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Climate change has been observed for hundreds of years by the plant specialists of
three Odawa Tribes in the Upper Great Lakes along Lake Michigan. Sleeping Bear
Dunes National Lakeshore (SLBE) is the focus of two National Park Service (NPS)
studies of Odawa Traditional Ecological Knowledge (TEK) of plants, ecosystems,
and climate change. Data collected during these studies contributed to developing
Plant Gathering Agreements between tribes and parks. This analysis derived
from 95 ethnographic interviews conducted by University of Arizona (UofA)
anthropologists in partnership with expert elders appointed by tribes. Odawa
elders recognized in the park 288 plants and five habitats of traditional and
contemporary concern. Tribal elders explained that 115 of these traditional plants
and all five habitats are known from multigenerational eyewitness accounts to
have been impacted by climate change. The TEK study thus represents what
Odawa people know about the traditional environment and thus provides a
foundation for more complex government-to government relationships between
Odawa tribes and the NPS. These research findings are neither intended to test
Native TEK nor the climate findings of Western science. It should however be
pointed out that both are in general agreement about what has happened due
to climate change and thus there is now a TEK data base for co-stewardship.

KEYWORDS

traditional ecological knowledge, climate change, Odawa Indians, native Americans,
National Parks, Michigan, (Min.5-Max.8)

1. Introduction

Climate change is a global issue. The United Nations passed a resolution fifty years ago
specifying the steps needed to recognize and address threats to the global population and the
planet. Since then, many additional U.N. recommendations have been issued, including the
Paris Agreement for climate change, and the UNESCO agreement on heritage conservation,
and the 2023 COP agreements. This essay contributes to ongoing discussions occurring
worldwide as part of the United Nations Agenda for 2030, which calls for new Goals for
Sustainable Development (GSD) to protect the planet by promoting sustainability in food
production and consumption and mitigating climate change by informing both policies
and practice.
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Traditional people who are at the center of this analysis
have developed over hundreds of years complex understandings
about and adaptations to many aspects of their homeland
biogeography (Whittaker, 1998). Anthropologists understand
cultures by analyzing specific adaptations that are functionally
clustered in what is called trait or activity complexes (Gatewood,
2000). These in turn are understood as functionally interrelated
components of cultural landscapes (Stoffle et al., 1997, 2023;
UNESCO, 2007)and heritage ecosystems (Holleland et al., 2017;
UNESCO, 2020). Both conceptual and analytical units have marine
and land dimensions that are functionally interrelated. Holistic
understandings of climate change impacts on traditional people
therefore require nested analytical frames ranging from trait-to-
trait complexes. Generally, trait complexes correspond with small
but functionally integrated portions of ecosystems, sometimes called
patches which are similar to the habitats analyzed in these NPS
ethnographic studies.

Although all of the world’s population will be affected by climate
change, people who have long place-based histories, complex
environmental co-adaptations, and cultural memories of resource
changes have a special role in understanding potential future
climate adaptations. Paerregaard (2020) research on climate change
awareness among highland Peruvian communicates concludes that
climate change research is a post-normal science that not only must
engage a range of scholarly traditions and methods but also listen
to the voices of the people who are affected by climate change.

As fluctuations in precipitation and temperatures are combined
with more frequent and extreme weather events most ecosystems
will be altered (Glassberg, 2014). Charles Darwin maintained that
while species would be forced to adapt to new situations, the
fundamental parameters of ecology would remain the same.Fox
(2007, p. 823-825), however, suggests that the concept of a No-
Analog Future best describes ecological conditions where species
and natural conditions are reshuffled into novel combinations
that were unknown in the past. Thus, while some human co-
adaptations with the environment may no longer be of use in
the future, some adaptations, especially protocols for adapting
and the philosophy of co-adaption itself may provide models
for future peoples (Stoffle et al, 2015a). In a summary of new
research on the topic, Wheeler et al. (2020) and 23 co-authors
concluded that creating opportunities for a more equitable and
substantive role for traditional ecological knowledge in building
an evidence and knowledge base for research and decision-
making can create benefits for Indigenous communities, scientists,
and decision-makers.

Anthropological approaches to climate research assume that
traditional adaptive responses to past climate changes can be
present in contemporary Native American TEK and potentially
are useful for present and future adaptations (Vogesser et al,
2013; Malcomson et al.,, 2014). Contemporary American Indian
cultures derived in part from ancient complex human and
nature relationships, which made their resources and ways
of life highly resilient (Trusler and Johnson, 2008). Indian
peoples thus have multi-generational histories of learning about,
interacting with, and co-adapting to changes in their environments
(Turner, 2016). Oftentimes, they have been able to cope with
environmental uncertainty, variability, and change (Wildcat,
2013, p. 509). Indian peoples traditionally developed sophisticated
in these human-environment

connections and investments
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relationships (Lynn et al., 2013, p. 553; Vinyeta and Lynn, 2013;
Lopez-Maldonado, 2014) including deep spiritual ties with nature
(Stofile et al., 2003).

Native American co-adaptations with their North American
environment are like ones documented among aboriginal peoples
elsewhere. Howitt (2020), for example, describes the struggle
of Australian peoples as they both grapple with the colonial
society and subsequent climate changes. Like the Odawa, Native
people in Australia argue that their environmental knowledge
is a science based on longer time periods and spatially wider
ecological understandings.

The Odawa people have resided in northern Michigan for about
600 years (Cleland, 1992; Patty, 2001); before that they lived along
the St. Lawrence River near the Atlantic Ocean. For much of this
time they dominated trade in the Great Lakes, often traveling
for months and a thousand miles in great canoes made from
birch bark covering a hard wood frame (Warren, 1984; Tanner,
1987). They could navigate by the stars at night and for medicine
used seven culturally different kinds of water from boiling springs
to waterfalls. They mined and traded copper from the Upper
Peninsula of Michigan, they made warm homes covered with reed
mats, and they defeated their enemies because they were better
dreamers. Odawa people developed a complex Native science of
their environment (Clifton et al., 1986); and they love(ed) wild
rice manoomin.

