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Jonathan Nelson (Diné), Badwinds Studio 

The TCURJ cover and logo design embodies concepts of Indigenous knowledge, community, and 
place. The design intentionally incorporates symbols to reflect the mission of the journal. Tribal 
colleges and universities (TCUs) are for the community and the research that comes from the TCU 
community is an act of strength and reclamation. 

Tree - The trunk reflects the resilience and knowledge of the community. The leaves reflect 
the community being served by TCUs. 

Land - The land reflects the place of higher education and TCUs. The land also resembles an 
open book for education. 

Sweetgrass braids - The braids acknowledge language, songs, and dances. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Cover photo by Jonathan Nelson, taken of Native Student Alliance at the University of Denver 
campus on Indigenous Peoples Day 2020. 
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WELCOME TO THE TRIBAL COLLEGE AND UNIVERSITY RESEARCH 
JOURNAL 
Cheryl Crazy Bull, President and CEO 
American Indian College Fund 

 

Mitakuyepi. 

Greetings, relatives. 

 

What a remarkable experience for TCU faculty to be able to use the traditional knowledge of 
Indigenous people to research important community-based topics and to frame their findings in a 
way that is accessible to Native scholars, students, and others interested in Native knowledge. In 
particular, the topics in this issue of the TCURJ demonstrate the diversity of topics, interpretation, 
and knowledge that exists in our communities – the timely examination of Missing and Murdered 
Indigenous Women and the connection of the meaning of non-human teachings to human 
experience.  

Why does this even matter? We have seen with the social and economic crisis resulting from the 
pandemic and the political climate have an increasingly detrimental and traumatic effect on our 
children and our families. Our knowledge as Indigenous people are what will save us so that we can 
not only survive but we can prosper in the new world that is emerging. As contemporary Indigenous 
people, we have an obligation to share teachings with each other and to use the tools available to us 
to foster that sharing. A journal such as this is one of those tools, the research featured in the journal 
helps us fulfill that obligation. 

I also think of the many ways that our teachings can contribute to more visibility and more inclusion. 
Research is a resource that can help others deepen their understanding of our people so that they 
can become better advocates and better fellow citizens.  

And knowledge of our ways of knowing and our perspectives can help other citizens in the United 
States have better lives themselves. We share a concern for safety and well-being, we want 
education to be rooted in diversity and truth, and we want to connect to nature so that we are 
grounded in place.  Place gives us identity. So, connecting the research of faculty at tribal colleges 
with the many opportunities and challenges faced by society is a path to better relationships – and 
relationships are the foundation of our identities as indigenous people. 

At the College Fund, we welcome your support of our place-based research and appreciate the 
sharing that such research can strengthen. 

 

Wopila, thank you, for reading and sharing our research. 
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Introduction  
Anna Lees, Editor 
Natalie Youngbull, Editor  
Tribal College and University Research Journal 
 
Like the previous volumes, Volume V of the Tribal College and University Research Journal (TCURJ) 
builds on a genealogy of scholarship published by the American Indian College Fund making this 
the eighth issue in the College Fund’s Tribal College and University Publication Series. However, this 
volume came together during distinctly different times. Each article still underwent external review to 
gain anonymous feedback from leaders in their field, but this work took place during dual 
pandemics of Covid-19 and racial violence and a tumultuous transition of presidential power - all 
disproportionately impacting Indigenous peoples and communities. Through this context, we 
continued forward with research dissemination during the greatest social crises in lived memory, 
which noticeably impacted our publication process. As editors, we continued working closely with 
each author to positively engage the review and revisions process toward publication. And we 
upheld our deep appreciation for the peer-reviewers who offered their time, expertise, and support 
through their thoughtful review and critical feedback of each article. For Volume V though, we did so 
while our communities suffered. As editors facilitating the development of this volume, we 
connected closely with each other to determine how such work can continue while prioritizing the 
needs and wellbeing of all involved. We talked at length about how to invite our scholarly network, 
who we care for deeply, to increase their service commitments while transitioning to work from 
home, caring for children and elders, and suffering the loss of loved ones. We struggled to 
determine how we could uphold hard timelines toward publication when each day forward held so 
many unknowns. So with each conversation at each step toward completing Volume V, we centered 
the well-being of the authors, reviewers, and each other. We moved forward in this work together in 
a good way and with the best of intentions to share the important research occurring at Tribal 
College and Universities (TCUs) across Indian Country.   

This volume of the TCURJ puts forth three timely articles that highlights efforts to engage Indigenous 
values and ways of knowing and being toward healthy, sustainable futures for human and more-
than-human relations. We open with Manasseh Begay’s research out of Diné College to put an end 
to the Missing and Murdered Indigenous Women (MMIW) crises by engaging Diné cultural thinking 
systems that promote wholeness. Begay depicts the significance of the MMIW crises as it impacts the 
women and families who have suffered, tribal nation communities collectively, and society at large. 
He offers an overview of efforts and the lack of efforts that have been made to address this crisis and 
puts forth a framework for combating MMIW through a Diné specific process. This challenging and 
important work holds implications for tribal nations across the US and Canada struggling to address 
the MMIW crises while continuing to suffer the losses. 

Looking to Indigenous knowledges to advance efforts of food sovereignty Frank Kutka, Rebecca 
Edler, Adam Schulz, Dolly Potts, Harlan Pygman, Francisco Arriaga, and Jamie Patton share out their 
inspiring work from the College of Menominee Nation and in partnership with University of 
Wisconsin Green Bay and Madison campuses. Kutka and colleagues offer insight to the traditional 
agricultural practices of Menominee peoples. Working to revive the growing practices of pre-contact 
foods, the research compares flint corn yields through the use of contemporary and traditional 
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fertilizing practices. With findings indicating that traditional methods of fertilization can positively 
impact soil well-being in the short term, we are inspired to continue learning from our Menominee 
relatives what best practices may be for long-term soil fertility and productivity. As the TCURJ seeks 
to share work occurring at TCUs that center Indigenous values and ways of knowing and being in the 
world, this research around ancestral food practices has the potential to lead us toward sustainable 
ecologies and futures for generations to come. 

Opening with story, Andrew Kozich, Carissa LaFernier, Sydni Voakes, Patrick LaPointe, and Gene 
Mensch convey the deep relationships the Anishinaabeg have with giizhik (cedar) and all lands, 
waters, and more-than-human beings. Beginning with story and relationship to frame empirical 
research around complex ecosystems, and in the case of this study the significance of riparian cedar 
swamp ecosystems, upholds Indigeneity in research methodology that we find exciting. Researching 
ecosystems with consideration of how each being comes together to sustain life-sustaining 
conditions is an incredibly powerful focus for environmental science working in reciprocal 
relationships with tribal nations. Kozich and colleagues simultaneously articulate and examine the 
interconnectedness of giizhik, stream temperatures, and maazhamegoons (brook trout) and make 
clear that a disruption to the well-being of giizhik impacts water and fish relatives. This study closes 
with recommendations for further research to understand complex riparian wetland ecosystems to 
inform our continued human and more-than-human relationships.  

Coming together in challenging times, we witnessed each of the authors maintain commitment to 
their TCU communities and uphold responsibility to share out their work for the benefit of all. We are 
honored to publish this work and look forward to it being disseminated widely. We feel it must also 
be said that there is important research underway that is not included in this volume. These articles 
under development offer intellectual advancements just as important as those we have printed and 
were temporarily put aside as TCU faculty shifted their attention to immediate community needs. We 
look forward to this work coming to completion for a future volume of the TCURJ and offer our 
support and admiration to TCU faculty committing themselves to community engaged work. These 
efforts move us closer toward social transformation. The authors, reviewers, College Fund staff, and 
TCU partners have all played an indispensable part in the completion of Volume V. The institutional 
resources allocated through Faculty Development Program Officer Cathy Noland and Vice 
President, Research, Evaluation, and Faculty Development David Sanders sustain the TCURJ. Chi 
miigwech and Néá'ésé for continuing to support the work of interdisciplinary and localized research, 
we pray these efforts play a part in securing positive Indigenous futurities for all.   

Author Biographies 

Anna Lees (Little Traverse Bay Bands of Odawa Indians, descendant) is editor of the Tribal College 
and University Research Journal and Associate Professor of Early Childhood Education at Western 
Washington University. She partners with schools and communities to prepare teachers for the 
holistic needs of children, families, and communities by sustaining, reciprocal relationships with 
Indigenous communities.  

Natalie Youngbull (Cheyenne & Arapaho/Assiniboine & Sioux) is editor of the Tribal College and 
University Research Journal and Assistant Professor of Adult and Higher Education in the Educational 
Leadership and Policy Studies department at the University of Oklahoma. Her research interests 
include the experiences of American Indian Gates Millennium Scholars, Native/Indigenous student 
success, Native Nation Building, and intellectual leadership and capacity building within TCUs.  
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How can the Utilization of Diné Teachings be Used to Combat Missing and 
Murdered Indigenous Women? 
Manasseh Begay 
Diné College 
 

 
The Diné/Navajo people have historically lived with traditional teachings and mindsets utilized 
to help the people flourish. These teachings will be used to discuss the current crisis known as 
Missing and Murdered Indigenous Women (MMIW) in the United States and Canada. This 
article utilizes Diné cultural thinking to frame this crisis and discuss ways to promote 
wholeness within the tribe through strategic utilization of, Siihasin (Reflection), Nitsáhákees 
(Thinking), Nahat’á (Planning), and Iiná (Living). This article will identify gaps and look for areas 
to mitigate this crisis utilizing a Diné mindset to reach harmony in Native communities. 
 
Key words: Missing and Murdered Indigenous Women, MMIW, Missing and Murdered Diné 
Relatives, MMDR 

 

Introduction 

Missing and Murdered Indigenous Women (MMIW) cases in the United States reported in 2016 were 
5,712 persons (Lucchesi and Echo-Hawk, 2019) and there have been 1200 MMIW in Canada since 
1980 (Walsh, 2015). Murder is the 3rd leading cause of death for Indigenous women (Lucchesi and 
Echo-Hawk, 2019). The Sovereign Bodies Institute (SBI), reports there has been a recorded 1,870 
cases of MMIW within the United States since their creation in 2015. However, the numbers of MMIW 
are likely greater than what has been recorded. Incongruence between the data and reality is 
partially due to inconsistency of law enforcement’s under reporting or policy practices (Walsh, 2015). 
The MMIW crisis contributes to an imbalance among many Native American and First Nation tribes 
that is rarely discussed. A Presidential Task Force was recently created for Missing and Murdered 
American Indians and Alaskan Natives, which offers a good beginning step in acknowledging the 
shortcomings of addressing MMIW. One potential shortcoming of this task force is that it treats the 
symptoms and does not treat the problem.   

Working to address the problems that have resulted in the MMIW crisis, we must begin with 
Indigenous knowledge, values, and ways of being. Thinking, planning, implementation, and 
reflection are important skills in the research process and are a basis for Diné thought and way of 
life. This traditionally based process is Sa’ah Naagháí Bik’eh Hózhóón. The purpose of this article is 
to utilize a traditional mindset to examine the crisis of MMIW, by first identifying traditional healthy 
living systems, observing, and identifying problems that have led to the current state of MMIW. 
Secondly, look at areas of change toward improvement and how that change can impact the life of 
the people and bring them back to a place of health.   

