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Food Forests:
Human Perception & the Laws of Nature

Benjamin F. Friton
The REED Center for Ecosystem Reintegration

www.TheREEDCenter.org
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Hyper-Localized; Perennialized; Densified; Resilient 
Agro-ecoystsems

Homeland Security & Human Health
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Web3.0 Tools for Indigenous Food 
Sovereignty

Troy Wiipongwii, PhD, MPP

Global Research Institute, William 
& Mary

Institute for Integrative 
Conservation, William & Mary

ttwiipongwii@wm.edu



Intelligent Indigenous Food 
Sovereignty Software



1. How many people can be fed a healthy diet from food produced 
on tribal lands in Maryland, Virginia, and North Carolina?

2. Where can this food be produced sustainably?

3. How much agricultural resources will be needed (land, fertilizer 
nutrients, pest management, and irrigation water)?

Zach Conrad, PhD, 
MPH

zsconrad@wm.edu

Matthias Leu, PhD

mleu@wm.edu





1. Beyond subsistence, what are 
the revenue goals of the tribal 
community?

2. How does leadership make 
decisions?

3. How should data be protected?

4. Which farming practices should 
be included for modeling?

5. Should the software be a pure 
planning tool or also real-time 
decision-support tool?

More Considerations





Web3.0



Web 3.0

“...Where Web 2.0 was driven by the advent of mobile, social and cloud, Web 

3.0 is built largely on three new layers of technological innovation: edge 

computing, decentralised data networks and artificial intelligence.” - Fabric 

Ventures



Where Cloud Alone Fails

- By 2025 75% of data will need to be processed out of the 

cloud environment due to data being generated by IoT 

devices

- Security 

- Speed

- Cost

Retrieved from: https://www.orientsoftware.com/blog/edge-computing-vs-cloud-
computing/



Distributed data systems / Blockchain
To allow digital information to be recorded, distributed, and accessed without being tampered with.

● What information can recorded?

● Who wants what information recorded?

● Who can record the information?

● How is data recorded?

● How is data stored and distributed?

● How is data accessed?

● Who can access the information? 



Artificial Intelligence
“Artificial intelligence (AI) is a set of technologies that enable computers to perform a 

variety of advanced functions, including the ability to see, understand and translate spoken 

and written language, analyze data, make recommendations, and more.” - Google Cloud

Different ways of classifying AI:

1. ML

2. NLP

3. Vision

4. Expert Systems

5. Speech

6. Planning

7. Robotics

https://cloud.google.com/vision#section-8
https://cloud.google.com/speech-to-text
https://cloud.google.com/speech-to-text
https://cloud.google.com/vertex-ai
https://mitsloan.mit.edu/ideas-made-to-matter/machine-learning-explained
https://www.ibm.com/topics/natural-language-processing#:~:text=the%20next%20step-,What%20is%20natural%20language%20processing%3F,same%20way%20human%20beings%20can.
https://www.geeksforgeeks.org/expert-systems/
https://planning.wiki/guide/whatis/aip


Web 3.0 and Food Forests
- Indigenous Data Sovereignty

- Optimizing the configuration 

of the forest

- Monitoring of complex 

interactions within the 

ecosystem

- Biodiversity monitoring

- Human capital costs for 

harvesting

- Mechanizing permaculture 

harvests Retrieved from: https://www.aftaweb.org/about/afta/136-2018-vol-
24/2018-vol-24-no-1/231-food-forests-in-the-american-southwest.html



The Software Proof of 
Concept



Registration and Blockchain

1. The access code is derived from elements 
of public-private key, tribal affiliation, and 
community role. This establishes access 
controls to specific tribal data.