According to the Grand Traverse Bay Band of Ottawa and
Chippewa Indians web site (Grand Travere Bay Band of Odawa and
Chippewa Indians, 2020):

We are the people of the Three Fires Confederacy, the
Odawa (Ottawa) the Ojibwa (Chippewa) and Bodowadomi
(Pottawatomi) people. Our oral history traces us back to the
Eastern Coast of Turtle Island where our spiritual leaders told
us that we should travel to the west until we found the food
growing on the water. Our people traveled until we found wild
rice growing on the water and we knew we were home.

According to elders interviewed by a group of youth at Little
Traverse Bay Bands of Odawa Indians (Little Traverse Bay Band of
Odawa Indians, 2020, p. 8).

Our history teaches us that in ancient times we lived far to
the east along the Ottawa River, which is a tributary to the St.
Lawrence River and Atlantic Ocean. We slowly moved toward
the west, finally arriving at the Great Lakes where we lived upon
Ottawa Island in northern Lake Huron, now called Manitoulin
Island. That is also the place where we split into three major
groups that eventually became known as the Ojibwe, Odawa,
and Potowatomi. All three of these groups refer to themselves
as Anishinawbek who proudly represent our culture. With
these values we will move the tribes forward.

The Odawa people were among the few Native American
cultural and linguistic groups who were not relocated by the
United States (U.S.) to new lands west of the Mississippi and
Missouri Rivers (Cleland, 1992). The Ottawa Tribe of Oklahoma,
however, is composed of people relocated from what is now the
Detroit area due to the Treaty of 1833. Critical decisions made by
their leaders were the reasons most of the Odawa people were not
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relocated beyond the Mississippi, as dozens of other Indian cultural
groups. Odawa people were spared the long walk to a place they
did not know because the religious and political leaders of various
local Odawa groups decided to formally and publicly relinquish
official symbols of leadership and religion (Karamanski, 2012).
This occurred during a ceremony where the religious bundles and
symbols of leadership were burned, and the Odawa people agreed
to relinquish their more obvious traditional ways of life and become
peaceful neighbors with the U.S. settlers who had moved into
preexisting Indian communities, farms, and hunting areas. The
neighbors would eventually support the Odawa requests not to be
relocated and the federal government agreed on the condition that
the Odawa sign treaties of extinction.

The Odawa people living near Sleeping Bear Dunes in upper
Michigan have continued to live in their traditional lands although
they have moved away from many places they once occupied.
Under extreme pressure from the U.S. government and facing
relocation, the Odawa adapted to this new social situation. The
transition from Odawa ownership and social domination in the
Upper Great Lakes to one of U.S. citizens was largely accomplished
by a series of forced Treaties (1836, 1837, 1855) that formally
terminated most of their rights as sovereign tribes. Remaining were
rights to hunt in the extensive forests and fish in the many lakes
and streams. Ownership of home sites and farms was problematic
and occasionally whole villages would be burned out to remove
the Odawa citizens from their farms and land (Stoffle et al., 2015b,
p- 24).

From the early 1,800s until modern times the Odawa people
“blended” into local Euroamerican society adopting common
dress patterns, going to schools and churches, and generally
becoming just another citizen of the U.S. They lived sub-rosa;
out of sight and away from controversy, working for wages in
sawmills and fish packing houses, and often living in corporate
worker housing. Retaining key aspects of traditional culture became
an art practiced away from their fellow U.S. citizens. They did
not have to hide some cultural practices. They continued to
make generally useful forest-based objects such as hard wood
baskets and sugar molasses from the trees. Other objects such
as the water-drum used in ceremony would be hidden, as
were the events themselves. Most medicine would be kept at
home, but a few cures would be shared with neighbors. Fish
would be caught, consumed in households, sold, and shared
with neighbors.

The Odawa would neither be recognized as tribes nor have
reservations, even though certain of their rights and their cultural
recognition were written into the treaties. They would live at
the edge of Euroamerican society for more than 150 years, at
which time U.S. national relationships with Native American
people shifted to neutral and then began to be more balanced
and positive. Some Odawa bands sought federal recognition under
the Indian Reorganization Act in 1934 and again in 1943 but
these efforts were denied. In 1980, the Grand Traverse Band
of Ottawa and Chippewa Indians was officially recognized as a
tribe by the federal government. The Little Traverse Bay Band of
Ottawa Indians and the Little River Band of Ottawa Indians were
recognized in September of 1994 by President Clinton (Senate Bill
1367). The Odawa word for reservation is shkwaanagan, meaning
leftovers. The new reservations were indeed leftovers of a once vast
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territory that had supported numerically large Odawa populations
(McClurken, 2009, p. 53).

Odawa TEK was passed from generation to generation despite
living in a society that neither recognized nor approved of their
culture. Specific patterns of this continuity are documented later
in this article.

Beginning in 1869 and culminating in 1890 after the Ghost
Dance movement was suppressed, the Federal government passed
laws against the practice of Native American religion (Wegner,
2011). This federal assimilationist ideology condemned indigenous
ceremonies as immoral and degrading and key in indigenous
tribal systems that must be destroyed if Indians were ever to
be civilized (Wegner, 2011, p. 854). Odawa elders who were
observed conducting ceremonies—especially those involving the
sacred water drums—were arrested, placed in jail, and the drums
destroyed. Tribal members began to hide the remaining water
drums in the living sand dunes called Sleeping Bear, who were
thought to protect the drums, the ceremonies, sacred plants, and
the people themselves. The sand dunes continued to retain their
sacred purposes, but increasingly became a region of refugee where
traditional activities could be practiced sub-rosa.