It is important to position myself within the context of my roles, both culturally and academically. I am 
a Native American male enrolled with the White Mountain Apache tribe and also have Navajo blood. 
Throughout the course of my life, I have lived on and off both reservations and currently live within 
the boundaries of the Diné 4 Sacred Mountains. This identity puts me in a place where I approach 
research from this Native American lens. Professionally, my faculty position at Diné College in the 
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Social Work Department has been a starting point for this research. My other professional role is as a 
behavioral health and substance abuse therapist. Through this work at Diné College, I have been 
given an opportunity to collaborate with the Missing and Murdered Diné Relatives (MMDR) 
organization and in my life as a therapist I have worked with survivors of MMIW. MMDR is an 
organization working to decrease incidences of MMIW among the Navajo people and establish a 
database to record MMIW on the Navajo reservation. This research is not mine but belongs to all 
those who are doing work in this area and speaking up for those whose voice has not been heard. 
This article hopes to blend empirically based research with traditional Diné teachings to help tribes 
look past numbers and look through a more traditional lens to examine Missing and Murdered 
Indigenous Women.  

Naayée’k’egho Na’nitin: Protection Way 

As with many Native American cultures, a person and history is cyclical and does not lie in a linear 
fashion. Because of this, the process of change and growth is a continual process. The end is the 
beginning. Sa’ah Naagháí Bik’eh Hózhóón (SNBH), the Diné traditional living system, places human 
life in harmony with the natural world and universe. The system provides for protection from the 
imperfections in life and for the development of well-being. This system is going to be used as a way 
of providing a well-balanced formula to connect knowledge, creation, shared thought, and 
language (Nez, 2018). The principles are four-fold:   

● Nitsáhákees (Thinking). Baa nitsídzíkees. Apply the techniques of reasoning. Analyze 
alternative solutions through the use of the principles of logic and creativity.   

● Nahat’á (Planning), Nahat’á anitsíkees bee yáti’ dóó ííshjání óolzin. Develop and demonstrate 
communication skills. Nahat’á nahaaldeeł. Demonstrate systematic organization skills.   

● Iiná (Implementation/Living). T’áá hó ájít’éego hózhóogo oodááł. Demonstrate self-direction 
based on personal values consistent with the moral standards of society. T’áá hó ájít’éego 
hózhÓogo oonish. Demonstrate quality, participation, work, and materials.   

● Siihasin (Reflection and assurance). Siihasingo oodááł. Demonstrate competency. Siihasin 
nahaaldeeł. Demonstrate confidence (Diné College, 2019).   

This traditional method will be utilized in the process of uncovering the crisis of MMIW. Vangee Nez 
(2018) explains SNBH as a paradigm which guide actions and impact the way Diné think, how they 
gain knowledge, and serves as a moral guide. Nez (2018) discusses these practices which allow for 
the mind to develop with love, without judgement; to gain knowledge of SNBH for self-identity and 
clearer understanding; and to liberate the mind, body, and spirit. 

Like all things, this ways of learning is cyclical in nature and does not follow a linear pattern. The 
process does not have a beginning or end but is a continual process of growth. The process does 
not need to flow in the pattern shown below, but it is the process which I used in this research. The 
colors respond to the four directions and the four sacred mountains, which each represent a 
different way of thinking. 
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Figure 1 

A Visual Representation of the Four-Fold System of Learning 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

The following section will begin the examination of MMIW through the Diné lens of Siihasin 
(reflection), Nitsáhákees (Thinking), Nahat’á (Planning), and Iiná (Implementation/Living). Each area 
will be broken down into looking at MMIW as a whole; its origins, impacts, problems stemming from 
it, current resources available, treatment options, current organizations attempting to combat it, and 
looking at ways to move forward and provide Hozho - a state of peace, happiness, and a sense of 
balance and harmony, which we want to bring back to our Native people (Nez, 2018). 

Siihasin (Reflection) 

Siihasin is not the beginning or end in the process of creating change but can be utilized to reflect 
the reality of the current situation. It creates a gauge to determine growth and provides a direction 
for growth to occur. Utilizing this mindset, the crisis of MMIW will be assessed, reviewed, and 
reflected.   

The Diné/Navajo people historically have lived with a traditional mindset with teachings that have 
been utilized to help the people flourish. These teachings will be utilized to discuss the current 
MMIW crisis facing Native Nations in the United States and Canada. While there is no cumulative 
database to give an accurate count on the number of MMIW, one 2016 report indicated Missing 
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The following section will begin the examination of MMIW through the Diné lens of Siihasin 
(reflection), Nitsáhákees (Thinking), Nahat’á (Planning), and Iiná (Implementation/Living). Each area 
will be broken down into looking at MMIW as a whole; its origins, impacts, problems stemming from 
it, current resources available, treatment options, current organizations attempting to combat it, and 
looking at ways to move forward and provide Hozho - a state of peace, happiness, and a sense of 
balance and harmony, which we want to bring back to our Native people (Nez, 2018). 

Siihasin (Reflection) 

Siihasin is not the beginning or end in the process of creating change but can be utilized to reflect 
the reality of the current situation. It creates a gauge to determine growth and provides a direction 
for growth to occur. Utilizing this mindset, the crisis of MMIW will be assessed, reviewed, and 
reflected.   

The Diné/Navajo people historically have lived with a traditional mindset with teachings that have 
been utilized to help the people flourish. These teachings will be utilized to discuss the current 
MMIW crisis facing Native Nations in the United States and Canada. While there is no cumulative 
database to give an accurate count on the number of MMIW, one 2016 report indicated Missing 
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American Indian/Alaskan Native Women and Girls (MMIWG) was 5,712 (Lucchesi and Echo-Hawk, 
2019). The MMIW acronym will be used in this article not to negate girls MMIWG, but primarily most 
data refers to MMIW, which is typically inclusive of females of all ages.  

Reflect 

First Woman’s initial role in the Navajo creation story represents a role of Navajo women in society 
which was of a mother. This continues in women being an important part of the life, as they provided 
wholeness as a necessary aspect of procreation and as a compliment to man (Schwartz, 2001). 
Indigenous women’s roles have also been similar to this historically. Duties within tribes were 
typically based on gender roles. Women cared for children and worked on farms. They were seen 
with respect, and in certain tribes had roles which were given to them by deities (Mihesua, 2003). 
Navajo women specifically were also medicine women who were practitioners of healing. Not all 
tribes allowed for women to take this role. This gave women a prestige and respect (Roessel, 1981). 
Women were required to provide harmony and completion in Indigenous societies. Dr. Jennifer 
Denetdale in an interview entitled We Shall Remain, stated “for Navajo people, your identity begins 
with women. Women dictated land use, they owned livestock, they owned the children and they 
owned the home” (pbsutah.org, 2009). In comparison, without women it is likely there will be 
struggles regarding land use, livestock, children, and the home. With the onset of colonization, 
matriarchal societies, which were typical of Indigenous tribes, were forced to take on patriarchal 
beliefs by European settlers. This required adaptation to larger society creating a sexist view and a 
decrease in cultural values (Mihesua, 2003). These systematic changes have separated some tribes 
with their traditional values and moving away from harmony and wholeness.  

An accurate reflection on the MMIW crisis has to take into account the historical view of the Diné 
people, their treatment, and roles of Native women. Diné identity has adapted over years of 
intrusion from colonization. Sa’ah Naagháí Bik’eh Hózhóón and Hozho are key elements in the Diné 
culture which identify an ability of Diné people to live in harmony and move in balance within their 
lives. This is seen in the stories which are told by Diné that discuss their history and ability to live and 
adapt to the world around them, while contributing to growth (Lee, 2006). K’é, the Diné principle of 
family, has been a significant influencing belief that has helped continue the cultural beliefs and 
values of the Diné people. These concepts are the key elements in the Diné culture and contribute 
to the identity of the people. These concepts however are not entirely reflected in all the current 
beliefs on the reservation as there are areas where the Diné people are losing their harmony with the 
world around them.  

Wholeness cannot be when there is disease in the world. This disease can bring people out of 
harmony with the world around them. The crisis of MMIW creates an imbalance and brings a person 
out of balance with the world around them and if it continues to grow, can bring a people out of 
balance. When this lack of harmony occurs, elders have called out to return to the old ways to bring 
the people back into harmony (Schwartz, 2001).  

Assess/Review 

It is difficult to assess the wholeness and balance of the Diné and having a full understanding of the 
crisis is difficult, partially because there is no government database which houses information 
regarding MMIW. The crisis of MMIW has long been overlooked by governmental agencies and 
various grass roots organizations have been created to mitigate and record this crisis. Sovereign 
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Bodies Institute (SBI) and National Missing and Unidentified Persons system (NamUs) have 
developed to fill some of these gaps in data.  

Created in 2015, SBI is a non-profit Native American-owned and -operated program that gathers 
data using an open-source reporting system from family of MMIW (Oversight Hearing, 2019). NamUs 
is a database created in 2007 to help bring people, information, forensic science, and technology 
together, with a goal to help resolve missing, unidentified, and unclaimed person cases nationwide 
(NamUs, 2019). NamUs is not specific to Native Americans and does not cover murdered individuals.   

Without empirical data the assessment process cannot be complete. The snapshot of the data from 
SBI and NamUs, which is limited, does support the presence of the MMIW crisis. This information 
must now be used to reflect the historical information of Indigenous people and in particular the 
treatment of Indigenous women. This needed reflection is required as it will determine the level of 
wholeness and harmony in Indigenous tribes and specifically the Diné people. Examining data 
created by SBI and other data obtained, it easily reflects an unhealthy system. While numbers are not 
specific to the Navajo Nation it will likely reflect similar numbers and a system of illness. However, 
the numbers of MMIW are just a visible portion, the moving away from balance needs to be 
considered when overviewing the health of a nation.  

Nitsáhákees (Thinking) 

Nitsáhákees is the Diné process of thinking through a problem. In research this might correlate to 
the process of the creation of a research question or learning more about the area needing to be 
changed. This would contain the areas of openly engaging in dialogue with others who would have 
experience in this area as well as utilizing critical thinking skills to not only identify the problem(s), 
but to also reflect on what others may have done in this area.  

Openly Engage in Dialogue 

Dialogue initially requires having a framework of the problem. With MMIW the lack of statistical 
documentation is the first barrier in quantifying the problem. However, harmony and wholeness, or 
the qualitative impact of MMIW can be examined. If you were to view Indigenous culture, the view of 
women and culture as a whole could be construed as having minimal value. They are consequently 
placed as being a monetary value at best. According to some Native American historians there has 
been a continued decrease in the value of Native women, which has been pushed by colonialism 
and laws and policies which has kept silenced the violence experienced by Native women.  This has 
led to an increase in crimes against women including physical/sexual abuse and violence, forced 
prostitution, human trafficking, and other crimes against women (LeMay, 2018). Several of these laws 
and policies have been addressed, but much work needs to be done in this area and other areas to 
address impacts of colonization for Native Americans. 

