places, sites, 
and ecological structures (i.e., fish-
ing sites, hunting camps, trails, 
culturally modified trees, arranged 

Figure 2. The Indigenous Cultural Ecosystem Services and Benefits model based on our case study with Tribes in 
the Klamath River Basin.
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rocks formations, etc.) created 
by cultural practices to increase 
functionality and/or acquisition 
of resources that facilitate subsis-
tence, ceremonial/ritual, and 
economic security. Cultural infra-
structure is integrated with natural 
systems that provide services to 
humans and the environment (see 
Jones and Steen-Adams 2020).

 •  Cultural practices: activities that 
relate humans to each other and 
to the natural environment. In our 
case, cultural practices include 
stewardship, gathering, hunting, 
and fishing culturally significant 
foods, fibers, and medicines, inter-
generational knowledge systems, 
social and familial systems, and 
ceremonies. Diversity in ways of 
doing supports resilience in cultural 
continuity through a range of meth-
ods that can adapt to change.

 •  Indigenous cultural ecosystem 
benefits: Contributions to human 
and non-human wellbeing derived 
from CES, including identities, 
experiences, and capabilities (e.g., 
knowledge, a sense of belonging, 
health, security, sense of place) as 
well as regulating services (e.g., 
habitat for pollinators, erosion 
control, soil fertility), provisioning 
services (cultural foods and medi-
cines, raw materials for weaving, 
regalia, building), and supporting 
services (e.g., biodiversity, diver-
sified habitat quality to support 
diverse species), all of which are 
benefits derived from CES.

 •  Provisioning services: material 
outputs of ecosystems (e.g., sticks 
and fibers for basketry or tanoak 
acorns for acorn soup) (Millen-
nium Ecosystem Assessment 2003).

 •  Regulating services: maintenance or 
regulation of ecosystem processes 
(e.g., regulation of plant pests and 
pathogens using low-intensity fire) 

(Halpern 2016; Millennium Ecosys-
tem Assessment 2003).

 •  Supporting services: services neces-
sary for the production of other ES 
(e.g., soil formation and nutrient 
release following low-intensity 
burns) (Millennium Ecosystem 
Assessment 2003; Santin and Doerr 
2016).

Methods
This research was part of a collabo-

rative Tribal-university-agency research, 
education, and extension project, span-
ning seven years (2014–present), and 
focused on enhancing Tribal health, food 
security, and agroecosystem resilience 
through sustainable food systems in the 
KRB. Research was conducted in partner-
ship with the Karuk Tribe and Yurok Tribe of 
northern California and the Klamath Tribes 
of southern Oregon (see Sowerwine et al. 
2019a). Using community-based participa-
tory research methods (Fals Borda 1984), 
we worked closely with Tribal collabora-
tors and other research partners to identify 
research questions, co-design and imple-
ment methods, interpret data, and develop 
recommendations and publications. An 
ethical research protocol was followed, 
with all research components and publica-
tions approved by Tribal councils and Tribal 
and university research ethics boards prior 
to commencement of research or submis-
sion for publication. 

The data used for this study were 
collected in focus group discussions (21 
total, 128 participants) and key infor-
mant interviews (179 total) conducted in 
2015-2016 and 2019-2020. All interviews 
and focus groups were audio recorded 
and transcribed with participant consent. 
Focus groups (7 participants average) took 
place in nine towns in the KRB with Tribal 
members and descendants. Participant ages 
ranged from 14 to 62 years with an aver-
age age of 44, and included both men and 
women. One focus group (2019) included 
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a phenological calendaring exercise of 
culturally significant plants. Interviews were 
conducted with Tribal members and descen-
dants. Sixty-four of the interviews took 
place in Karuk gathering areas (2019-2020) 
with five cultural practitioners (25–65 years 
old). Interview and focus group questions 
focused on the following content areas:

 •  Barriers to culturally significant 
food acquisition and consumption.