2. Background

The National Park Service (NPS) and three Odawa Tribes
in northern Michigan combined to better understand tribal
Traditional Ecological Knowledge (TEK) related to environmental
indicators of climate change. The expressed goal of the research was
to provide field-based understandings of tribal climate TEK to be
added to that of the western climate scientists in the NPS and upper
Great Lakes region to have a foundation for what is today called
co-stewardship (National Park Service, 2023). To understand this
goal, see Policy Memorandum 22-03, United States Department of
the Interior, National Park Service which was sent to the National
Leadership Council Superintendents (National Park Service, 2023).
That memorandum, sent by the NPS Director, is about the fulfilling
the NPS Trust Responsibility to Indian Tribes, Alaska Natives, and
Native Hawaiians in the Stewardship of Federal Lands and Waters.
This Policy Memorandum sets forth guidance on how the NPS will
implement Secretary’s Order No. 3403, Joint Secretarial Order on
Fulfilling the Trust Responsibility to Indian Tribes in the Stewardship
of Federal Lands and Waters, issued on November 15, 2021, by then
Secretary of the Interior Deb Haaland and Secretary of Agriculture
Thomas Vilsack. The term co-stewardship is used throughout to
describe a new government-to-government relationship between
US tribes and the NPS.

The current study was conducted during the process of
increased federal commitment to more intensively involving
tribes in the co-management (now called co-stewardship) of NPS
resources located on park lands. Commonly understood and
officially reviewed (by tribe and park) data bases are essential
for co-stewardship so this was the primary goal of the current
study. To accomplish this goal, tribal representatives participated
in information sharing visits that occurred at several locations in
Sleeping Bear Dunes National Lakeshore (SLBE) (Figures 1, 2).

NPS funded anthropologists at the University of Arizona
(UofA) to conduct the 2014 study of Odawa understanding of
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FIGURE 1
Study areas in sleeping bear dunes national lakeshore.

FIGURE 2
Sleeping bear dunes and lake Michigan.

climate change based on generational observations. This was to
be the first climate change study of its kind conducted in the
lower 48 states (Stoffle et al., 2015b). In 1998, the NPS funded a
multiple park ethnographic study of Odawa cultural adaptations
to the natural environment, but the issue of climate change was
not specifically identified. That field-based study involved Odawa
ecological interviews conducted in SLBE and four other NPS park
in the Great Lakes region (Stoffle et al., 2001). Findings from
the 1998 and 2014 studies are combined for the first time in
this analysis.

Frontiersin Climate

In Sleeping Bear Dunes, the Odawa tribal representatives
identified a total of 288 traditional use plants and five unique
habitats that are culturally special to the Odawa people. Of
these, 115 plants and all five habitats were perceived through
eyewitness accounts by the Odawa representatives and before them
by generations of their tribal members. So, the identified climate
impacts have been watched and responded to for generations of
Odawa people.

A common purpose of the 1998 and 2014 studies was to
document TEK categories of plants and their ecosystems. The
gathering of plant data in 2014 was guided by NPS expectations
regarding the kinds of TEK that would be required so a park and a
tribe could prepare an ethnobotanical document for establishing a
Plant Gathering Agreement under “Gathering of Certain Plants or
Plant Parts by Federally Recognized Indian Tribes for Traditional
Purposes” rule 36 CFR Part 2 (Code of Federal Regulations, title 32,
Sec.2.6.2016). This purpose was achieved, and the study 2014 study
was referenced as a model “that NPS and tribal governments can
draw upon to conduct further research to ensure that traditional
tribal gathering and removal does not have a significant adverse
impact...” in the published Final Rule (Federal Register Vol. 81 No.
133, July 12, 2016: p. 45026). The recommendation is highlighted
in Appendix A.

These two ethnographic studies contributed to developing
mutual understandings in the form of a shared ecology and plant
data base regarding how Odawa TEK potentially can contribute
to the park management of plants and ecosystems. As the first
formal government-to-government consultations between the park
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and the tribes, these studies provided a foundation for future
consultations and co-stewardship. The findings were approved by
tribal governments for public use by the NPS in interpretation and
management at Sleeping Bear Dunes.

3. Methods

This is a participatory research study whose methods were
guided by more than 40 years of ethnobotany research with Native
American people conducted by the senior author (Stoffle et al,
1990, 1999, 2023; Halmo et al., 1993). Ethnobotany studies have
become increasingly participatory as tribal people have asked for
and been included in the design, analysis, and implementation
of research findings. The study methods have been developed
over decades with input from both participating tribes and federal
agencies. The studies are both replicable and have high confidence
levels because of intensive and multi/level reviews.

NPS consultation studies are designed to afford people the
opportunity to structure the study itself, review analysis of findings,
make corrections and additions, write portions of the study,
and review and approve the report at the tribal representative
and tribal government levels. Various terms are used to describe
research that is methodologically structured so the people whose
culture is the focus of the study have a clear voice in both
the process of report production and approval. Some of the
more common terms are (1) participatory ethnographic research,
(2) collaborative ethnographic research partnerships (3) engaged
ethnography, (4) participatory natural resource studies, and (5)
indigenous knowledge inquiries. Taken together these new kinds
of consultation methodologies give greater voice and agency to the
people under study.

Participative research involves Native American tribes and NPS
personnel both of whom influenced the focus and design of the
research (Joosse et al., 2020, p. 6-8). Participating in this study
are three Odawa (Anishinaabeg) tribes (1) Grand Traverse Band
of Ottawa and Chippewa Indians, (2) Little Traverse Bay Band of
Odawa Indians, and (3) Little River Band of Ottawa Indians. These
Native American tribes officially are connected to park lands which
they traditionally occupied before the park was established. As such,
they are considered by the NPS to be culturally affiliated with the
park. The three tribes were also chosen by the park to participate
in the study because they occupy their own reservation lands near
the park and thus have firsthand knowledge of ecological changes
in the immediate area. Each tribe identified their own cultural
representatives to represent their knowledge of climate change.
Multiple field site investigations contained these participating tribal
representatives adding up to ~350 h of ethnographic interviews.

A total of five habitats were analyzed because they represent
the range of ecosystems (patches) found throughout the park and
contain as many species as possible. The study was described in
orientation meetings between tribal representatives and the park
leadership. Based on their understanding of the study’s purpose
and their first-hand experiences in the park, tribal elders and park
natural resource experts selected habitats (patches) as sample units
in the park. It was especially important to study places containing
traditional Odawa plant gathering areas that they have visited
for generations.
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SLBE data used in this analysis were collected during 95
information-sharing events in these two ethnographic studies.
Information sharing events is a term of practice in the NPS that
reflects a participatory research model where Native representatives
and the park scientists identified how, when, and where to share
cultural information. Fifteen sharing events were conducted during
the 1998 study (Stoffle et al., 2001) and 80 sharing events were
conducted during the 2014 study.