Several specific areas are more difficult to plan, prioritize, and create a plan of action for. These 
include gaps in criminal justice, increased law enforcement, prosecution of crimes, ambiguous tribal 
boundaries, and other areas that have significantly contributed to the MMIW crisis. These areas 
continue to pose difficulties in making significant change. This is partially due to federal laws which 
were created to govern tribal lands, which poses a significant threat against the wholeness and 
protection of Native people.  
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Another part of this dialogue revolves around who are the stakeholders in the MMIW crisis. Families 
and victims/survivors of MMIW are the most obvious stakeholders, but this is a small portion of the 
population which are affected by MMIW. Native Nations as a whole have been affected by the MMIW 
crisis as it reaches into every fabric of life for Native Americans. Other stakeholders in addressing 
MMIW would be those entities trying to move toward responding to this crisis in a tangible way. The 
dialogue created through these stakeholders is valuable to create an action plan for change. Tribal 
communities utilizing this strategy may need to identify the varying partners and determine the 
needed areas of change. On the Navajo reservation an organization known as Missing and 
Murdered Diné Relatives (MMDR), was created to be the voice and change agent for the Diné 
people. MMDR consists of legislative stakeholders, educational systems, victim advocates, social 
welfare agencies, legal entities, as well as several concerned citizens, or other parties who are 
looking to address MMDR. Counsel delegate Amber Kanazbah Crotty of the Navajo Nation was the 
visionary behind the MMDR working group. She began to address this need after the murder of 
Ashlynn Mike in 2016. Ashlynn Mike was an 11-year-old girl who was kidnapped and murdered on 
the Navajo reservation. The MMDR group is made up of several volunteers collaborating to address 
the crisis of missing and murdered Navajo’s, both on and off the Navajo reservation, to provide 
resources for victims and families and to promote proactive strategies of prevention. 

One of the current collaborators with MMDR is Diné College. A major goal in this partnership is to 
establish a data institute for recording and studying cases of missing and murdered people on the 
Navajo reservation. This also includes Navajo people who do not live on the reservation. This could 
be a key area in the prevention of MMIW. This collaborative work begins and ends with discussion 
and a desire to protect Diné people and provide justice (MMDR, 2019). MMDR is beginning to make 
these ties and bring to light the dialogue of MMIW, addressing the crisis, and making change for the 
future. 

Critical Thinking 

Winona LaDuke stated “collectively, find that we are often in the role of the prey, to a predator 
society, whether for sexual discrimination, exploitation, sterilization, absence of control over our 
bodies, or being the subjects to repressive laws and legislation in which we have no voice” (as cited 
in Mihesuah, 2003, p. 41). Being able to process these wrongs and identify the wrongs is an 
important step. Various organizations have inadvertently contributed to the MMIW crisis. Several of 
these areas relate to law enforcement and the criminal justice system; including jurisdictional 
boundaries, underfunding of tribal law enforcement, underfunding of tribal court systems, 
underfunding of tribal detention facilities, inability to prosecute non-natives, and institutional racism. 
Other areas may also contribute to the MMIW crisis such as substance abuse and human trafficking. 
Some of the less discussed areas are the effects MMIW has on families, children, and the culture of a 
tribe.  

It is obvious wholeness and harmony does not completely exist while this crisis exists. MMDR is 
currently trying to repair this crisis through their efforts on the Navajo reservation. Other entities 
across other states and tribes have also begun, but all are in early stages of development. The states 
of New Mexico and Arizona both have task forces which have been created to study and begin 
efforts to combat this crisis. Other states and governmental entities in Canada and Alaska have also 
been created. Several of these remain as studies and have not moved into an action state. In the 
research process, planning can take an extensive amount of time. Many organizations are in this 
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phase of identifying the problem, creating a strategy for treatment, and moving into the application 
process. While discussion, critical thinking, and reflection are important parts of this, action moving 
forward are the next steps toward harmony. 

Nahat’á (Planning) 

Prioritize 

Due to the complexity of MMIW and the many areas which have been impacted and/or contributed 
to the crisis, many areas need to be addressed. The MMDR group has established key areas during 
the critical thinking phase to begin implementing change. A data institute is a major portion of this 
planning process as there is no cumulative database to study the MMDR crisis. Tribal and community 
support was also a major area of need for MMDR. Legislative support from the Navajo Nation and 
several forums were created to reach out to community members regarding MMIW and MMDR. The 
aspect of prioritizing is an ongoing process as resources are identified and priorities begin to be 
addressed. Using these discussions, the MMDR group now creates a plan to implement various 
areas of change.   

Create Plan of Action 

The MMDR group is in early stages which began with discussion, identifying the scope of the crisis, 
and creating a group of stakeholders to help in addressing the crisis on the Navajo reservation. 
Legislative support was one of the first action items as it created an identified working group related 
to MMDR. This allows for a foothold in legislative action which would be used to address gaps which 
were identified by the group. It also allows for specific funding and grants to be created to increase 
the options for the MMDR group and provide for full-time employees, as well as beginning the data 
institute. 

The data institute is the collecting department of MMDR. The creation of the Navajo Nation’s first 
MMDR Data Institute would improve the nation’s capability to track cases, collect data, and develop 
policies in the overall effort to bring our Diné relatives home and to garner justice (MMDR, 2019). 
The data can be utilized to reflect change of the overall health of the Diné nation. This institute could 
be vital for not only recording data but to study the data and find ways to implement change. Tribal 
colleges could utilize this institute for training and research for faculty, staff, and students, which 
provides capacity to sustain the efforts and a hands-on ability to be change agents. 

Coordination and creation of response efforts is at the forefront of MMDR. MMDR is helping to bring 
together stakeholders involved and public service workers or social service agencies to provide 
education, treatment, and varying levels of care. Bringing awareness to this crisis has begun to 
humanize Indigenous peoples and their communities. This crisis however, stretches beyond Indian 
Country as it invades all of society and its effects have significant impact in the world 
(Stumblingbear-Riddle et al, 2019). Continued work moving forward is an ever-evolving process. 
This is the way it should be as the people grow, change, and adapt to the environment. This will 
require continued change for a healthy society. 

Iiná (Living) 

Goals and Objectives 

At the first MMDR forum the Navajo Nation's first lady Phefelia Nez stated, “Our Navajo women are 
the center of our society, and they offer love, comfort, and discipline”. As it stands alone this 
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statement is a reflection of the Navajo cultural view of Navajo women, but it was only the first half. 
The second half represents a new reality which does not live in harmony with Diné teachings. First 
Lady Nez finished the statement with, “however, an alarming number of Indigenous women and girls 
throughout the world disappear or fall victim to murder each year at disproportionate rates 
compared to the rest of the population.” When trying to identify goals regarding MMIW or MMDR it 
is difficult as Sa’ah Naagháí Bik’eh Hózhóón, harmony and wholeness, are not quantifiable terms. It is 
easy to see the lack of harmony currently. The current state in tribal nations with MMIW displays an 
absence of harmony which is tolerable for periods of time, but the experience has lasting negative 
impacts on the mind, body, spirit, and environment. Reintegrating these back into the tribe will allow 
for growth and Hozho. 

Implement and Achieve 

The implementation state is ever moving. While some areas are currently being addressed much 
change is needed. As organizations grow and begin to address the MMIW crisis, the level of 
implementation has to change to refine the needs of the communities and persons involved. The 
need to adapt is important. Indigenous cultures have required change since the introduction of 
European settlers. The culture is going to continue to change and this makes it difficult to know 
when success is achieved. This, however, is not a bad thing as we can look toward the future and 
hope. 

Siihasin (Reflection) 

Siihasin (reflection and assurance) (Diné College, 2019), where we end is where we begin. As work 
moves forward addressing MMIW there will not be a beginning or an end. Just as all cultures adapt 
to the world around them and as the Navajo have tried to live in harmony with their people, the 
world, and with family, so will this crisis continue to evolve. MMDR is one organization trying to bring 
traditional insight and work into addressing the MMIW crisis on the Navajo Reservation. This work 
needs to be replicated across Indian Country until all native nations can achieve a balance with their 
culture. 

Utilizing Sa’ah Naagháí Bik’eh Hózhóón as a means of examining MMIW is a new process which has 
its benefits and challenges. Native Americans can struggle in implementing western thought 
patterns and ways into their way of living. Using Sa’ah Naagháí Bik’eh Hózhóón allows a smoother 
transition into using one’s own thought patterns and familiar ways of practice into their life. This 
allows for greater opportunity for growth and implementation. It also, in its own way, uses the 
scientific method. Using this method as a testing instrument does need continued review to 
determine its efficacy. In addition, there are many Native Americans who were not raised in a 
traditional mindset. It may be difficult for these Indigenous persons to have a full grasp on this 
process as well. This being said, collaborators such as law enforcement, governmental entities, 
mental health providers, etc. may not understand Sa’ah Naagháí Bik’eh Hózhóón and may struggle 
with implementing this mindset into their treatment. It also may be difficult to quantify other 
ideologies, such as K’é and Hozho. This can be difficult when funding may be based on quantitative 
data and less on qualitative data or cultural understandings.  
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Hózhóójii: Beauty Way 

Areas of Future Study 

MMIW is not a new concept, it has been growing since the introduction of European settlers. It is 
however something that can no longer be ignored. The implementation phase of response to this 
crisis is currently in early stages. There have been several areas where responses to MMIW have 
been implemented with minimal having a lasting impact. We are currently in the study and research 
phase. As datasets continue to grow, study can also grow. This area of research can be invaluable at 
tribal colleges who can establish data institutes not only to study and combat MMIW, but also 
prepare future researchers. This will help to ensure Native sovereignty as the tribe will be able to 
care for itself.  

Organizations similar to MMDR can be created across most tribal communities. The partnership, 
which is being created with MMDR, Diné College, and other entities can be emulated as well. This 
can provide a lasting foundation of growth, research, and change, which is required to combat 
MMIW. MMDR is not the only initiative trying to achieve change across Indian Country, but the 
impacts of MMDR needs to be studied as well as other grassroots organizations. The establishment 
of a data institute, the support services provided to victims and families, the establishment of a non-
profit organization, support provided to the community, and law enforcement are some of the areas 
that MMDR is trying to address and support. If these organizations seem to show positive fruit, 
further resources need to be offered. The area of legislation and law relating to Native American 
reservations and the impact these laws have needs to be addressed and changed. This is the same 
for the Canadian First Nations tribes as well. The impacts of MMIW have been a neglected area. The 
impacts of children, families, and culture are discussed, but the cumulative impacts are not 
completely known. Navajo Nation's first lady Phefelia Nez stated, “Our Navajo women are the center 
of our society, and they offer love, comfort, and discipline.” This statement should provide the 
reflection, not only for Navajo women, but all Indigenous women across the earth. When the MMIW 
crisis is addressed, harmony can be achieved.  

As previously stated by Dr. Jennifer Denetdale, “Navajo identity begins with women. Women 
dictated land use, they owned livestock, they owned the children and they owned the home” 
(pbsutah.org, 2009). Hozho/Harmony and K’é, the Diné principle of family, cannot be with women 
missing from the home, from the family, from the land, and from the children. Empirical data can 
show a legitimate problem, and studies and task forces can be created to address the physical 
problem of MMIW. However, if a tribe and people cannot reach Hozho, it will only be treating the 
symptoms. We need to begin by uplifting and honoring the women of our people. 
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The Ancient Menominee (Mamaceqtaw) were farmers, growing diverse foods on raised 
garden beds. Interest in reviving ancient gardening practices and pre-contact foods is 
increasing, as Menominee community members seek local sources of fresh, nutritious foods. 
This project evaluated the impact of traditional biochar and fish emulsion soil amendments, as 
compared to conventional fertilizer, on flint corn yields and select soil properties. Results from 
two growing seasons suggest biochar and fish emulsion amendments can positively alter soil 
fertility and productivity in the short-term. However, further research is needed to quantify 
long-term impacts of traditional amendments on corn yield, soil health, and sustainability. 
 