 •  Use and management of cultural 
ecosystems and resources.

 •  Timing of phenophases and harvest 
of culturally significant plants. 

 •  Availability, quality, and abun-
dance of culturally significant plant 
resources.

 •  Climate impacts on culturally signif-
icant plants and habitat condition 
within traditional gathering areas. 

 •  Recommendations for mitigating 
and improving identified stressors 
and barriers.

Analysis of Interview and Focus Group 
Data

Interview and focus group data were 
coded using content analysis and flexible 
coding (Schreier 2014). A codebook was 
developed from all qualitative data, using 
inductive and deductive coding (Fereday 
and Muir-Cochrane 2006) by developing 
our initial coding themes as a team and 
based on interview/focus group guides. We 
then identified 15 codes relevant to this anal-
ysis and organized them by four ICES model 
components: Climate change (change in 
weather or climate, drought, impact on 
cultural resources, pests or pathogens, wild-
fire); ICES (cultural practices, cultural fire, 
land and ecosystems management/steward-
ship, gathering); ICES benefits (sharing and 
trading, knowledge systems, food security, 
culture); and Policy and governance (legacy 
of colonialism, policy barriers; see Supple-
mentary Table 1 for code definitions). We 
analyzed overlaps between climate change 
and ICES, policy and governance, and ICES 

benefits to understand climate impacts on 
each. All analysis was conducted in NVivo 
(Version 11.4.3).

Results
Participants identified changes in 

climate and weather patterns over the last 
half-century, including significant changes 
in snowpack, less volume and duration of 
precipitation, drier and warmer summer 
months, and an earlier onset of spring-like 
temperatures. These observations align with 
regional climate studies in the area (Barr et 
al. 2010; Grantham 2018; Halofsky et al. 
2020) and the general trajectory of climate 
change impacts on culturally significant 
foods (Karuk Tribe 2019; Lynn et al. 2013). 
In the sections below, we detail Indigenous 
observations of how climate change is alter-
ing ICES in the KRB.

Climate Change Impacts on ICES
Respondents described climate change 

impacts on their ability to access and harvest 
culturally important foods (a practice that 
often involves social bonding, intergener-
ational knowledge sharing, stewardship 
practices, and food sharing) in their ancestral 
territory. They reported that climate change 
has made it challenging to consistently 
predict the timing of harvest for different 
food, fiber, and medicinal species, which 
proves particularly challenging for sched-
uling harvest visits with family. Reduced or 
unreliable harvest timing has implications 
for the application of IK systems, includ-
ing the timing of ceremonies and culturally 
significant foods served at ceremonies, the 
ability to support family and community, 
and continuity of place-based knowledge 
and cultural practices. 

Respondents reported that the seasonal 
timing for harvesting culturally significant 
foods, fibers, and medicines is different 
from their childhood (20–50 years ago). As 
one person explained, people are experi-
encing “the speeding up of seasons and 
seasonal harvests,” making it difficult to 
predict when to begin harvesting. One 
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elder respondent in the upper basin shared 
that wocus (Nuphar polysepala), which 
she used to harvest in August or Septem-
ber, was nowadays ready to harvest and 
almost spoiled by mid-July, the same time 
she was harvesting cattails (Typha latifolia) 
and tule roots (Schoenoplectus spp.). In 
the middle basin, evergreen huckleberries 
(Vaccinium ovatum), which previously were 
first harvested in September (October in the 
early 1900s [see Warburton and Endert 
1966]), are now often ready in July. 