Preliminary Input and Edge Computing

1. Tribal geospatial data, demographic information, climate 

conditions, etc. will be accessed from tribal repositories to 

convert this data into appropriate output

2. As an initial consultation the data and computing process are 

very manageable. As the tool moves from preliminary 

consultation to precision agriculture the need for edge 

computing becomes near mandatory



AI and Output



Forest Service
Research on 

Indigenous Food 
Sovereignty

Presentation to Food Sovereignty 
Subcommittee of the Native 

American Working Group

Jonathan W. Long and Frank K. 
Lake

USDA Forest Service
Pacific Southwest Research 

Station

Credit: Frank Lake Credit: Colleen Rossier



❖Partnering with tribal-serving 
organizations on projects to reimagine 
federal food and agriculture programs 
from an Indigenous perspective and 
inform future USDA programs and 
policies.

❖Videos and Guides: Foraging, Harvesting, 
and Cooking Indigenous and Wild Plants

❖Producer Handbook: Transitioning from 
Cattle to Bison

❖USDA Native American Working Group 
Food Sovereignty Subcommittee

❖ Coordinated by Jeffrey.Harris@usda.gov

mailto:Jeffrey.Harris@usda.gov


Climate Change Research 
on Traditional Tribal Food 
Species

• Identifying how species important to Tribes may 
be detrimentally impacted by climate change

• Many species important to Tribes do not 
necessarily rank as highly vulnerable to climate 
change

• Many Native Americans report insufficient access 
to traditional foods

• Recent degraded conditions are not an 
appropriate baseline

• Need to understand ecological and social-
institutional barriers to food sovereignty

Paiute Tribal pinyon harvesting, 1912, Library of Congress

References

Lynn, Kathy; Daigle, John; Hoffman, Jennie; Lake, Frank; Michelle, Natalie; 

Ranco, Darren; Viles, Carson; Voggesser, Garrit; Williams, Paul. 2013. The 

impacts of climate change on tribal traditional foods

Long, Jonathan W.; Lake, Frank K.. 2018. Escaping social-ecological traps 

through tribal stewardship on national forest lands in the Pacific Northwest, 

United States of America

https://www.fs.usda.gov/treesearch/pubs/46165
https://www.fs.usda.gov/treesearch/pubs/46165
https://www.fs.usda.gov/treesearch/pubs/56221
https://www.fs.usda.gov/treesearch/pubs/56221
https://www.fs.usda.gov/treesearch/pubs/56221


Degradation resulting 
from lack of stewardship 
has created vulnerable 

forest conditions

• Fire and stewardship exclusion—extreme 
wildfires killing mature forest food trees

• Proliferation of ungulates such as deer 
and elk

• Insect pests and diseases (e.g., chestnut 
blight, emerald ash borer, etc.)

Oregon white oak overtopped by conifers

California black oak overtopped by conifers



Examples of forest restoration to enhance acorn production

• Restore shade-
intolerant plant 
communities that 
have declined

• Curtail acorn weevils 
and worms

• Attenuate effects of 
future wildfires and 
support cultural 
burning

• Conserve habitat for 
old-forest wildlife

Margaret Baty with acorn 

harvest, Big Sandy 

Rancheria, 1925
Restoring California black oak 

technical report (PSW-GTR-252)



Indiana Summit RNA
Collaboration involving 
Traditional Food

• Paiute practitioners long harvested 
pandora moth larvae as traditional food 
source, using trenches around large Jeffrey 
pine trees

• Study found that the stewardship practices 
afforded protection to the trees from fire 
damage

• Slaton et al. 2019. Traditional Ecological 
Knowledge Used in Forest Restoration 
Benefits Natural and Cultural Resources: 
The Intersection between Pandora Moths, 
Jeffrey Pine, People, and Fire. Natural Areas 
Journal.

Credit Michele Slaton et al. 2019



Food Sovereignty Collaborative Research
Karuk, Yurok, and Klamath Tribes,
UC Berkeley, USFS PSWRS

• Used a community-based participatory research (CBPR) approach

• “The partnership’s shared goal was to enhance tribal health and 
food security and food sovereignty in the Klamath River Basin by 
building a healthy, sustainable, and culturally relevant food system.”