Key words: Menominee, Mamaceqtaw, Soil Health, Flint Corn, Agriculture, Biochar 
 

 

Introduction 

The Menominee people (Mamaceqtaw) have lived in the Great Lakes region since time immemorial 
and have no migration story. The long-standing connection between the Menominee and the land is 
evidenced through the tribe’s creation story which takes place in northeastern Wisconsin. This 
connection is currently being viewed through archeological research on ancestral gardening 
techniques, because, in addition to hunting, fishing and gathering, the ancient Menominee were 
also active gardeners. Interest in reviving ancient gardening practices and pre-contact foods is 
increasing, as Menominee community members seek dependable, local sources of fresh, nutritious 
foods to improve local health outcomes. Therefore, identifying culturally relevant and productive 
gardening practices is considered imperative to increasing fresh food production and consumption 
on the Menominee Reservation. 
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Work by tribal archeologist, Dr. David Overstreet, suggests from approximately AD 1000 into the 
post-contact era, the ancestral Menominee constructed and used groups of raised planting surfaces, 
often called “garden beds” or “ridged fields”, for food production (Overstreet, 2011). By definition, 
raised fields are defined as “any prepared land involving the transfer and elevation of soil above the 
natural surface of the earth in order to improve cultivating conditions” (Denevan and Turner, 1974). 
Preserved floral remains suggest Menominee garden beds were used to grow corn (Zea mays), 
squash (Cucurbita spp.), sunflowers (Helianthus annus) and chenopodium (Chenopodiaceae spp.) 
(Overstreet, 2014). Archaeological field studies have documented extensive complexes of ancient 
garden beds and food storage pits on the current Menominee Reservation, as well as throughout 
the original Tribal Estate that encompassed Eastern Wisconsin and Michigan’s Upper Peninsula 
(Overstreet, 2014).  

Food Production and Contemporary Menominee 

With colonization, knowledge and use of traditional Menominee garden practices by tribal members 
significantly declined. However, with an increased focus on food sovereignty, there is renewed 
interest within the community to use traditional gardening practices and to cultivate pre-contact 
foods (CMN-SDI, 2015). Tribal members are seeking a sustainable alternative for food production 
that reflects their traditional relationship with the land. Essential to the effort is identifying ways to 
improve soil health and productivity of the lands currently available for food production. Soil health 
is often defined as “the continued capacity of soil to function as a vital living ecosystem that sustains 
plants, animals, and humans” (USDA-NRCS, n.d.).  

Fresh food consumption is central to traditional Menominee lifeways. The annual cycle of cultural 
activities included wild rice harvesting, maple sugaring, hunting, fishing, gathering, and cultivating 
foods in raised gardens. This Omāēqnomenēwak Pemātesenewak (“Menominee Way of Life”) 
sustained the Menominee for centuries. Currently, however, most of Menominee County/Nation is 
classified as a food desert (USDA -ERS, 2015). The lack of accessible fresh food likely contributes to 
the County/Nation residents’ poor health outcomes, ranking last (72nd) in overall health and length of 
life out of Wisconsin’s 72 counties (University of Wisconsin Population Health Institute, 2019). Those 
involved with local food issues see increased production of and access to fresh foods as imperative 
to increasing the health and well-being of the Menominee people. Current initiatives by the tribe, 
community members, and College of Menominee Nation (CMN) look to promote traditional foods 
and food production practices that meet contemporary needs by integrating research and outreach 
with cultural activities. These initiatives strive to support the Menominee people as they explore 
traditional foods and food production practices and to strengthen individuals’ connections to their 
land, culture, health, and wellbeing. 

Ancient Raised Bed Agriculture in Wisconsin 

The archeological record suggests by approximately AD 1000, peoples of the western Great Lakes 
region were mostly sedentary, living in small villages and providing for themselves through 
agricultural, hunting and gathering endeavors (Overstreet, 1997; Sterner, 2018). Evidence of raised 
garden bed agriculture from this time period into the early 20th century is found across a few 
hundred sites throughout Wisconsin (Gartner, 1999; Sasso, 2003). Reviewing his work and the work 
of others, Moffat (1979) concluded Wisconsin ridged agricultural fields often occur in clusters in 
loamy soils on high, well-drained, south-facing slopes and tend to be located near waterbodies. 
Further work by Gartner (1999) found Wisconsin’s native peoples farmed diverse soils and 
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landscapes, typically in regions with 90 to 170 consecutive frost-free days. The significant time and 
labor investment required to construct and maintain ridged fields suggests a community’s 
commitment and tie to the location (Monaghan et al., 2014).   

In Wisconsin, ancient garden beds typically occur in complexes of parallel linear or curvilinear ridges 
and furrows of varying dimensions. Many complexes are composed of several sets of garden beds, 
often oriented in differing directions. Documented ridge sizes vary from less than 5 centimeters (cm) 
to over 40 cm in height, from less than 1 meter (m) to approximately 2 m in width, and from 2 m to 
several hundred meters long (Sasso, 2003). The width of furrows is often more inconsistent than the 
width of ridge tops and varies from tens of centimeters to more than a meter, depending on the site 
(Doolittle, 2000). Garden complexes also vary in total area, typically ranging from less than 8 
hectares (ha) to more than 40 ha in size (Sasso, 2003). 

Construction of garden beds likely started with cutting and burning the natural vegetation in place, 
followed by the use of small hand-tools, such as digging sticks and/or hoes of various construction, 
to relocate soil materials. Furrows were created by removing the organic enriched surface soil 
horizons (A or O horizons) from an area and relocating the materials to the adjacent areas to create 
ridges (Monaghan et al., 2014). The purpose of creating an alternating furrow and raised planting 
surface varied by location. In addition to thickening the surface organic layer and altering soil fertility 
(Miracle, 1967; Overstreet, 2011), it is hypothesized raised beds may have lengthened the growing 
season through cold air drainage and/or by increasing early season soil temperatures (Gartner, 
2003). Other potential benefits may have included suppressing crop pathogens (Thurston, 1990), 
raising planting surfaces above seasonally or permanently saturated soils (Denevan, 1970), slowing 
soil erosion, or capturing and storing water (Gartner, 1999). 

Soil Amendments 

In addition to relocating localized organic materials, work by Overstreet (2011) suggests the ancient 
Menominee amended their raised garden beds with charcoal and ash (biochar) that was burned in 
place, as well as with organic rich wetland and/or riverine sediments from nearby environments. 
These amendments likely improved the fertility and moisture holding capacity of the coarse textured 
soils common to some of the Menominee’s historical lands (Overstreet, 2011).  

Amending low productivity soils with household refuse, animal and human waste, biochar, plant 
biomass and/or organic rich sediments was practiced by ancient peoples across the Americas. The 
most dramatic example is the Anthropogenic Black Earth soils of the Amazon (Glaser and Birk, 
2012). However, outside of the Amazon, limited documentation of intentional amendments to 
improve the soil environment exists. In addition to Overstreet’s work, Gallagher and Arzigian (1994) 
documented the addition of charcoal and other cultural materials to agricultural fields in northwest 
Wisconsin, likely to increase soil fertility.  

Cropping Systems 

The use of differing cropping systems by ancient peoples, such as monocultures, intercropping, or 
relay cropping, is difficult to derive from the archeological record. It is assumed intercropping was 
used in the region. Common beans (Phaseolus vulgaris) were introduced into the upper Great Lakes 
by approximately AD 1200, facilitating the adoption of a Three Sisters agricultural planting system 
with corn, squash and beans (Monaghan et al., 2014). In addition to diverse cropping strategies, it is 
believed garden beds were left fallow, for years or decades, to allow for the accumulation of plant 
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nutrients and the rebuilding of garden beds with plant and soil materials collected in the furrows 
(Monaghan et al., 2014).   

Cultivation of corn by the Menominee has continued for centuries. As for specific plant cultivars, 
corn kernels found in the garden beds suggest the Menominee grew a “Northern Flint” type corn 
(Overstreet, 2014). Northern Flint refers to a number of cultivars containing a hard starch endosperm 
that does not dent upon maturity. Northern Flint has a small diameter cob (approximately 15 mm at 
its midpoint) and produces eight to 10 rows of kernels (Brown and Anderson, 1947; Sykes, 1981; 
Munson-Scullin and Scullin, 2005). Northern Flint corn is well adapted to much of the upper 
Midwest, typically with an 80 to 100-day maturity.  Skinner (1921) did not describe the varieties still 
grown at that time beyond there being a popcorn variety and both a blue and a later-maturing, 
white variety of some sort of field corn. 

Problem Statement 

To address the growing interest in ancient Menominee food production systems and traditional 
foods, this study evaluated the impact of traditional Menominee soil amendments as compared to a 
contemporary commercial fertilizer on: 1) flint corn yield and productivity and 2) soil chemical and 
biological properties.  

Materials and Methods 

Experiment Site 

Long-term, agronomic plots were established at the College of Menominee Nation-Sustainable 
Development Institute (CMN-SDI) in Keshena, Wisconsin, USA (44.85, -88.62) in 2016. Prior to 
conversion, the area was managed as part of a community garden. A Tilleda fine sandy loam (fine-
loamy, mixed, active, frigid Haplic Glossudalf) is mapped throughout the plots. The area experiences 
an approximate 137 day growing season (base 0 C), accumulating approximately 2,100 growing 
degree days (base 10 C) during May through October (Midwest Climate Summaries, n.d.). Total 
annual precipitation averages 796 mm, of which 468 mm accumulates from May through September 
(Midwest Climate Summaries, n.d.). 

Experimental Design 

The long-term research site was sectioned into 16 plots approximately 3 m wide by 6 m long, for the 
evaluation of four treatments (biochar, fish emulsion, and urea amendments and no soil amendment 
[control]) on soil parameters and flint corn yield. Treatments were replicated in quadruplicate in a 
randomized complete block design. The biochar amendment was burned in place on top of the 
plots at the beginning of each growing season using equal volumes of downed tree branches 
sourced from nearby hardwood tree species. The resultant biochar material was approximately 
composed of 50% charcoal and 50% wood ash by volume. All plots were tilled prior to a blessing 
and subsequent planting. Bear Island flint corn (approximate 85-day maturity) was planted using 
traditional Menominee planting sticks on June 2, 2017 and June 1, 2018 by CMN students and 
Menominee community members. Plots were planted at 86,450 seeds per ha in 76.2-cm rows to a 
depth of 3.8 cm. Plots were weeded throughout the season as required. Fish emulsion (5-1-1) and 
urea (46-0-0) were applied to the assigned plots to provide 9.07 kilograms (kg) nitrogen (N) per ha 
at each of three applications (27.21 total kg N/ha); applications occurred on June 23, July 19, and 
August 16, 2017 and July 9, July 19, and August 10, 2018. 
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Soil and Plant Analyses 

In 2018, soil temperature and soil moisture measurements were taken twice a week during late-June 
through mid-July at 5.1- and 10.2-cm depths and 7.6- and 20.3-cm depths, respectively. Soil 
temperature data was collected using a digital thermometer, while soil moisture measurements were 
collected using a FieldScout TDR 350 Soil Moisture Meter (Spectrum Technologies, Inc, Plainfield, 
IL). Ear counts for each plot and harvest of all of the ears were completed on September 27, 2017 
and September 28, 2018.  

Surface soil samples (0 to 15 cm) were collected using a standard soil probe (2.5 cm diameter) at 
end of the 2018 growing season from each plot for soil analyses. Twenty samples were collected 
from each plot and mixed to comprise a composite sample. The composite sample was split into two 
sealed plastic bags and frozen until the samples were transported to the labs for analysis. Routine 
fertility analyses were conducted at the University of Wisconsin (UW) Soil and Forage Testing 
Laboratory in Marshfield, WI and included pH, soil organic matter by loss-on-ignition, Bray 1-P, and 
Bray 1-K. Laboratory protocol can be accessed at https://uwlab.soils.wisc.edu/about-us/lab-
procedures-and-methods/.   