Weather extremes and fluctuations 
cause uneven ripening of fruits and erratic 
physiological and reproductive cycles. 
Respondents reported that extreme heat 
during the summer speeds up the ripen-
ing and senescence of fruit; this has been 
observed in the harvest of trailing blackber-
ries (Rubus ursinus), black cap raspberries 
(Rubus leucodermis), and evergreen huck-
leberries, where the berries ripen and soon 
thereafter shrivel up and spoil. Plants like 
gooseberry (Ribes spp.), redbud (Cercis 
occidentalis), willow (Salix exigua), Cali-
fornia beaked hazel (Corylus cornuta var. 
californica), and huckleberry are observed 
budding and flowering months ahead of 
time. Early budding interrupts the rhythm 
of hazel stick harvest, creating a shorter 
window when sticks can be harvested 
before the buds leaf out too much. Also, 
periods of warming and freezing tempera-
tures in the spring are thought to contribute 
to unpredictable and abnormal stripping of 
the outer bark on willow and hazel sticks 
used for basket weaving. The sap runs a lot 
earlier and faster in trees, as observed in 
the harvest of alder bark (Alnus spp.). Some 
bulbs, such as camas (Camassia quamash 
var. breviflora), in the upper basin, shrivel 
up, shrink in size, or do not even propagate 
in low moisture conditions. Unpredictable 
showers of rain and hot and cold spells 
cause abnormal flowering and ripening 
patterns, disrupting pollination and aborting 
flowers and fruits during freezing periods, 
as observed in madrone berries (Arbutus 
menziesii) and huckleberries. 

Increased incidence, spread, and dura-
tion of wildfire due to hot and dry summer 
conditions causes months of heavy smoke 
inversion layers. This influences plant growth 
and, in some cases, has sped up senescence. 
One respondent observed yerba buena 
(Clinopodium douglasii) turning purple and 
dying in August during an intense wildfire 
season, something this person had never 
seen before. Other people noticed yerba 
buena migrating to places it did not grow 
previously and having a shorter period of 
dormancy attributed to warmer winters and 
earlier springs. 

Years with less precipitation result in 
lower productivity of some culturally signif- 
icant plants. For example, respondents attri- 
buted multiple years of limited tanoak (No- 
tolithocarpus densiflorus)/black oak (Quer-
cus kelloggii) acorn and tanoak mushroom 
(Tricholoma murrillianum) production to 
low rainfall (soil moisture availability). It is 
currently a struggle to harvest and provide 
enough acorns at ceremonies, which often 
requires one family to provide 60 or more 
people acorns for ten consecutive days. Not 
being able to provide enough acorns for 
ceremonies leads to stress and worry. 

I know last year it had a big impact on us. 
When we’re having to say, “How many 
acorns do you have?” “I only have this 
many.” We’re worried about it, having 
enough for the dance, let alone…I 
can’t make acorns because this is all I 
have and I got to save it for dance time. 
(Interview #25, 10/29/2015) 

For several species (chinquapin [Chry- 
solepis chrysophylla], peppernut [Um- 
bellularia californica], sugar pine [Pinus 
lambertiana], and madrone), there have 
been years of mass production followed 
by little reproduction and coupled with 
extreme weather and signs of depriva-
tion. Cultural practitioners suspect heavy 
production is a stress-induced response 
to safeguard genetic continuance when 
an individual is in physiological decline. 
Decreased precipitation has resulted in 
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significantly lower river flow and near elim-
ination of flooding events (compounded 
by dam regulation of high flows) which 
hampers the quality and health of willow 
roots and sticks for basketry, a material that 
requires periodic scouring from high flows 
to break off old growth, spur new growth, 
and decrease saw fly (Euura exiguae) popu-
lations (species of saw fly identified in Lake 
2007). 