Discussion topics reflected the resource use and management
interests of SLBE, the NPS regional office for Interior Regions 3, 4,
and 5 (formerly the Midwest Regional Office), and the three Odawa
tribes. A research team from the UofA combined these interests
and previous interview forms to develop a study design. These
people and agencies came together in a process where all parties
understood and agreed to the topics to be studied, where these
studies should occur, how to develop protocols for dealing with
public and confidential cultural data, and what is an appropriate
report presentation format.

Various kinds of data are needed to prepare an ethnobotanical
baseline that can be used in future management and interpretation
discussions between a tribe and a park. The 2014 study developed
two data collection forms that guided all data sharing events to
address issues such as: (1) which species are both traditionally
used and currently important, (2) for what purposes are plants
used, (3) does gender influence who collects plants, (4) during
what season are plants collected, and (5) what quantity of each
plant is typically collected per trip. These and other topics such
as traditional conservation practices were perceived to be useful
when a park and a tribe begin to develop the ethnobotanical base
for a possible Plant Gathering Agreement under “Gathering of
Certain Plants or Plant Parts by Federally Recognized Indian Tribes
for Traditional Purposes” rule (36 CFR Part 2, Code of Federal
Regulations, title 32, Sec. 2.6. 2016) (Appendix A).

Two types of data recording instruments were developed (1)
the Site Form regarding the ecological complexity of specific places
in the park and (2) the Plant List Form where information about
plants observed or known to occur at a specific location were
recorded (Appendix B). The Site Form included topics such as (a)
name: Odawa name or names for the place, (b) geology: what is
unique about the geology of the place, (c) ecology: information
about the plants as they live together and interact with the special
geological features of the place, and (d) cultural uses: any special
historic events that have occurred at this location. The Plant List
form was designed to inform the NPS Plant Gathering Agreement
requirements (Figures 3A, 3B). Plants were initially identified as
being in SLBE and traditionally used. Many of these came from
the historical and ethnographic literature about the Odawa people.
This list formed the basis of the SLBE data form. which had these
as rows and Plant Gathering questions as columns. When plants
were identified in the field as being of contemporary interest to the
Odawa people, they were marked on the form along with answers
to other questions.

These instruments recorded tribal representatives’ TEK and
assessments while visiting study areas. Copies of all procedures
for data recordings, written questions, and tape recorders were
presented to tribal representatives at their field orientation. No
questions were raised as to the appropriateness of these discussion
points or how the study-specific conversations would be recorded.
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SLBE Native Plant Use and Resource Availability Checklist
Site: Tape#:
Interviewer Initials: Date:
Tribal Member Name: Age:
Tribe: Gender:
I Indentified Plant Resources at SLBE Contemporary Use Season Collected | Amat.| Who [ ;.
= s e of Change
(Common Name Genus Species Food | Craft Other| SPR | SUM |FALL|WNTR| /visit | Coll
1}Balsam Fir Tree | Abies balsamea
2|Box Elder | Acer negund,
3E:ped Maple | Acer pensylvanicum
4 Maple L Acer rubrum
5|Silver Maple | Acer saccharinum
6]Sugar Maple | Acer saccharum
7iMountain Maple | Acer spicatum
8]Wooly Yarrow | Achillea fanutosa
9 Yamow | Achillea millefolium
10]Sweet Flag | Acorus calamus
1 1FX'hite Baneberry | Actaea alba
12|Red Baneberry | Actaea rubra
13| Agrimony | Agrimonia gryposepala
14]Nodding Wild Onion | Allium cermuum
15|Wild Onion L Allium stellatum
16]Wild Leek | Allium tricoccum
17|Alder | Alnus glutinosa
18] Speckled Alder | Alnus rugosa
19]Tag Alder | Alnus serrulata
20|Death Angel Mushroom | Amanita bisporigera
21jRed Top Mushroom | Amanita muscaria
22}Vomit Mushroom | Amanita vera
23| White Skull Mushroom | Amanita virosa
24]Duneberry | Amelanchier sp.
25]Shadbush Duneberry | Amelanchier canadensis
26|Smooth Duneberry dmelanchier lagvis
FIGURE 3A
Native plant use and resource availability checklist.

Tribal participants were assured that they could address new
discussion points during field sessions.

4. Analysis and key findings

The UofA research team transcribed tapes, analyzed data
on interview forms, and filled out Excel Tables such as the
one illustrated in Figure 3. A draft report of findings was
submitted to all participating tribal representatives and to their
cultural/environmental departments. When the findings were
understood and agreed to the draft report was submitted to
the Sleeping Bear Dune administration. The final report was
subsequently approved, and this article contains a summary of key
points from that report.

There was general agreement among the three tribes
regarding TEK findings about Native observed climate change
and its impacts on culturally significant plants and ecosystems.
The study documented 288 traditional Odawa use plants
and climate effects on five habitats located in SLBE. The
categories of information about these plants and how they
would be gathered and how much would be collected are
needed for a Plant Gathering Agreement under the NPS Plant
Gathering Rule.
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Odawa perceptions of climate change were often poignant,
reflecting noticeable shifts in species and distribution occurring
at both small and large spatial and temporal scales. These are
illustrated by changes to trees and spring greens, streams and
lakes, and fish and birds. Odawa representatives focused on climate
change impacts on culturally central plants like maples, changing
lake and stream levels due to new weather patterns, and the rise
of insects that bore and kill trees. Global warming causes extremes
in weather, hot one year and cold another, record snow levels
followed by little snow for years, and lake levels that fall but then
rise beyond experience.