Soil health analyses were conducted at the Sustainable Soil Management Lab on the UW-Madison 
campus. Substrate induced respiration was determined using a procedure adapted from West 
(1986) and Anderson (1978). Four milliliters (mL) of a glucose solution was added to 10 g of dried 
and ground (< 2 mm) soil to introduce 300 milligrams (mg) of glucose to the sample. Treated 
samples were placed in sealed jars and incubated for 5 hours at 22 C. A LI-COR infrared CO2/H2O 
analyzer (LI-COR International, Lincoln, NE) was used to measure the amount of CO2 respired from 
each sample during the time period. 

Cellulose decomposition was determined using a two-week incubation technique modified from 
Moebius-Clune et al. (2008). A pre-weighed Whatman #42 cellulose filter paper (7-cm diameter) was 
placed into the center of plastic, 9 cm diameter Petri dish. The dish was filled with dried and ground 
(< 2 mm) moist soil to achieve good contact between the soil and paper. Each Petri dish was 
covered, sealed with Parafilm, and incubated in a humid environment at 25 C for two weeks. After 
two weeks, the soil was removed gently, and filter paper decomposition was quantified by weight 
difference.  

Permanganate oxidizable C was analyzed and calculated according to the procedure of Weil et al. 
(2003). Five grams of dried and ground (< 2 mm) soil was combined with 18 mL H2O and 2 mL of 0.2 
mol KMnO4 in a 50-mL centrifuge tube. Tubes were shaken for exactly 2 minutes and allowed to 
settle for 10 minutes. After settling, 10 mL of supernatant was transferred to another centrifuge tube 
and sample absorbance was read using a spectrophotometer at 550 nm. 

Statistical Analyses 

Data was analyzed using a two-way analysis of variance and Tukey’s HSD. Statistical tests with p < 
0.05 level were considered significant. 
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Results and Discussion 

Corn Yield 

Even with multiple wildlife deterrents employed, the plots experienced heavy feeding by mammals 
and birds in both 2017 and 2018. Therefore, developed ear counts (both present and missing) were 
used as an inexact proxy for grain yield per plot. Only ears greater than 10.16 cm in length were 
counted. Ear counts were converted and are reported on a per hectare basis. 

In 2017, the plots produced on average from 142,023 to 159,238 total ears/ha. There were no 
significant differences in ears produced per ha by treatment in 2017 (Table 1).  

Table 1 

Mean Corn Ear Counts per Hectare by Treatment in 2017 and 2018  
Treatment 2017 Ear Count 2018 Ear Count  

# ear/ha # ear/ha 
Biochar 154,933ns* 92,531ab 
Fish Emulsion 142,023 105,442a 
Urea 150,630 103,290ab 
Control 159,238 88,226b 
p-value 0.70 0.03 

*treatments with the same letter are not different at the ά < 0.05 level within columns, ns = not 
significant 

In 2018, growing season conditions were cooler and wetter than 2017. Plants were noticeably 
shorter and less robust than in 2017 and produced between 88,226 and 105,442 ears/ha. 
Statistically, the corn receiving the fish emulsion treatment produced approximately 17,216 more 
ears per hectare than the control in 2018 (105,442 vs 88,226 total ears/ha). This increase in ears is 
likely attributable to the addition of supplemental nitrogen via fish emulsion throughout the growing 
season (201.75 total kg N/ha over three applications). Nitrogen is essential for plant and microbial 
growth and is often deficient in non-amended, agricultural soils. While the difference was not 
significant, the number of corn ears in the urea-amended plots (also applied at 201.75 total kg N/ha 
over three applications) approached that of the fish emulsion amended plots. It is important to note, 
a higher ear count may not translate into increased grain yield, as average kernel count per ear and 
average kernel weight likely varies between treatments. Additional years of research, without 
significant wildlife or disease damage to the crop, are needed to fully define treatment impacts on 
corn yield. 

Without estimates of total grain yield, it is difficult to compare our results with prehistoric corn yields. 
Agents in the late 1800’s reported yields of Northern Flint varieties of approximately 1255 kg/ha (20 
bushels (bu)/acre) throughout the upper Missouri River Valley (Will & Hyde, 1917), although some 
scientists and farmers noted total flint corn grain yields over 2870 kg/ha (46 bu/acre) in the 1800s 
and early 1900s with immigrant methods of management (Kutka, 2011). Schroeder (1999) estimated 
traditional corn yields in the Eastern Woodlands of 1,185.4 kg/ha (18.9 bu/acre) for cultural groups 
who did not use plows. However, he estimates an edible yield of approximately 627.2 kg/ha (10 
bu/acre) in a typical year.  
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Contemporary work by Munson-Scullin and Scullin (2005) in South Dakota estimate Northern Flint 
grown in corn hills using traditional means, could potentially produce 3261.4 kg/ha (52 bu/acre) on 
approximately 6,175 hills (up to 37,050 plants) per ha. Similarly, Mt Pleasant (2016), working in New 
York with a traditional variety grown in Three Sisters and monoculture systems, observed yields of 
Haudenosaunee corn from 2933-3258 kg/ha (47-52 bu/acre). Kutka (2005) found yields of 3421 and 
3867 kg/ha (54.5 and 61.9 bu/acre, respectively) for two flint varieties grown under modern forms of 
management. Currently we see yield as one of multiple values (food availability, food quality, 
tradition, seed sovereignty, relationship, soil health, clean water, community wellness) that a 
sustainable flint corn production system could bring to the community. 

In-season Soil Temperature and Moisture 

It is hypothesized the ancient Menominee amended the local sandy soils with biochar and aquatic 
sediments to improve the soils’ moisture holding capacity (Overstreet, 2011). Sandy soils that hold 
more moisture require less supplemental water throughout the growing season and are often more 
productive in normal to dry years. Additionally, increasing the soil’s moisture-holding capacity often 
increases the size and activity of the soil microbial population and assists in soil temperature 
modulation. Excessively high, low or fluctuating soil temperatures can have a detrimental impact on 
corn yields and soil microbial communities (Brady and Weil, 2010). 

Soil temperature and moisture measurements were collected each morning during the work week in 
late June through mid-July. For analysis, data for each measurement type and depth were averaged 
over the data collection period. Mean soil temperature and moisture at the measured depths were 
not statistically different across all treatments, varying at most approximately 0.5 degrees C and 1.1 
percent, respectively (Table 2).  

Table 2.  

Mean Soil Temperature and Soil Moisture (June 29-July 21, 2018) by Depth by Treatment in 2018 

Treatment Soil Temperature 
(5.1-cm depth) 

Soil Temperature 
(10.2-cm depth) 

Soil Moisture 
(7.6-cm depth) 

Soil Moisture 
(20.3-cm depth)  

Degrees C Degrees C Percent (%) Percent (%) 
Biochar 23.5ns* 22.2ns 15.3ns 19.2ns 
Fish Emulsion 23.9 22.3 14.9 19.0 
Urea 24.0 22.4 14.2 18.3 
Control 23.5 22.2 15.1 19.0 
p-value 0.23 0.65 0.52 0.31 

*treatments with the same letter are not different at the ά < 0.05 level within columns, ns = not 
significant 

It should be noted the 2018 average July precipitation for the area was 52.8 mm, 46.2 mm below 
normal (US Climate Data, n.d.). Dry conditions, combined with coarse textured soils, potentially 
contributed to little differentiation in soil moisture contents between treatments. 

Soil Fertility 

The ancient Menominee also likely used biochar and aquatic sediments to increase the nutrient 
status of the local soils (Overstreet, 2011). Common soils in the region, under native vegetation, 
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typically have low soil test phosphorus and potassium levels, and variable soil pH levels, depending 
on parent material. Surface (0-15.24 cm) soil organic matter levels vary widely with soil drainage 
class, but average approximately 2.9 percent for soil samples submitted to the UW Soil and Forage 
Lab from Menominee County/Nation (UW Soil and Forage Lab, n.d.). The addition of biochar and 
other natural amendments, such as aquatic sediments, can increase soil pH, soil organic matter and 
the nutrient content and holding capacity of receiving soils (Schulz et al., 2013; Lone et al., 2015). 

Soil Organic Matter 

Total soil organic matter is the fraction of soil consisting of plant or animal residues in various stages 
of decay. Organic matter is added to the soil through the natural incorporation of plant, animal and 
microbial tissues, as well as through the addition of soil amendments, such as composts and 
manure. Soil organic matter promotes nutrient cycling, nutrient and water retention, soil tilth and 
microbial activity (Brady and Weil, 2010). For this reason, increasing soil organic matter levels is 
considered beneficial to soil health and productivity. 

After two years of amendments, total soil organic matter was similar across all treatments, ranging 
from 2.2 to 2.4 percent (Table 3). This was not unexpected, as it often takes several years to detect 
cumulative changes in total soil organic matter levels after altering farming practices (Haynes, 2005).  

Table 3 

Mean Soil Fertility Indicators by Treatment 

Treatment Total Soil Organic Matter Soil pH Bray-1 Phosphorus Bray-1 Potassium  
Percent (%, wt/wt) 

 
ppm ppm 

Biochar 2.2ns* 7.7a 51a 97a 
Fish Emulsion 2.3 6.9b 37ab 42b 
Urea 2.3 7.0b 32b 46ab 
Control 2.4 7.1b 37ab 51ab 
p-value 0.31 0.01 0.01 0.03 

*treatments with the same letter are not different at the ά < 0.05 level within columns, ns = not 
significant 

Soil pH 

Soil pH is a measure of the relative acidity or alkalinity of the soil. Soil pH impacts nutrient availability, 
as well as plant and microbial productivity. The optimal soil pH for corn production in Wisconsin is 
6.0 for mineral soils (Laboski and Peters, 2012). 

Soil pH in all treatments, except for the biochar treatment, were similar (6.9 to 7.1). The soil pH in the 
biochar plot (7.7) was statically higher (more basic) than the other three treatments (Table 3). This 
increase in pH is likely attributable to the known acid neutralizing ability of wood ash (Kopecky et al., 
1995). Wood ash is a weak liming material and is produced in the traditional burn process used in 
this study. As the soil pH in the biochar plots is outside the optimal range for corn (often cited as 
ranging from 5.8 to 6.8), grain yield may be negatively impacted by current and/or further biochar 
additions to the plots.  
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Phosphorus and potassium are essential plant nutrients, required by a plant to grow and produce 
seed. Plants acquire phosphorus and potassium from the weathering of soil minerals, organic matter 
decomposition, and the addition of nutrient containing fertilizers and amendments to the soil.  

In addition to changing soil pH, the biochar amendments also statistically increased the mean soil 
test phosphorus concentration as compared to the urea amendment (51 vs 32 ppm) and the mean 
soil test potassium concentration as compared to the fish emulsion amendment (97 vs 42 ppm) in 
their respective plots (Table 3). This change in fertility was not unexpected, as wood ash, depending 
on source and completeness of the burning process, may contain approximately 1.1 to 2.3 percent 
phosphorus (P2O5 equivalent) and 1.3 to 4.6 percent potassium (K2O equivalent) by weight (Kopecky 
et al., 1995). In addition, biochar has been shown to increase the nutrient holding capacity of a soils, 
potentially leading to increased nutrient availability (Lone et al., 2015).  

It should be noted, that all soil test phosphorus levels were considered sufficient for corn 
production. However, soil test potassium levels were classified as low to very low and likely 
negatively impacted corn yields across all plots (Laboski and Peters, 2012). 