ICES and Climate Mitigation
The cultural practice of managing 

plants with fire contributes to climate miti-
gation in two ways: it enhances the health 
and productivity of culturally significant 
plants and reduces fuel loading, which 
minimizes the risk of high intensity forest 
fires. This practice safeguards both cultural 
resources and communities. Fire suppres-
sion policies implemented in the 1900s 
have led to overstocked forests littered with 
fuels that are prime for high intensity fires 
in changing climate conditions. Cultural 
burning, used by Indigenous communities 
in the region since time immemorial, is 
now being adapted by federal agencies to 
manage against catastrophic fire. However, 
the cultural values of burning are important 
to consider, as the practice and end goals 
can be strikingly different (e.g., managing 
for culturally significant foods versus timber 
and fuel reduction). One respondent said: 

The Forest Service and other agencies 
want to do the burning themselves yet 
they don’t have the objective of why 
they’re burning that Native people do. It 
would look like a totally different forest 
if the Native people were managing 
it versus the Forest Service. (Interview 
#61, 12/01/2015) 

This respondent emphasizes the need for 
Indigenous-led burning practices, with a 
focus on native plant management, high-
lighting the importance of cultural values in 
our ICES model.

Transplanting, seeding, watering, and 
thinning culturally significant plants are 

cultural practices, which, in the contempo-
rary context of climate change, are emerging 
as important mitigation strategies for water 
and heat stress and the decline of native 
species in some habitats. Respondents 
reported transplanting culturally significant 
plants closer to their homes or re-planting 
gathering areas in decline or after a distur-
bance. One respondent said:

My ones [evergreen huckleberry] in 
my yard are doing really good, but  
they’re irrigated. They’re fertilized. 
They’re pruned. They’re sung and talked 
to when the bumblebees are planting the  
flower, and they’re watched in the sum- 
mer when they’re growing. I have a few  
places like that up on the hill too, on 
National Forest lands that I go visit. 
Generally speaking, I think those ones 
you steward and care for the most are 
going to produce well. (Interview #62, 
12/02/2015)

Native people in the KRB play an important 
role in the long-term survival and health of 
native plant species and resilient ecosystems 
in the face of climate change; however, they 
must have sovereignty over these practices, 
as demonstrated in the next section.

Policy, Governance, and the Legacy of 
Colonialism

Today, large portions of Tribal ancestral 
territories in the KRB are federal lands, and 
the harvest and management of culturally 
important plants are governed by public 
policies restricting Tribal sovereignty over 
ICES. The harvest of non-timber forest prod-
ucts (e.g., fungi, willow, beargrass, and 
hazel) on public lands is governed by the US 
Forest Service Traditional Gathering Policy, 
which allows certain culturally important 
plants to be gathered without a permit and 
management to be conducted collabora-
tively (USDA Forest Service Region 5 2021). 
This policy excludes timber products and 
hunting and fishing. At times, public poli-
cies limit cultural practices, for example, 
harvesting seaweed on the coast in Yurok 
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needed for permit approval. One respon-
dent reflects on the importance of cultural 
fire management and the challenges in 
doing so today:

Controlled burns would help a lot. I 
almost lost my house to a fire years ago 
because there’s a lack of burns. To be 
able to control a burn when you want 
to, this one they had the TRX people, 
that was really cool, but they weren’t 
really able to follow complete tradi-
tional way after it rains. It seems like 
when I was younger, people were able 
to do that more on their own properties, 
didn’t have to ask permission to do it 
or get a permit, during a time of year 
when they’d be necessarily—I know 
that for regalia you have to get a permit 
and you have 10 days to use it. What if 
it rains in those 10 days and you don’t 
want to have a bunch of firefighters on 
standby, you just want to do it your-
self. That’s how my uncle used to do it, 
my great uncle didn’t have a team of 
firefighters access all the time, he just 
waited until it rained and did it, and it 
never got away because it was able to 
do what they wanted to, versus when 
you’re able to get it when it’s the time. 
(Interview #21, 10/27/2015)

Given contemporary regulations surround-
ing cultural/prescribed fire management 
and the influence of climate change, we 
demonstrate how the policy and governance 
dimension limits Tribal land stewardship, a 
critical ICES, thereby impacting the qual-
ity and abundance of culturally significant 
plants and the myriad benefits derived 
therefrom. 