Odawa representatives expressed concerns that habitats, not
just individual plant species, are experiencing the impacts of
extreme climate events such as warming, cooling, drying, storms,
and shifting seasonal weather. The natural vegetation of the Upper
Great Lakes region is composed mostly of forests, with pine
dominating in north-central and northwestern Michigan. Other
habitats include marshes, bogs, swamps, and small isolated prairies
(Yarnell, 1964, p. 4).

Figure 4 divides the SLBE ecology into five types of habitats
that were perceived by tribal representatives to be both culturally
important to Odawa people and threatened by climate change.
These habitats included: (1) Upland Forest; (2) Marsh, Swale, and
Wetland; (3) Mesic Sand Prairie; (4) Dune-Forest Transition Zones;
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USDA Plant Database.

Scientific Name | Acer rubrum Contemporary Use Category:
Common Name | Red Maple EMedicine
XFood
R Craft
R Construction
XOther
Description of Uses:
0d Zhiishiigimiiwanzh, -iig
SN (Meeker et al. 1993) o  Weusemaple as a medicine and food
LTBB Native Plant Initiative (2009)
¢ Food (syrup, less preferred than Sugar Maple, which has a
higher sugar content); medicine; firewood; utility (e.g.
Ecosystem Aspen Birch Forests lodge frames); artwork.
Status in Park | Present

Evidence of Change to This Plant in This Area:

R Climate Change

OLack of Traditional Use g:ﬁfﬁﬁm
ROverusing by People
; CINo Influence
XOver-Grazing or OCombinats
J ‘ombination
Over-Foraging
Seasons When this Plant is Amount Collected at One
Collected: Time:
X Spring CHandful
& Summer CBucket
X Fall CIBushel Basket
X Winter XMore

FIGURE 3B
Red maple entry from plant (Appendix).

and (5) Coastal Dunes and Beaches. Representatives described the
habitats, their contributions to Odawa culture, and how climate
change altered the habitats.

Analysis of the plant types affected by climate change are
presented in Figure 5. These categories include 115 species: (1) 62
Plants/Flowers, (2) 40 Trees, (3) six Reeds, (4) four Fungi, and (5)
three Ferns. Of the 288 traditional and contemporary use plants
identified by Odawa representatives, 40 % were observed as being
influenced by climate change.

4.1. Habitat #1: Upland forests

According to tribal representatives the habitat with the largest
number of species experiencing threats due to changing climate

Frontiersin Climate

is the upland forest, which includes a variety of hardwoods,
shrubs, mosses, fungi, and flowers. The nutrient-rich soil promotes
plant growth and allows trees to deeply attach their roots for
stability. The majority of the upland forests have extensive stands
of mature beech and sugar maple hardwoods, but also there is
hemlock, white pine, basswood, white ash, red oak, ironwood, and
black cherry species (Sleeping Bear Dunes National Lakeshore,
2022).

Odawa representatives identified 45 Upland Forest plant types
threatened by climate change (Trosper and Parotta, 2012). Study
areas at Pyramid Point, Glen Lake Sugarbush, and Platte River
Point provide evidence of changes to many upland forests. Maple
(Acer ssp.), birch (Betula ssp.), and ash (Fraxinus ssp.) were
identified as experiencing signs of decline, poor health, and other
disruptions in seasonal availability related to climate change.
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Mesic Sand Prairie- 19
plants
17% .

Coastal Dune Zones- 4 =
plants N\
3%

Upland Forest-45 plants
39%

FIGURE 4
Division by habitat threatened by climate change (N = 15).

DIVISION OF HAIBITAT OF PLANTS THREATENED BY CLIMATE CHANGE

Dune-Forest Transition
Zone- 7 plants
/ 6%

o Mash/Swale/Wetland-
/ 40 plants
35%

Maple  trees are culturally central to Odawa
people, who wused the sap in the spring for food
and medicine. Maple wood is used for crafts and

construction. The inner bark is used for medicine and
cough syrup.

The process of harvesting maple sap, also known as sugaring,
requires freezing temperatures at night with warming temperatures
during the day. If the average temperatures warm six to ten
degrees in winter, negative impacts are possible (Kling et al,
2003). The cultural specification of March as the sugaring month
may no longer be true. The Little Traverse Bay Bands produced
a book called Native Plant Initiative which observes that the
Anishnaabemowin name for maple syrup is ziinsiibaakwad and
the month of March is known as the Maple Syrup Gathering
Moon, or Ziisiibaakade Giizis (Pilette, 2009, p. 24). Odawa cultural
traditions now may be forced to shift when they hold sugaring
camps because alternate cooling and warming events are needed
to get sap flowing. The camps now have to occur in February
or April as opposed to March. Shifting the time of sugaring is
culturally important because it is a key point in the traditional
ceremonial cycle.

Wiigwaas, or paper birch, plays a vital role in Odawa culture
as well as maple. Birch bark serves in the production of crafts,
construction, canoes, and other uses (Figure 6). Much like maple
sap, a birch tree can be tapped for sap, which is used for
candies, syrup, and sugar (Great Lakes Indian Fish and Wildlife
Commission, 2018). Birch trees serve as a complimentary plant
for maple sugaring, with storage containers and baskets made
from birch barkl4 used to store sugar, sap, and syrup. Droughts
related to climate change pose a serious threat to both maple and
birch trees and therefor associated ceremonies (Kling et al., 2003).
In-line winds during thunderstorms blow down large sections
of trees.
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ETHNOBOTANICAL RESOURCE TYPE AFFECTED BY CLIMATE CHANGE
Ferns-3

_Fungi-4

Plants/Flowers- 62
Trees-40

FIGURE 5
Ethnobotanical resource types affected by climate change (N =
115).

4.1.1. Odawa comments
e They used to sugar at the end of February, March. I think this
year they didn’t do it until April, but we had a harder winter,
a longer winter, and we had the longest snow, and even our
Great Lakes froze over for the first time in a long time. We're
talking about the big waters, not the little lakes around here.
So, it got frigid here. That has had an impact on some of the
plants and the trees, so with a longer colder winter we weren’t
able to start doing maple sugar until April, in fact I think it
just got done and we're in mid-May now. So I do think, yeah,
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FIGURE 6
Paper birch growing at pyramid point SLBE.