Soil Health 

As soil productivity and ecosystem function are directly impacted by the soil microbial community, 
soil analyses focusing on microbial food sources and microbial activity are used to quantify the 
health of a soil. In this study, active carbon, glucose (sugar)-induced soil respiration and cellulose 
decomposition were used to evaluate treatment-induced changes in soil health. 

Active Soil Carbon 

Soil carbon is often separated into different fractions based upon size or chemical composition, as 
each fraction differentially impacts soil biological, chemical and physical properties. Active soil 
carbon is the fraction of soil carbon easily broken down within the soil over a short period of time 
(months/few years) and serves as an important food and energy source for the soil microbial 
community (Cornell University, 2017). Studies have found active carbon typically responds to crop 
and soil management changes more quickly (often years sooner) than total soil organic matter 
(Haynes, 2005).  

After two years of amendments, there was no significant difference in soil active carbon levels, 
measured as permanganate oxidizable carbon (POxC), between treatments (range 548.0 to 665.0 
mg POxC/kg soil) (Table 4). It is hypothesized with additional years of amendments, the soils in the 
biochar and fish emulsion amended plots may contain higher levels of active carbon than the urea 
amended and control plots due to direct addition of easily decomposable organic matter with the 
treatment applications. 

Table 4   

Mean Soil Health Indicators by Treatment  

Treatment Active Carbon Glucose-induced 
Soil Respiration 

Cellulose 
Decomposition  

mg POxC/kg soil µg CO2/g soil Percent (%) 
Biochar 590.8ns* 13.1c 14.5a 
Fish Emulsion 548.0 18.9a 12.0a 

Soil Test Phosphorus and Potassium
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Urea 665.0 16.3b 5.5b 
Control 650.6 14.9bc 8.6ab 
p-value 0.19 0.002 0.04 

*treatments with the same letter are not different at the ά < 0.05 level within columns, ns = not 
significant 

Glucose-induced Respiration 

Glucose-induced respiration (GIR) measures the potential activity of the soil microbial community 
when energy/food sources are not limited and is used to estimate the total size of the soil microbial 
community (microbial biomass). Soils with higher GIR may have higher rates of organic matter 
decomposition and nutrient cycling (Stenström et al., 1998).  

In this study, soils amended with fish emulsion statistically had the highest GIR overall, as measured 
by carbon dioxide (CO2) generation (18.9 microgram (µg) CO2/g soil) (Table 4). As fish emulsion 
contains both nitrogen and easily decomposable organics, fish emulsion additions may have 
stimulated soil microbial activity and population growth, thereby resulting in a higher GIR than in 
soils receiving amendments that added primarily nitrogen (urea) or organics (biochar). 

Cellulose Decomposition 

Cellulose is a primary component of plant cell walls and is abundant in the natural environment. 
Cellulose decomposition is important in the formation of soil organic matter, as well as the release of 
plant available nutrients from organic residues (Brady and Weil, 2010). Diverse microbial 
populations (bacteria, fungi, actinobacteria, etc.) are involved in the decomposition of cellulose 
within the soil.  

Soil from the biochar and fish emulsion treatments had statistically similar rates of cellulose 
decomposition (14.5 and 12.0 percent) and both had statistically higher decomposition rates 
compared to soils from the urea treatment (5.5 percent) (Table 4). Interestingly, the fish emulsion 
and biochar treated soils had the statistically highest and one of the lowest GIR rates, respectively, 
suggesting microbial population composition, as well as population size is influencing cellulose 
decomposition within the soils tested. Therefore, additional study is warranted to further describe 
soil microbial populations in regard to diversity, function and size. Knowing which general microbial 
populations are present, and to what magnitude, will help further define treatment induced changes 
on soil health and function. 

Conclusions 

The results of the first two years of study on the impact of traditional Menominee soil amendments 
on corn yield and soil productivity suggest the continued addition of biochar and fish emulsion to 
local sandy soils has the potential to beneficially alter soil chemical and biological properties for 
agricultural production.  

It is noted the ancient Menominee would have used riverine sediments rather than fish emulsion as a 
soil amendment. However, blastomycosis, a potentially fatal fungal infection caused by the 
inhalation of Blastomyces dermatitidis spores, is known to occur in the region. Blastomyces 
dermatitidis is commonly found in soils, particularly poorly drained soils, and in decaying organics, 
such as wood or leaves. Therefore, fish emulsion is a safer alternative to riverine sediments, although 
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more expensive compared to some other fertilizers. Biochar, on the other hand, can be readily made 
from downed wood and byproducts from the forest products mill on the Reservation. Its abundance 
and affordability could be helpful to those seeking more dependable and sizable yields of traditional 
food crops from the locally sandy and nutrient poor soils with smaller financial investments. Both fish 
emulsion and locally produced biochar can serve modern needs while aligning with ancient 
traditions.   

Considering the broader implications of increased local, traditionally inspired food production, 
there is the potential for not only increased access to healthy, culturally relevant foods and improved 
community health outcomes, but also expanded economic opportunities for community members 
resulting from increased demand of local food products and/or locally sourced garden inputs. These 
opportunities could include: the sale of raw and/or processed food products from garden 
operations at farmers markets or at-home markets, the local production of fish and/or organic based 
fertilizers from recycled food wastes from the schools, restaurants, casino, or homes, and/or the local 
production of biochar from timber harvest wastes. 

However, while the impacts of biochar and fish emulsion on soil properties and corn production 
were considered positive in this short-term study, additional years of data collection are needed to 
more fully understand the long-term impact of these amendments on soil fertility, soil health, corn 
productivity, and how soil, environmental, and plant factors interact to impact corn yields. 

Future research work will include analyses to more clearly define treatment-induced changes on soil 
microbial community composition and function, soil organic matter fractions, and nutrient cycling. 
Additionally, research plots combining soil amendments (biochar and fish emulsion) and utilizing 
raised beds versus level planting surfaces will better replicate complex ancient Menominee 
gardening techniques and provide increased insight into the impacts these techniques may have on 
agricultural productivity and sustainability in the region today. Once a clearer picture of the 
biological outcomes of these techniques is obtained, the community will evaluate the economic and 
cultural value of these practices, the degree to which the practices are supported by government 
agencies and other institutions, and ultimately, the adaption and adoption of ancient food 
production methods to meet current and future food and wellness goals. 
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Riparian (stream-side) wetlands provide critical links between aquatic and terrestrial 
ecosystems. We examined dynamics of cedar swamps in northern Michigan as a preliminary 
exploration of relationships between species of high ecological and cultural value to the 
Keweenaw Bay Indian Community. Northern white cedar (Thuja occidentalis; Ojibwa: giizhik) 
is one of the four sacred medicines to Anishinaabe peoples. It lives in damp environments 
where its dense foliage can create cool, shady micro-climates that help regulate stream 
temperature. Coldwater streams, in turn, provide critical habitat for brook trout (Salvelinus 
fontinalis; Ojibwa: maazhamegoons), a traditional staple food for Anishinaabe. We compared 
various factors influencing stream temperatures and found canopy cover to be the most tightly 
correlated, although species composition had little effect. 
 
 
Key words: cedar swamp, northern white cedar, riparian wetlands, brook trout, Keweenaw Bay 
Indian Community, Anishinaabe 
 

 

And then there is the next one. The cedar tree, that was another one that was asked, “How will you 
help the Anishinaabe?” Nanabosh asked. “Oh there are a lot of ways I can help the Anishinaabe,” he 
said. “When somebody has a child, when a couple has a child, they will use my wood to make the 
cradleboard,” he said. “I will give him all the love that I have to offer to the child. I shall bestow many 
visions onto him for the duration that he is in the cradleboard. And he shall dream too. The child will 
have healthy bones, have a straight spine, strong and straight bones just be totally healthy if one uses 
the cedar. I have many uses that I can give them, when they want to make medicine from my being a 
tree. When someone is making a canoe that is one use that will be used to make the strips of cedar on 
the bottom when someone makes it. They can make a cedar bark covering for their shelter when they 
want to stay warm during the winter.” That is the one, the cedar bark, that will be utilized for a roof 
covering. And also these trees they will make other things like rice knockers, how it was said. This is 
where it will come from. “There are many ways I can help the Anishinaabe. I shall care for them too” 
(Jones, 2013; pp. 106-107). 

Introduction 

The Anishinaabeg are one of the largest Indigenous groups in North America with nearly 150 
different bands living throughout their homeland in present-day United States and Canada (Benton-
Banai, 1988). Anishinaabeg are often known by various regional names such as Chippewa, Ojibwe 
(or Ojibway/Ojibwa), Odawa (or Ottawa) and Bodewadomi (or Potawatomi). In Anishinaabe 
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teachings, plants represent life. They have spirits as humans and animals do. Plants are relatives who 
have gifts to offer, and humans’ relationships with them should be respectful and reciprocal. Plants 
do not need us, but we need them (Geniusz, 2009; Johnston, 1976; Kimmerer, 2015). 

Giizhik (northern white cedar; Thuja occidentalis) is one of most sacred plants in Anishinaabe culture 
and is one of the four sacred medicines alongside asemaa (tobacco), mashkwadewashk (sage), and 
wiingashk (sweetgrass) (Benton-Banai, 1988; Johnston, 1976). In addition to its utilities described in 
the story above, cedar represents health and the continuity of life and is used for purification of the 
body and spirit (Johnston, 1976). Cedar is omnipresent at ceremonies such as sweat lodges, drum 
circles, and powwows. Its medicinal properties as a tea are helpful in treating coughs, headaches, 
and blood ailments (Danielson, 2002; Dickman & Leefers, 2016; Meeker et al., 1993). Cedar leaves 
are often placed in shoes to ensure safe travels and are hung above doorways to purify homes 
(Benton-Banai, 1988). 

Cedar’s many cultural values appear matched by its ecological values. It belongs to the genus 
Arborvitae, which means “tree of life” in Latin (Barnes & Wagner, 2004; MSU, 2015). Cedar provides 
critical winter cover and food for waawaashkeshi (white-tail deer; Odocoileus virginianus) and other 
animal species. It is a strong, slow-growing tree that is very tolerant of shade and can thrive in 
habitats that are too harsh for many other species, including acidic soils, swamps, and on rocky cliffs 
exposed to wind (Barnes & Wagner, 2004). When toppled by wind (common in wet habitats due to 
shallow root systems), cedar are remarkable survivors; branches respond by growing upright and 
eventually developing their own root systems to continue as individual trees (Barnes & Wagner, 
2004; Danielson, 2002; Kost, 2002; Pregitzer, 1990). 

In the northern Great Lakes region, cedar is most often found in forested wetland habitats commonly 
known as “cedar swamps”. These diverse ecosystems are also known as “northern conifer wetlands 
(Dickmann & Leefers, 2016), “rich conifer swamps” (Kost, 2002), and “lowland swamps” (Pregitzer, 
1990), among other names. Cedar swamps are common along lakeshores and particularly adjacent 
to streams, where they represent an example of a riparian (streamside) wetland community. Because 
streams are found in depressed floodplains, riparian cedar swamps are often fed by cold 
groundwater moving down gradient and at shallow depths relative to the surface (Kost, 2002). The 
constant supply of groundwater, which is typically rich in nutrients, results in high biodiversity and 
rich, peat-accumulating soils across these ecosystems (Kost, 2002; Pregitzer, 1990). Cedar are 
adapted to the seasonally variable hydrologic conditions and are often the dominant tree species, 
creating dense shade that provides cool, damp micro-climate conditions that benefit many other 
species that are adapted to shade and moisture. Mosses, lichens, and liverworts are common in 
cedar swamps, as well as over 30 plant and animal species that are considered rare (Kost, 2002). 