ICES Benefits
ICES benefits are directly and indirectly 

influenced by climate change. Misguided 
land management policies compounded 
by climate change impacts on biophysi-
cal landscapes affect ICES and associated 
benefits. We detail examples of ICES bene-
fits associated with identity, experiences, 

Ancestral territory is limited to ten pounds 
of seaweed (see California Department 
of Fish and Wildlife 2021), the equivalent 
of about ten patties of seaweed, which is 
not enough for a substantial contribution 
to any cultural event or even a household 
(Focus group #11, 6/22/2015). In many 
cases, gathering and harvesting any type 
of culturally important resource requires a 
permit from a public agency, which is in 
violation of Indigenous sovereignty. Asking 
for and granting of permission to use ances-
tral landscapes and cultural resources that 
have been inhabited, used, and managed 
by Native people since time immemorial is 
recognized as disrespectful and offensive by 
Tribal people. Many prefer to risk fines and 
even jail than to take on the emotional and 
mental angst associated with submitting to 
permitting requirements. 

Climate change has made it more diffi-
cult to manage culturally important plants 
with prescribed or cultural fires, as permit-
ted burn windows are now shorter and 
less frequent and the permitting process for 
public lands is challenging. Nevertheless, 
without fire, many culturally significant 
plants in this area are not viable for use. 
In recent years, federal and state adminis-
trative or emergency declaration policies 
have closed National Forests to public and 
Tribal access due to fire danger or wildfire 
suppression, prohibiting cultural practices 
in these spaces. To regulate smoke emis-
sion, burn permits from air quality districts 
are required. Any prescribed/cultural burn-
ing project on federal lands also requires 
environmental and social analysis by the 
Environmental Protection Agency and, when 
the time is scheduled, an approved burn plan 
for conducting the burn with adequate fire 
personnel and resources. Recent climate- 
induced drought and weather events make 
vegetation burning risky, making it harder to 
find days which are permissible for cultural 
burning. Furthermore, when the KRB is in 
ideal condition for cultural burning prac-
tices, longer and more intense fire seasons 
fatigue or occupy essential fire personnel 
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and capabilities, including spirituality, food  
security, health, family, and more to highlight 
the potential risk for Indigenous com- 
munities in the KRB due to the conse-
quences of climate change.

Respondents identified “identity” bene-
fits related to ICES, including spiritual/ 
religious connection to ecosystems and 
childhood memories, which engender a 
sense of belonging to place and people 
and responsibility to care for the land and 
component resources.

It [gathering] makes you more 
connected to the land that you’re from. 
It makes you have that connection that 
your people have always done. I think 
people that gather and hunt traditional 
foods in their area care more about 
their area and are more interested in 
being advocates for their land and the 
animals that are there. (Interview #31, 
11/3/2015)

ICES “experiences” generated from formal 
or informal community groups related to 
gathering and stewardship strengthen social 
and familial bonds, critical to mental health, 
and continuity of culture and cultural ES. 
Basket weaving groups in the area are an 
important cultural activity deepening inter-
generational relationships and knowledge 
systems, which further sustain CES. One 
respondent illustrates the social and cultural 
health benefits of CES:

These guys [the basket weaving group] 
were like my family, even though being 
a kid and teenager or whatever, going 
through all that crap, it was like no 
matter what mood I was in, no matter 
what dumb stuff I was doing or what-
ever, they always were there for me, like 
family. They would just build you up, 
make you feel good. That’s what they do 
to this day. We all do that to each other 
or even pick on each other, like, “What 
in the hell are you making?” or “Your 
sticks are too big, you’re making a bird 
basket, that’s not a tray.” It’s love. This is 

my family. (Interview #67, 12/8/2015)

Lastly, ICES provide benefits related to an 
array of “capabilities,” including physical 
and mental health, food security, social 
systems and bonds, and Indigenous Knowl-
edge systems, that support the human 
condition and “know-how” to continue 
carrying out cultural practices. As this quote 
demonstrates, gathering provides much 
more than food.