FIGURE 9
Coastal dune at SLBE.

FIGURE 10
Lake Michigan and otter creek mouth, SLBE.

FIGURE 7
Swale in SLBE.

FIGURE 8
Talking about dune-forests at pyramid point.

obviously the climate does have an impact on our medicines

and our trees.
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e It’s not like it was in the old days, I think the nights and days

aren’t as cold as they used to be. That’s what brings that sap up
into the trees. It draws it and pushes that sap up. I used to hear
those trees snap up there in the woods because, those maple
trees, that sap would freeze and crack the trees. I used to have
to wait for the bus and hear the trees out there. It used to be
cold. I remember days when you go outside and breathe and
your breath would freeze.

e If we had maintained the low temperatures that we were
having this year for a longer duration, it would really have
knocked out the Emerald Ash Borer that would have been
great. Since we don’t maintain or can’t maintain those cold
temperatures for long periods anymore though they [Emerald
Ash Borer] are able to hang on. The Emerald Ash Borer
showed up in the early 1990’s but we didn’t know the extent
of the damage until 1997 or 1998. Now it’s too late, they
devastated the black ash stands across the state. In response to
the devastation of the black ash we've started collecting seeds
and put them in a seed bank. Maybe we can restart once this

pest passes.
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Ceremonies of all kinds especially those associated with
medicine require certain kinds of containers, tools for stirring,
and mats for placement so the ceremonies will be successful. As
climate change impacts these plants it reduces or eliminates the
performance of traditional curing ceremonies.

4.2. Habitat #2: Marshes and wetlands

Wetlands and Marshes have nutrient-rich soils that are
generally saturated and thus support an abundant growth of reeds,
shrubs, flowers, and aquatic plants. Many of the plants identified by
Odawa representatives grow in slow-moving or still waters, that are
characteristic of swamps, swales, and wetland areas (Figure 7).

Wild rice (Zizania ssp) is a key wetland resource. Although
not now available within SLBE, it is being considered for
reintroduction. A wetland habitat is a requirement for wild rice to
grow, but recently the temperatures and availability of water have
impacted where it can grow in the region. Warming winters and
changes in water level are reducing the habitat of wild rice.

Wild rice is a pillar of cultural health for the Anishinaabeg
people, and any decline in wild rice quality or availability negatively
affects their wellbeing.

Traditional Ojibway (Odawa) life elevates rice above being
for consumption or barter. Stories and legends reinforced
‘ the ceremonial uses of manoomin. Taboos and proscriptions
against eating it at certain times show the centrality of wild rice
in Ojibway culture (Vennum, 1988, p. 58).

The act of harvesting plants “encompasses the holistic aspects
of wellness and includes physical, emotional, psychological, and
spiritual realms of the individual and community” (Lynn et al,
2013, p. 548). Manoomin is this type of sacred resource. Even
sharing the legends associated with the plant are reserved for
powerful people and they only do so during special times of year
(Vennum, 1988, p. 59).

Climate change threats to wild rice can harm transmission of
cultural knowledge and learning of values. Warmer temperatures
can cause damage by reducing water levels, reducing seed
dormancy, favoring invasive and outcompeting plants, and creating
an environment more conducive to brown spot disease (Cozzetto
etal, 2013, p. 71).

4.2.1. Odawa comments

e There’s this patch where we used to get that Sweet Flag. So, my
sister and I tried to gather that last August, which is about the
time when you want to collect it, August, late July, but it was
all dried up, that spot where we always got the Sweet Flag. It
reminds me because the ground was kind of like this [at Platte
River Point], it was wet and moist, but that ground was just, it
reminded me of desert sand because it was all dried up, it was
really thriving back in 1998.
I've watched the lake level here at Lake Michigan drop. Maybe
now there are spots where water used to meet, say, within 5 or
6 feet of the road, M-22, and up until this year you could see
for 200 yards a dry, stony shoreline before you get to the water.
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I have noticed a lot hotter summers up until right now too. I
remember last year being in the 80s, mid 80s right now, about
the end of May. I mean, thats the kind of the stuff that really
comes to the forefront for me, immediately recognizable as the
winters and the summers are changing.

I would say it’s dryer there than it used to be, that’s what I think.
Last winter and this summer have been very different than the
last 15 years. The temperatures have changed, it's jumping all
over, unpredictable. That has to have an effect on the plants
that grow here, plus the acid rains that bombard them.
Climate change is drying up the wetlands. These plants really
need a high amount of moisture and water, like mesquiguish
and wiikehn.

4.3. Habitat #3: Mesic sand prairies

Mesic Sand Prairies have rich and moist soils, and are host
to a diversity of wildflowers, grasses, and low growing shrubs
like blueberry bushes. Odawa representatives identified 19 plants
in grass meadow habitats that they observed being impacted by
climate change including several types of berry bushes, mushrooms,
and many medicinal flowers. Drought, cooling temperatures, and
prolonged periods of freezing temperatures were described as
some of the main climate related changes affecting the mesic sand
prairie areas.

The park has clearings that are open mesic sand prairies, many
of which were caused by agricultural and logging in the early
20th century. Traditionally, however, such habitats were created
by selective Odawa burning. Many of the plants, like the berries,
require burning to thrive (Stoffle et al., 1998; Trusler and Johnson,
2008).

4.3.1. Odawa comments

e We've been having dryer spring seasons, because we haven’t
had that snow packed up until this past winter [2013-2014].
And... you need kind of that moist, wet spring to get a good
bounty of the morel mushroom, because if it’s really dry you’re
just not going to get it like you had before.
Wow, that is a spring morel [mushroom]! Finding it here in
September is insane!
Plants used to come up fuller and healthier in nice open areas
like this [walking up to Pyramid Point]. We only see that if it
rains hard. There is less water overall. The plants as a whole
are not growing as well as they used to.