In riparian swamps, cedar provides life-giving functions and services to aquatic species too. The 
shade created by cedar’s dense foliage helps regulate stream temperatures by minimizing heat and 
evaporation from sun exposure (Johnson, 2004; Kost, 2002). One of the primary beneficiary species 
of this cooling effect is maazhamegoons (brook trout; Salvelinus fontinalis). Brook trout are 
coldwater species that require water temperatures below 70° F (Jobling, 1981). Canopy cover is 
critical for keeping stream temperatures below this threshold, maintaining year-round suitable 
habitat, in climate zones characterized by summer temperature extremes such as those of the Great 
Lakes region (Nuhfer et al., 2015). Brook trout also benefit from the habitat structure provided by 
cedar. Streams often undercut banks below cedar trunks and roots, providing valuable cover for 
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brook trout (Anglin & Grossman, 2013; VanDusen et al., 2005). Downed cedar trunks and branches, 
common in riparian settings, create shade and pools of deeper water required by brook trout (Kost, 
2002). Thus, in riparian swamp ecosystems a strong relationship exists between cedar and brook 
trout. 

Of course, relationships between different species have long been recognized and valued by 
Anishinaabe peoples (Danielson, 2002; Geniusz, 2009; Johnston, 1976; Kimmerer, 2015; Wilson, 
2008). Relationships in cedar swamp ecosystems are rich and complex, extending beyond the 
already-cited examples of humans, trees, deer, mosses, fish, and water, which is considered the 
lifeblood of mother earth (Benton-Banai, 1988; Johnston, 1976). Subtle changes to cedar swamps 
could disrupt their natural balance and result in negative ecological and cultural impacts. Well-
established concerns include the effects of climate change, careless timber harvesting, and reduced 
cedar regeneration due to over-browsing by deer (Chimner & Hart, 1996; Comte et al., 2012; Cornet 
et al., 2000; Forester et al., 2009; Kost, 2002; Pregitzer, 1990; Rooney et al., 2002; VanDusen et al., 
2005). Interestingly, damages from over-browsing are largely attributable to unnaturally high deer 
populations from the drastic reduction of an important relative and predator, ma’iingan (gray wolf; 
Canis lupus).  

The mixed-methods research described in this article was exploratory in nature and is intended to 
help better-understand relationships in riparian cedar swamp ecosystems of the northern Great 
Lakes region. The study site was the L’Anse Indian Reservation in Michigan, home of the Keweenaw 
Bay Indian Community (KBIC), focusing on Menge Creek (Figure 1). In this area, riparian cedar 
swamps are common and brook trout are a staple food for Anishinaabe peoples. Brook trout 
stewardship is also a major component of the KBIC Natural Resources Department (KBIC-NRD) 
fisheries program, stocking over 40,000 fingerlings annually in coldwater streams across the 
reservation. With many potential threats to cedar swamp ecosystems, it was important to understand 
as much as possible about relationships and incorporate knowledge from the sciences and 
Indigenous perspectives into stewardship plans. The research team included faculty and students 
from the Environmental Science Department at Keweenaw Bay Ojibwa Community College 
(KBOCC), a KBIC-NRD fisheries biologist, and a KBIC-NRD field fisheries technician. Two 2020 
KBOCC student capstone research projects were linked to this work. Three members of the research 
team were enrolled KBIC Tribal members. 

Our objectives in this preliminary stage of research were to examine relationships between Menge 
Creek water temperature and canopy species composition, canopy density, and groundwater inflow. 
We also conducted a community survey to synthesize community perspectives on the importance of 
brook trout habitat. To truly reflect community-based research, we viewed the survey as an 
important component of the project, especially since previous related work found very deep values 
(and concerns) related to local water and fishery resources (Kozich, 2016; Kozich et al., 2019; Kozich 
et al., 2020). 

As part of an externally funded research project, all protocols were ultimately designed, informed, 
and approved by the KBIC, specifically including the KBIC Tribal Council and the KBOCC 
Institutional Review Board. Applications of this work are intended to support Indigenous knowledge, 
sovereignty, and nation-building. Survey respondents participated willingly and without 
compensation and were informed of our research objectives. Field study sites were treated 
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respectfully. As with all KBOCC community-based research, findings will be shared with all relevant 
community partners, particularly those involved in natural resource stewardship.  

Methods 

Several preliminary steps and assumptions were required with field research methodology to 
measure variables with as much control as possible. We began by accessing topographic data from 
U.S. Geological Survey maps to identify potential locations for at least four sampling plots along 
Menge Creek. We sought a stretch of the stream where all plots would lie between surface water 
confluences, as inflow from tributaries could potentially alter downstream Menge Creek 
temperatures. Next, we sought locations with relatively steep floodplain gradients, assuming that 
adjacent hillsides would result in groundwater seepage into the stream (known as a ‘gaining 
stream’). With these steps we assumed that surface water temperature and groundwater inflow 
would be as consistent as possible across all sample plots. 

Figure 1  

Location of Sampling Plots in Baraga County, Michigan 

 
Note. Plot sizes are not to scale (image modified from www.usgs.gov). 

We identified a 1.5 kilometer stretch of Menge Creek appearing on maps to meet these criteria. 
Upon site inspection we confirmed that the stretch was indeed suitable. Saturated, peat-
accumulating forested wetlands adjoined the stream throughout this stretch, with visual evidence of 
groundwater infiltration to the stream. Anecdotal observations of canopy differences between 
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upstream and downstream portions of this stretch allowed us to establish sampling plot locations 
where we could compare the potential influence of species composition on stream temperature. We 
established plots 1 and 2 as ‘cedar plots’, 200 meters apart; approximately one kilometer 
downstream we established plots 3 and 4 as ‘balsam fir plots’, again 200 meters apart (Figure 1). 
Across sampling locations, typical stream depth ranged from 10 to 40 centimeters, with a width of 2-
3 meters and a discharge of 0.2 m3/second. Throughout this stretch the stream features a sandy 
substrate and numerous pools caused by downed trees.  

We used standard forestry techniques to characterize canopy features at all plots, which entails U.S. 
standard units of measurement. Circular sampling plots were centered at the middle of the stream 
channel with a radius of 37.25 feet, resulting in 0.1 acre plots. Within each plot we identified and 
measured all trees with a DBH (diameter at breast height; approximately 4 feet from the ground) of 1 
inch or greater. This resulted in a dataset of 329 trees across all plots. 

Trees at each plot were sorted into two groups to provide added detail. Those with a DBH of 4 
inches or greater were considered ‘overstory trees’, likely exuding the greatest ecological influence 
on the vicinity. Trees with a DBH between 1 and 4 inches were considered ‘midstory trees’, offering a 
glimpse into likely long-term successional trajectories (i.e., future characteristics) of the forest 
communities. We used a spherical densiometer to assess canopy density at each plot center, 
recorded as percent cover. We also estimated canopy height using a Suunto model 1030 
clinometer. Canopy data collection occurred in August and September 2019. 

We used Onset HOBO model Pro V2 submersible temperature dataloggers to record temperatures 
for the stream, groundwater, and sub-canopy air at the center of each plot. Dataloggers were 
programmed to record temperature readings every two hours. Stream dataloggers were zip-tied to 
bricks and placed at depths ensuring that they would remain submerged throughout the study 
period. Groundwater dataloggers were buried 0.5 meters deep in saturated peat and muck at a 
distance of 4 meters from the stream bank. Air dataloggers were suspended by the nearest suitable 
tree branch to the plot center at a height of approximately 2 meters above the stream. For our 
purposes, air temperature was used as a proxy for the influence of canopy density and its role in 
providing a cooling effect in the vicinity of streams. 

Dataloggers were left in place for 19 days in September 2019. Between the 12 loggers, a total of 
2736 temperature datapoints were recorded and internally stored. After retrieval, dataloggers were 
returned to the KBOCC science lab for data upload using proprietary HOBO hardware and software. 
Analysis was conducted using Microsoft Windows Excel.  

Data allowed us to test two exploratory hypotheses that we formulated based on relevant literature: 
1) stream temperature will be significantly different between cedar dominated plots and balsam fir 
dominated plots; and 2) stream temperature will be more closely correlated to groundwater 
temperature than air temperature. 

To enrich this research, a student assistant conducted a community survey linked to our broad 
objectives. The survey was also part of her capstone research project required to complete the 
KBOCC Environmental Science associate degree program. Survey questions were designed to gain 
insight on community perspectives on the importance of the streams that provide brook trout 
habitat. KBIC Tribal members and descendants age 18 and older were eligible to complete the 
survey, although we did not employ measures to verify that respondents met these requirements (as 
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is the case with much research based on self-reporting). The survey was promoted on various KBIC 
social media outlets and was administered for two weeks in October 2019 using SurveyMonkey.    

Results 

We quantified extensive canopy differences between cedar plots (1 and 2) and balsam fir plots (3 
and 4), as summarized in Table 1. Cedar was the dominant overstory species in plots 1 and 2 in 
terms of density, relative abundance, and size. Gaagaaimizh (eastern hemlock; Tsuga Canadensis) 
and wiinizik (yellow birch; Betula Allegheniensis) were the next-most abundant overstory species in 
these plots, with others in lesser abundance. Six species were present in the midstory, with 
zhaashaagobiimag (mountain maple; Acer spicatum) and zhingobiig (balsam fir; Abies balsamea) 
the most abundant. Measured from plot centers, canopy cover was 78% in plot 1 and 82% in plot 2. 
Photographic evidence supports our observations of generally sparse midstory layers, likely due to 
the influence of the large and abundant overstory cedars (Figure 2). We estimated a canopy height 
of 18-20 meters. 

Plots 3 and 4 featured greater tree density and species diversity than plots 1 and 2 (Table 1). 
Overstories were dominated by balsam fir, with zhiishiigimiiwanzh (red maple; Acer rubrum), yellow 
birch, and other species in lesser abundance. Large cedars were present but less abundant than in 
plots 1 and 2. The most notable difference, however, was the comparatively greater density in the 
midstory layers. Plots 3 and 4 were dominated by dense clusters of small wadoop (tag alder; Alnus 
rugosa), with six additional species present in midstories (Figure 3). Canopy cover was 71% in plot 3 
and 73% in plot 4. Canopy height, aside from the few large cedars, was estimated to be 12-14 
meters, which is notably shorter than plots 1 and 2. 

Table 1  

Forest Canopy Data from Sampling Plots 

Cedar plots (1 and 2) 

Overstory species 
density 
(trees/acre) 

relative 
abundance 

average DBH 
(in.) 

Giizhik (northern white cedar; Thuja 
occidentalis) 110 39% 13.6 
Gaagaaimizh (eastern hemlock; Tsuga 
Canadensis) 60 21% 9.0 
Wiinizik (yellow birch; Betula Allegheniensis) 60 21% 7.1 
Zhingobiig (balsam fir; Abies balsamea) 25 9% 4.5 
Zesegaandag (black spruce; Picea mariana) 25 9% 6.6 
Zhingwaak (eastern white pine; Pinus strobus) 5 1% 6.2 

Midstory species 
density 
(trees/acre) 

relative 
abundance 

average DBH 
(in.) 