Just yesterday, my sister and I and two of 
my daughters and their kids all went out 
gathering acorns with a family friend 
on her property. It was funny because 
my daughter, she was down there with 
me too and she said her husband asked 
her, “Why do you got to go clear up 
Hoopa to get acorns? We got acorns 
right here.” She said, “Because it’s just 
not the same gathering by yourself.” 
It’s a family thing, which is really nice. 
(Interview #13, 10/5/2015)

Discussion
Climate change has negatively im- 

pacted ICES (environmental spaces and 
cultural practices) in the KRB, diminishing 
plant and animal health, shifting plant repro-
duction cycles, influencing water quality, 
temperature, and availability, and altering 
the timing of hunting, gathering, and burn-
ing. These changes ultimately affect ICES 
benefits by a) changing Indigenous people’s 
ability to carry out cultural stewardship 
practices and b) changing the timing, loca-
tion, availability, and health of cultural 
resources (or the ability to utilize them 
at all). Our data reflect not only the chal-
lenges posed by climate change but also by 
the laws, policies, and values in the region 
that negatively impact forest structure and 
health, and the potential for ICES to miti-
gate the impacts of those challenges. The 
added policy and governance dimension 
to our ICES framework shows how manage-
ment decisions in the KRB have historically 
privileged Euro-American settler colonial  
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values, emphasizing more extractive “provi- 
sioning” ES (logging, mining, fire suppres-
sion) and Euro-centric conceptualizations 
of CES (aesthetic, recreation, hiking) (see 
Hurwitz 2014; Sarna-Wojcicki et al. 2019) 
over Indigenous values that center stew-
ardship, responsibility, and reciprocity. 
As climate change intensifies catastrophic 
wildfire in the KRB, existing laws and poli-
cies continue to exclude Native people 
from applying low-intensity cultural fires in 
their territories. Indeed, such management 
techniques reduce the risk of high-intensity 
fire and enhance the productivity and 
health of ecosystems and people (Lake 
et al. 2017). Exclusion of cultural fire 
management has reduced ICES benefits, 
including the health and productivity of 
cultural use species (Marks-Block et al. 
2019). For example, weaving materials, 
like beargrass (Xerophyllum tenax), hazel, 
and willow, require frequent management 
with fire to generate quality material for 
weaving (Hart-Fredeluces et al. 2020; Lake 
2007; Marks-Block et al. 2019). Weaving 
supports community well-being and helps 
maintain Tribal identity, with baskets used 
for a wide range of cultural activities (Smith 
2016). Losing access to quality materials as 
a “provisioning” service would negatively 
impact many ICES benefits, including, but 
not limited to, a sense of belonging, cultural 
knowledge, social bonds, and cultural 
health.

Tribes of the KRB have adapted and 
responded to the effects of climate for 
millennia (Karuk Tribe 2019), clearly 
possessing an unequivocal connection to 
place and temporal knowledge of envi-
ronmental change that is unparalleled in 
academic studies. Indigenous Knowledge 
and, in particular, Indigenous phenological 
knowledge, can inform climate mitigation 
and adaptive management strategies (Arma-
tas et al. 2016). Authors have observed the 
resilient and adaptive capacity of diverse 
familial gathering and stewardship practices 
that ensure the continuity of household and 
ceremonial consumption of acorn soup, 

roasted fish or game, and berries. This 
heterogeneity of cultural landscape practice 
and consumption of culturally significant 
foods promotes a plethora of ICES benefits 
and community resilience. More formalized 
applications of IK in landscape manage-
ment and climate mitigation have formed 
in collaborations among Tribal, federal, and 
non-profit agencies; for example, the West-
ern Klamath Restoration Partnership in the 
KRB (Lake et al. 2018; Lynn et al. 2013). 
The recent success of cultural fire stew-
ardship programs in Australia demonstrate 
how ICES can garner much-needed finan-
cial and political support for Indigenous-led 
fire programs to conduct traditional burning 
across large-scale landscapes (~90 million 
acres) (Firesticks Alliance Indigenous Corpo-
ration 2020). Calls for similar programs in 
the KRB and western United States are gain-
ing momentum in climate adaption plans, 
and such programs are strongly desired by 
Tribes. As the Karuk Department of Natu-
ral Resources director, Bill Tripp, stated in 
September 2020, “We know the solution is 
to burn like our Indigenous ancestors have 
done for millennia.”