4.4. Habitat #4: Dune-forest transition
habitat

The Dune-Forest Transition Zones (Figure 8) contains seven
plants, identified by Odawa representatives as threatened by climate
change. This habitat is defined as an open dune area that is
typically nestled within a forested landscape, with the dune sands
supporting a variety of forest types (Michigan State University
Extension, 2014). Exposed dunes are dominated by grasses and
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shrubs located on wind-deposited sand formations near the Lake
Michigan shoreline. Dune formation and the distribution of plants
are strongly affected by lake-driven winds. As the dunes stabilize
farther from the foredune, forests begin to develop. Typically, pines,
including Jack pine (Pinus banksiana), white pine (Pinus strobus),
and red pine (Pinus resinosa), are among the first to establish
(Albert, 1999, p. 3). Areas studied included Pyramid Point and near
Platte River Point.

4.4.1. Odawa comments

o A lot of trees are coming down because of wind, look at these
[trees] up here on the bluff, falling over now with roots hanging
out. We actually had droughts. For the last couple of the
years for the summer we don’t have any rain, so we've seen
less precipitation. Less water is bad for tree roots, they aren’t
holding on well, so they just blow over.

e My mom said it’s gotten a lot windier in the past 10 years. More
severe wind, especially along the lakeshore.

e Summers have changed a bit, [they are] slow to come. It’s
pretty obvious that there are climate changes happening. It
influences a lot relating to plants, like where and when you can
find them, and also what types of plants start crowding and
taking over where Native plants were previously. If it warms
up we have new plants that move up here, you know, stuff that
didn’t used to grow here.

4.5. Habitat #5: Coastal dune and beaches

According to one Odawa elder, in SLBE there are spiritual
places used for healing ceremonies, vision questing that culturally
center the Odawa people (Figure 9). Plants growing on the dunes
have special strengths and uses. The name of the Sleeping Dune
park reflects the ancient oral heritage stories of bears and the dunes.

Coastal dunes and beaches have a soil that is low in nutrients
and made up of granular silica. Sand from these dunes and
beaches blows easily and changes the contour of the land. These
habitats experience the direct impacts of inclement weather more
than other habitats because there are no large trees to provide a
canopy shelter. The plants that grow in the dune-beach habitat
have deep roots, thus they are better able to endure the harsh
environmental conditions.

Dune systems are well suited for the study of succession
and ecological change because they change rapidly. When Lake
Michigan levels are lower, the beaches and dunes are exposed
making new sand spits, sand bars, and foredunes; areas that are
rapidly colonized by beach grass.

Points where streams flow into Lake Michigan often experience
sand build up due to blowing sands that choke off or deflect the
stream flow. This is exemplified at the Otter Creek Mouth where
it occurs during different times of the year (Figure 10). Storms
and high lake levels can cause even more rapid changes in plant
communities (Michigan State University Extension, 2014). Within
one or two human generations the vegetation can change from
beach grass to shrubs and trees. Fish spawning is directly impacted
by modifications to stream flows.
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Culturally significant medicinal plants grow in the beach area
at Otter Creek Mouth and Good Harbor Beach. Here beach pea,
honeysuckle, bearberry, and pitcher’s thistle are all threatened
by climate changes including rainfall and lake levels, winds and
storms, and seasonal temperatures.

4.5.1. Odawa comments

e A lot of the plants we need grow on these dune areas, around
here [Otter Creek Mouth]. It's getting harder and harder to
find them [plants], and some plants we can only pick right
when we need them, you can’t pick them ahead of time and
if they aren’t there right when we need them, then that’s really
a crisis.

e The plant that comes to mind as really limited and hard to find
anymore is Pitcher’s Thistle [Cirisium pitcheri], if you’re going
to find it, then it should be around here, this type of dune area
[Otter Creek Mouth].

e We had some brutal storms this summer, things I've never
seen before and the older people had never seen before in their
lifetime. I live in Harbor Springs, MI and we had a giant wave
come off Lake Michigan, nothing like this has ever happened
before. It was huge, and powerful, it wiped out the city dock
and overturned the big boats, like fishing boats, and people’s
big yachts, just flipped them over. It left debris, and dirt, and
all sorts of sandy kinds of stuff around the harbor. I don’t know
what’s causing that strange type of event out on the water, but
it has to have something to do with big winds.

5. Discussion

The SLBE studies of Odawa people and their knowledge of
climate change achieved all the stated study goals. The first was to
determine what kinds of climate change data are available by talking
with contemporary Odawa tribal representatives. Among the 288
identified traditional use plants in the park, 115 were known to
have been influenced by climate change. All five habitats studied
were known in specific ways to have been influenced by climate
change. Knowledge of climate change is widely recognized by tribal
members as a part of contemporary Odawa TEK.

A second goal was to document TEK of plants, ecosystems, and
patterns of contemporary use. An ethnobotanical data collection
instrument was developed and used to record observations about
traditional and contemporary use plants that were identified in
person during field visits to the park. This form and way of
gathering data was seen as a model for collecting ethnobotanical
data and was so referenced in the NPS guidelines for establishing
a Plant Gathering Agreement between a tribe and a park (36 CFR
Part 2, Code of Federal Regulations, title 32, Sec. 2.6. 2016).

These studies also documented Odawa cultural persistence in
the face of extreme suppression and exclusion. While these studies
have only identified a portion of the contemporary knowledge of
the Odawa people who are members of these three tribes, clearly
the plant and habitat knowledge shared by tribal representatives is
impressive. To tie it closely from place to place and from plant to
plant to the process of climate change in many of its dimensions is a
special observation. At a more abstract level, these findings suggest
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the further question of how the Odawa retained TEK during the
long and painful transition from being the aboriginal occupants of
traditional homelands to being contemporary tribal members on
small reservations. Today the people of these three reservations
reach out to federal and state land and water managers to find a
renewed role in the co-management of aboriginal resources.

These SLBE studies document that Odawa people have
extensive knowledge of their traditional lands and resources and
that they are committed to working with the NPS to preserve
these for future generations. The process of knowledge transfer
from a traditional people to a federal agency, however, requires
certain understandings. The first of these is to understand how
TEK is acquired, refined, and maintained through various cultural
practices. The second is how to take ancient knowledge and apply
it to future management decisions.