Zhaashaagobiimag (mountain maple; Acer 
spicatum) 85 28% 1.6 
Zhingobiig (balsam fir; Abies balsamea) 70 23% 1.8 
Zesegaandag (black spruce; Picea mariana) 50 16% 1.5 
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Gaagaaimizh (eastern hemlock; Tsuga 
Canadensis) 45 15% 2.8 
Wiinizik (yellow birch; Betula Allegheniensis) 45 15% 1.3 
Zhiishiigimiiwanzh (red maple; Acer rubrum) 10 3% 1.5 

Balsam fir plots (3 and 4) 

Overstory species 
density 
(trees/acre) 

relative 
abundance 

average DBH 
(in.) 

Zhingobiig (balsam fir; Abies balsamea) 125 39% 6.5 
Zhiishiigimiiwanzh (red maple; Acer rubrum) 75 23% 8.5 
Wiinizik (yellow birch; Betula Allegheniensis) 35 11% 7.0 
Giizhik (northern white cedar; Thuja 
occidentalis) 30 9% 15.6 
Zesegaandag (black spruce; Picea mariana) 20 6% 5.7 
Gaawaandag (white spruce; Picea glauca) 20 6% 7.3 
Zhingwaak (eastern white pine; Pinus strobus) 10 3% 7.0 
Baapaaggimaak (black ash; Fraxinus nigra) 5 2% 5.1 
Wiisagi-mitigomizh (northern red oak; Quercus 
rubra) 5 2% 10.4 

Midstory species 
density 
(trees/acre) 

relative 
abundance 

average DBH 
(in.) 

Wadoop (tag alder; Alnus rugosa) 440 61% 1.8 
Zhingobiig (balsam fir; Abies balsamea) 95 13% 2.4 
Zhaashaagobiimag (mountain maple; Acer 
spicatum) 55 8% 1.5 
Wiinizik (yellow birch; Betula Allegheniensis) 40 6% 2.0 
Gaawaandag (white spruce; Picea glauca) 25 3% 2.2 
Zhiishiigimiiwanzh (red maple; Acer rubrum) 25 3% 2.5 
Baapaaggimaak (black ash; Fraxinus nigra) 20 3% 1.3 
Zesegaandag (black spruce; Picea mariana) 20 3% 1.8 
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Figure 2  

Photograph of Plot 2 (‘Cedar Plot’). 

 
Note. The large trees on the left of the image are northern white cedar (Thuja occidentalis).  

Figure 3:  

Photograph of Plot 3 (‘Balsam Fir Plot’), 

 
Note. Highlighting the dense midstory layer dominated by tag alder (Alnus rugosa). 
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To test hypothesis 1, we compared the mean daily stream temperature of cedar plots with that of 
balsam fir plots. A t-test showed that there was no significant difference in the mean daily stream 
temperatures between these groups. The hypothesis was not supported, indicating that species 
composition did not significantly affect stream temperature. 

To test hypothesis 2, we conducted correlation analyses in Microsoft Excel to compare the relative 
influence of groundwater temperature and sub-canopy air temperature on stream temperature. We 
ran separate analyses for each of the four sample plots. For three of the plots (1, 2, and 4), air 
temperature was most closely correlated to stream temperature. For plot 3, groundwater 
temperature was most correlated. Therefore hypothesis 2 was supported for plot 3 but not for the 
others. See Table 2. 

Table 2  

Results of Correlation Analyses for Each Plot, with Menge Creek Stream Temperature as the 
Dependent Variable 

Independent 
variable Plot 1 Plot 2 Plot 3 Plot 4 
Groundwater temp 0.558169868 0.532079163 0.940356816 0.685711999 
Sub-canopy air 
temp 0.916676297 0.913995962 0.872534293 0.848355062 

Note. In correlation analyses, the output value will range from 0 (no correlation) to 1 (100% 
correlation). 

The community survey garnered 84 responses from KBIC members and descendants, with 75 from 
residents of Baraga County. Respondents listed several values of local streams (Table 3), with fishing 
as the most cited response (69%). Respondents were also asked about their reasons for stream 
fishing. Sustenance was by far the most cited response (60%), followed by sport (31%) and cultural 
enrichment (19%). Support for the KBIC’s fish-stocking efforts was very high; 92% of respondents 
stated that stocking is either “very important” (75%) or “somewhat important” (17%). Using the same 
scale, 89% of respondents either “strongly agreed” or “somewhat agreed” that human behaviors 
may negatively impact fish habitat in streams. Seventy-three percent were concerned about the 
potential of rising stream temperatures impacting fish populations. 

Table 3  

Top Five Values Associated with Baraga County Streams  

Reason Number of respondents Percent of respondents 
Fishing 58 69% 
Wildlife viewing 50 60% 
Hiking 46 55% 
Swimming 40 48% 
Cultural enrichment 32 39% 

Note. Respondents were allowed to select multiple answers. 

Respondents also shared their observations of changes in local streams over time. Forty-five percent 
of respondents said they had noticed reduced stream depth and 36% reported reduced flow. Thirty-
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five percent stated that the predictability of seasonal patterns in streams have changed over time. 
Changes in water temperature and clarity were noted by 20% of respondents. Regarding changes in 
brook trout, 30% of respondents have observed fewer fish and 20% observed smaller fish. 

Discussion 

This preliminary investigation produced intriguing findings that in some aspects confirm knowledge 
from the literature while in other aspects raises new questions. The following paragraphs elaborate 
on key findings and describe how they will be re-examined in follow-up work. 

We found sample plots 1 and 2 to be very representative of cedar swamps as described in the 
literature (Kost, 2002; MSU, 2015). Cedar was unquestionably the dominant canopy tree species, 
and all other species in the overstory and midstory matched expectations. We also found plentiful 
accumulations of saturated peat and muck and a shallow water table. The presence of groundwater 
feeding the stream was the basis for our hypothesis that groundwater would be correlated to stream 
temperature (Kost, 2002). 

By comparison, the collection of species in plots 3 and 4 reflected riparian wetland communities that 
did not quite match any simplified classifications in the literature. All species we found were typical 
of wetland habitats, although their relative abundance and structural arrangement (i.e., size class 
relationships) indicated a fairly recent disturbance such as logging. For example, balsam fir, the most 
abundant overstory species in these plots, typically plays a less-dominant role in its surroundings. A 
competitive advantage of balsam fir is that it is shade-tolerant and can thrive as an understory 
member below the upper canopy (Barnes & Wagner, 2004). While we found larger individuals of 
other species in plots 3 and 4, balsam fir was by far the most abundant overstory species. The 
presence of tag alder further suggested that a recent disturbance likely happened. Tag alder is not 
shade-tolerant; its requirement of abundant sunlight indicates that canopy openings must have 
existed at the time of its establishment. We found the differences between these plots and the cedar 
plots intriguing to investigate, although we did not find the differences in species composition 
significantly related to stream temperature. Although our research design was simple and 
preliminary, our findings suggest that the shade provided by any type of canopy cover aids in stream 
temperature regulation. We suspected that the dense foliage of cedar could provide greater micro-
climatic properties compared to other species, but findings do not support this hypothesis. 

The findings described above present ideal opportunities for further investigation. For example, we 
documented substantial differences in midstory density between cedar plots and balsam fir plots. In 
cedar plots, foliage was concentrated in the overstory trees and the midstory layer was relatively 
sparse. In balsam fir plots, the midstory layer was comparatively dense, especially in areas featuring 
clusters of small tag alder trees. Possible effects of these structural differences could be examined 
more closely by configuring air temperature dataloggers at varying heights, including above the 
canopy. Our use of one temperature logger below the canopy was simply to assess the effects of 
shade (i.e., percent canopy cover) and might not have been adequate to examine the influence of 
varying canopy features. 

Based on the literature, we were surprised that sub-canopy air temperature was more closely 
correlated than groundwater to stream temperature in three of our four plots (Kost, 2002). A 
possible explanation is that our research occurred in September, when mean daily air temperatures 
in northern Michigan solidly reflect autumn conditions. We are planning to replicate this test during 
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peak summer conditions, and we anticipate that different findings could result. Regardless of the 
outcomes from correlation analyses, however, a direct relationship did exist between groundwater 
temperature and stream temperature, as indicated by correlation coefficients greater than 0.5 in all 
plots. 

A limitation in our research design could be the expectation that water temperatures could vary 
across such a short distance in the same stream. A previous KBOCC student documented significant 
stream temperature differences across a shorter distance, but his study sites were upstream and 
downstream of a golf course, where direct sunlight was presumably able to warm the stream 
(Rodriguez, 2017). Perhaps the absence of significant canopy openings between our sample plots 
precluded the possibility of significant temperature differences. For fully-wooded sites, expansions 
of our research to quantify relationships between canopy, groundwater, and stream temperature will 
involve study plots in multiple streams. 

While cedar was present in all sample plot overstories, it was completely absent in the midstory 
layers. This indicates that deer browsing is likely preventing seedlings from reaching maturity, as has 
been noted in the literature (Barnes & Wagner, 2004; Chimner & Hart, 1996; Cornett et al., 2000; 
Kost, 2002; Rooney et al., 2002). If this trend continues, these valuable forest communities are likely 
to transition over time into communities dominated by other species such as spruces, balsam fir, or 
red maple (Cornett et al., 2000; Kost, 2002). This could already be happening in our plots 3 and 4, 
which were dominated by other species, although we suspect a human disturbance could have 
hastened this process. Based on our preliminary findings, ecological impacts to Menge Creek may 
not be as extreme as we suspected since the species in plots 3 and 4 appear similarly effective at 
maintaining cool stream temperatures. Losses of cedar would certainly impact future generations of 
Anishinaabe peoples, however, considering its immense cultural value. 

Regardless of differences in species composition or other canopy characteristics, we found 
relationships between trees and brook trout habitat intact across all study plots. We documented 
stable and cool stream temperatures, abundant shade, and habitat-creating features such as cut 
banks and debris-induced pools, all of which are important to brook trout. In fact, we observed 
brook trout at various plots while wading in the stream. An important finding from our work is the 
confirmation that in riparian swamps, fisheries management and forest management are 
undoubtably linked, as others have noted (Kost, 2002; Johnson, 2004; VanDusen et al., 2005). 

In addition to increasing our understanding of relationships between various non-human entities, 
through our survey we increased our understanding of relationships between the human community 
and mother earth. Respondents expressed a wide range of values associated with streams and 
noted plentiful concerns about potential negative impacts to them. We only included one question 
involving changes in local streams over time, with respondents observing changes to stream depth, 
flow, temperature, clarity, and the timing of seasonal patterns. These responses indicate that 
valuable insight could be gained by following up the survey research with open-ended interviews. 
This type of insight from community members, representing traditional ecological knowledge, could 
be very valuable to natural resource stewards such as those at the KBIC-NRD. Previous survey 
research in the community found similar sentiment regarding water and fishery resources broadly, 
but our findings expand this knowledge by specifically examining community perspectives on brook 
trout habitat. 

 

366265_Text.indd   43366265_Text.indd   43 3/26/21   10:10 AM3/26/21   10:10 AM



Kozich et al. 

 40 

Conclusion 

In keeping with Indigenous research methodology, all persons involved in this project were from the 
local community and have vested interests in our study sites and our research findings (Wilson, 
2008). Our research team included educators, students, natural resource stewards, and KBIC Tribal 
members. To each of us this research was sacred in our own respective ways, just as our research 
topic is sacred to the community. As this project continues and expands, we will continue seeking 
insight from and sharing findings with the community as we try to better understand complex 
riparian wetland ecosystems and the array of relationships that exist between non-human relatives 
that inhabit them. 
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