Indigenous Concepts in ES Models
Indigenous People are active stewards, 

not peripheral components, of ecosystems, 
giving, enhancing, and reciprocally receiv-
ing ES. The ICES model presented and 
applied in this study illuminates Indigenous 
cultural resource use and stewardship in 
the context of climate change that compa-
rable studies have failed to capture. While 
Comberti et al. (2015), Fish et al. (2016), 
Winthrop (2014), and Sangha et al. (2015) 
laid the foundation to realize mutual 
social-ecological relations in ES models, we 
extend these baseline concepts to account 
for the influence of climate change impacts 
and policy and governance on ES and the 
mitigation potential of cultural practices. 
Our model uniquely illustrates how CES not 
only benefit humans but broadly influence 
ES and ecosystem functioning. Indigenous 
Knowledge systems and stewardship of 
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ancestral territories through cultural burn-
ing, for example, reduces the likelihood 
of pest infestations (regulating service) 
(Halpern 2016), and enhances the health 
and productivity of culturally important 
foods, fibers, and medicines (provision-
ing service) (Marks-Block et al. 2019). 
It also promotes new vegetative growth 
that serves as forage for game (supporting 
service) (Long et al. 2008), and reduces 
the likelihood of catastrophic fires (regu-
lating service) (Lake 2013). Enabling these 
practices through appropriate laws and 
policies would enhance the regulating, 
provisioning, and supporting services for 
both human and nonhuman elements of 
the natural world, ultimately strengthening 
the socio-ecological resilience of the KRB. 
Our ICES model advances conceptualiza-
tions and application of ES models beyond 
Euro-centric framings, and also deepens 
our understanding of how climate change 
and policy and governance influences 
human-biological relationships. We envi-
sion our model being used by communities 
and researchers alike to understand how 
ICES and ICES benefits can sustainably be 
supported.

CES are Tangible and Measurable
Contrary to the common definition of 

CES (e.g., non-material benefits obtained 
from ecosystems [Millennium Ecosystem 
Assessment 2003]), our results suggest that 
many CES are also tangible and easily iden-
tified by those that benefit from and depend 
on those services. Participants in our study 
identified CES benefits they observed in 
their life, family, and community, includ-
ing improved mental and physical health, 
enhanced food security, quality medicines 
and basketry materials, and healthy habitats 
that support diversity of plant and animal 
species. As in Fish et al. (2016), these bene-
fits are broadly recognized as capabilities, 
which we describe as continuing cultural 
practices and connection with environmen-
tal spaces and others through social bonding, 
identity as Indigenous people within a 

specific place-based community guided by 
a set of cultural values and responsibilities, 
and experiences of inspiration or intercon-
nectivity on the landscape and in organized 
community groups engaged in gathering, 
stewardship, or weaving (Figure 2). Sower-
wine et al. (2019b) demonstrated that 
benefits derived from CES, including close 
family ties, intergenerational knowledge 
sharing, and reciprocity within families or 
communities, positively influenced house-
hold food security and well-being in Native 
households in the KRB, highlighting tangi-
ble contributions CES make to human 
wellbeing. Ecological studies conducted 
with Tribal partners demonstrate regulat-
ing and supporting benefits from cultural 
management practices (Marks-Block et al. 
2021). Such measurable indicators can be 
used to evaluate the benefits (sustained or 
deteriorated in changing climates) of CES to 
people and ecosystems. 