5.1. Traditional science embedded in
culture

The Odawa bring an estimated 600 years of in-place learning
and adaption to shifting weather and climate conditions to
the preservation challenge posed by climate change. Their TEK
understandings are extensive, as is indicated by detailed knowledge
of (1) 288 plants, (2) the spawning of various fish species, (3) the
biology and physical ecology of five diverse habitats, and (4) the
seasonal movements of water, sand, and wind.

Berkes et al. (2000) and Berkes (2018) document that TEK
often represents observations acquired over thousands of years due
to direct contact with the environment. Day-to-day this ancient
knowledge base grows as new observations are made and then
added. It is not until a people have worked with and learned
from their environment for five generations (about 125 years)
that “they have a firm information base about the environment
and how to use the land without hurting it” (Stoffle et al., 2003,
p. 104). TEK thus includes in-depth understandings of specific
biological entities (plants, mammals, birds, insects, fish) and how
these are related to physical entities (rocks, bodies of water),
landforms (mountains, isolated hills, unusual rock formations), and
meteorological phenomena (Pierotti, 2011, p. 9).

Developing TEK generally requires generations of learning
from and co-adapting with environmental events in the same
ecosystem (Stoffle et al., 2003, p. 106). The Odawa people have
lived hundreds of years in the Sleeping Bear Dunes area. With
knowledge comes a commitment to the science methods that
previous generations used to learn and adapt; suggesting “if you
follow “our ways” you will always have food, shelter, and health,
and the environment will be in balance” (Stoffle et al., 2003, p. 106).

The Odawa have learned to be resilient to past climate changes;
however, there are new threats. If a culturally central plant species
has not grown abundantly enough to harvest, aspects of traditional
life cannot be taught to younger generations and the species is
not available for use and ceremony (Lynn et al., 2013, p. 548).
If a certain tree is not available for making a medicine basket,
then the curing ceremony cannot be accomplished even if the
medicine is available. Because knowledge involves both sacred and
secular interpretations of nature, climate change potentially can
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have a negative effect on the performance and intergenerational
transference of Odawa religion.

Climate changes also affect tribal sovereignty including treaty
rights, federal policies, and federal trust responsibilities that
support tribal access to cultural resources (Vogesser et al., 2013, p.
622). Changes to the access and availability of natural resources can
cause the “erosion of traditional practices and knowledge” (Lynn
etal, 2013, p. 548). The new NPS Plant Gathering Rule is designed
in part to mitigate this problem (36 CFR Part 2, Code of Federal
Regulations, title 32, Sec. 2.6. 2016).

5.2. Science partnerships in climate
resilience

Odawa concerns expressed in these studies illustrate the small
and large-scale impacts of changing climate. Odawa people with
plant and animal knowledge have observed increasing trends in
climate change over at least the last six hundred years. Activities like
maple sugaring no longer occur at the culturally prescribed time.
With almost 300 contemporary use plants and many habitats being
threated, Odawa people are concerned for their future and wish to
engage with SLBE managers to assure that these natural resources
will be there to support the cultural continuity of new generations.

There are various episternological divides between native science
and western science (Agrawal, 2009; Stoffle et al., 2020); a notion
used here to explain why heritage environmental communication
skills are essential for participants to understand and believe each
other (Stoffle et al., 2016; Sjolander-Lindqvist et al., 2022). How
data are acquired and interpreted by people with Native science is
important in communication. Ancient and contemporary Odawa
knowledge derives from natural observations, and these often
are expressed as spiritual understandings. If traditional people
are to help apply the lessons from their past, their knowledge
must be respected and trusted by contemporary park managers
and scientists. This does not imply that one science should
in any way replace the other but instead doubts should be
suspended, and efforts made to translate understandings into each
other’s paradigms.

The findings of the two studies used in this analysis
complement decades of research on the subject by scholars around
the world. In a 2008 panel on the topic sponsored by the American
Museum of Natural History 57 indigenous narratives were recorded
describing climate change and its impacts on indigenous peoples
and their environments (Alexander et al., 2011, p. 479). Still there
sometimes is a reluctance by land managers to accept indigenous
science observations until confirmed by western science (Brook and
MecLachlan, 2005). An analysis of journal articles and reports using
native knowledge, sometimes called Local Ecological Knowledge
(LEK), concluded that there is an increasing number of ecologists
and conservation biologists actively employing LEK and working
collaboratively with communities, which helps accumulate a critical
mass of evidence for and support of the value of local knowledge
(Brook and McLachlan, 2008).

Munshi et al. (2020, p. 573) argue that top-down western
science must be balanced with understanding of how local people
understand climate change; thus, there is a need to engage with
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the culture of the everyday lived experiences of people. Clearly
studies such as these funded by and co-produced by the NPS lay
a foundation for mutual respect and co-management.

While beyond the scope of this essay, it is important to note
some of what happens when the park and tribes began to talk about
using TEK for climate mitigation. In one brainstorming meeting
the issue was discussed regarding how TEK could inform park
decisions about the culturally and ecologically key Black Ash Tree
species that has largely died and will eventually totally die due to
the emerald Ash Borer. All these trees are expected by the tribes
and the park to die in the region, with only some continuing to
live far to the north in Canada, certainly beyond the reach and use
of either the park or the tribes. Given its critical role in Odawa
ceremony and medicine, a suggestion was made to cut down the
remain healthy trees in the park and place them in shallow lakes
for future use by the tribes. Thus, the water-preserved wood would
be available over time to Odawa people, the borers would die out
in the park, and a long-term management solution would occur.
Normally such a radical action would not be considered by the park,
but it was considered when it was mutually discussed as potentially
acceptable by them and the tribes. Another possible mitigation
would be to re/establish strategic burning of blueberry and other
patches to reduce fuel loads and stimulate culturally valued plants.
Tribes suggested traditional cultural burns. The tribes would like
to plant wild rice in the shallow park lakes and then have the
right to traditionally manage and harvest the rice under the new
Gathering Rule. Clearly there are common ecological management
issues between the park and the tribes.
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