Gathering as a Cultural Ecosystem Service
Within the field of ES, the acquisition 

of food from the environment is consid-
ered a utilitarian provisioning ES, in which 
the former provides the raw materials and 
cultural goods for consumption and utiliza-
tion. In our model, provisioning services are 
ICES, inclusive of the cultural meaning and 
significance of goods and related cultural 
practices, and the culturally relevant ways 
in which they are sourced and utilized. 
Kawamura (2004) similarly found that the 
practice of gathering culturally important 
food plants today for the Nez Perce Tribe in 
Idaho often holds more social and cultural 
significance than the physical product itself. 
A more holistic view of ecosystems and the 
services derived from and benefiting them 
includes the whole suite of both tangible 
and intangible values and cultural services 
associated with gathering plants. 

Because culturally important foods 
obtained through gathering are not solely 
important for their nutritional benefit, 
rather than being considered a “cultural 
good” (as in Fish et al. 2016), they should 
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traditions related to the management of 
their cultural plant species and habitats, we 
recommend community-engaged partic-
ipatory approaches to both identify and 
assess threats to ICES, as well as to opera-
tionalize ICES through management, policy, 
and practice to improve social-ecological 
resilience and wellbeing. ICES frameworks 
will likely be more successful if designed by 
and for Indigenous communities and imple-
mented through Indigenous-led initiatives 
that affirm Tribal sovereignty. Inclusion of 
community-defined ICES in climate adap-
tation and cultural ecosystem restoration 
initiatives in Indigenous lands can support 
Tribal sovereignty in management, plan-
ning, and decision-making processes by 
establishing oversight protocols to ensure 
that ICES frameworks appropriately reflect 
IK and cultural values and protect any 
sensitive cultural information (Karuk Tribe 
2019). Authentic engagement with Indige-
nous communities is needed to ensure full 
consideration of the place-based knowl-
edges and cultural ecosystem practices and 
range of potential services and benefits that 
can result in more informed, inclusive, and 
effective governance and climate adapta-
tion initiatives within Indigenous ancestral 
homelands. 
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be considered as “cultural ecosystem bene-
fits.” Considering them as “cultural goods” 
implies potential for commodification or  
monetization but, under our framework, 
burning, gathering, hunting, and fishing  
are considered CES, and the foods de- 
rived from those practices are “cultural 
ecosystem benefits” rather than “goods.” 
Culturally important foods contribute not  
only to enhanced food security and nu- 
tritional health, but also toward strengthen-
ing cultural identity, a sense of belonging, 
connection to place, and stronger social 
and familiar relations (Lake 2018). 

Conclusion
This paper developed and tested a 

novel ES conceptual model to demonstrate 
the relevance and importance of Indigenous 
CES to both general ES theory and practice, 
as well as to specific applications in climate 
change monitoring, mitigation, and adapta-
tion in Indigenous territories. Among Karuk, 
Yurok, and Klamath Tribal communities in 
the KRB, a rich body of IK about culturally 
important foods, fibers, and medicines illus-
trates how ICES, in the context of gathering, 
are being affected by climate change. ICES 
benefits make vital contributions to Tribal 
wellbeing, which rely on Indigenous cultural 
practices on the landscape (CES), including 
hunting, gathering, fishing, stewardship and 
management, knowledge systems, and reci-
procity, all of which contribute to human 
and ecosystem health. Given the high rates 
of food insecurity, poverty, and diet-related 
disease in Indigenous communities, cultural 
ES that contribute in very tangible ways to 
health, wellbeing, and nutrition are import-
ant to consider in food systems and forest 
management policy and programing given 
the Federal Government’s Trust responsi-
bilities for health, education, and resource 
protection for Native people (Baer 1987; 
Warne and Frizzell 2014; Wood 2003). As 
each Indigenous community and landscape 
will have unique histories, legal and regula-
tory structures, people-plant relationships, 
cultural values, knowledge practices, and 
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