• Supported by the USDA-National Institute of Food and Agriculture-
Agriculture and Food Research Initiative Food Security Grant

• “our work aligns with emergent concepts of Indigenous food 
sovereignty, which emphasize decolonization, self-determination, 
and the inclusion of hunting, fishing, and gathering, as well as 
cultural and spiritual relations of exchange.”

• Citation: Sowerwine, Jennifer ; Sarna-Wojcicki, Daniel ; Mucioki, 
Megan ; Hillman, Lisa ; Lake, Frank ; Friedman, Edith. 
2019. Enhancing food sovereignty: A five-year collaborative tribal-
university research and extension project in California and Oregon

https://www.fs.usda.gov/treesearch/pubs/59240
https://www.fs.usda.gov/treesearch/pubs/59240


Program Activities
• Integrated Native Foods and food sovereignty into food 

security research 

• Developed Karuk Tribe K-12 Native American Food Security 
curriculum 

• Established Karuk and Yurok Tribal herbaria 

• Established the Píkyav Field Institute: a Tribally Led Academic 
and Vocational Education, Training, and Research Institute 

• Integrated cultural values Into extension, including Native food 
workshops 

• Supported native foods and fire Ecology research

• Examples of research publications
• Tanoak: Halpern et al. 2022. Prescribed fire reduces insect infestation 

in Karuk and Yurok acorn resource systems, Forest Ecology and 
Management

• Hazelnut: Marks-Block et al. 2021. Revitalized Karuk and Yurok cultural 
burning to enhance California hazelnut for basketweaving in 
northwestern California, USA, Fire Ecology.



Cherokee and 
Chestnut 
Restoration

• The Eastern Band of Cherokee Indians (EBCI) is 
engaging with multiple partners to restore ᏘᎵ, 
Tilĭ΄, American chestnut, to the Qualla Boundary. 

• ECBI citizens value restoring chestnut as a food 
source, for both humans and wildlife.

• USFS Southern Research Station is exploring 
relationships between the American Chestnut and 
Tribal Communities in North Carolina

• Contacts: Michelle Baumflek Southern Research 
Station, Tommy Cabe SRS & EBCI, Jaime Van 
Leuven, ORISE)

Photos: Jaime Van Leuven



Voices from Maple Nation Summit

• Sugar maple (Acer saccharum) is an ecological and cultural keystone species in 
the region: 

• Maple figures large in Indigenous stories and ceremonies, while maple syrup and 
sugar are important foods after the long, hungry months of winter.

• “Some food and medicine plants some are becoming increasingly hard to find 
when and/or where they are needed.”

• “These and other changes pose fundamental threats to food and health security, 
as well as Indigenous cultures.”

https://www.fs.usda.gov/research/treesearch/59171 (includes video)

https://www.fs.usda.gov/research/treesearch/59171


U.S. Forest Service /  Northern Research Station USDA is an equal opportunity provider, employer, and lender.

Memorandum of Understanding

Tribal – USDA Forest Service Relations on 
National Forest Lands within the Ceded 
Territory in Treaties of 1836, 1837, and 

1842

Jennifer Ballinger, Tribal Relations Specialist - Northern Research Station & Forest Products Laboratory 



U.S. Forest Service /  Northern Research Station USDA is an equal opportunity provider, employer, and lender.

Implements off-
reservation treaty rights 
under tribal regulations

Establishes the 
consultation process for 
management decisions 
that affect treaty rights

Photo credit: GLIFWC



U.S. Forest Service /  Northern Research Station USDA is an equal opportunity provider, employer, and lender.



U.S. Forest Service /  Northern Research Station USDA is an equal opportunity provider, employer, and lender.

Photo credit: GLIFWC
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U.S. Forest Service /  Northern Research Station USDA is an equal opportunity provider, employer, and lender.



Monitoring of Trees that Provide Culturally 
Important Food

• The Forest Inventory and Analysis 
research program (FIA) 

• Collects data on tree species size and 
health, forest area and location, 
ownership, tree growth and mortality

• Plots sampled repeatedly every 5-10 years, 
across all lands 

• 1 plot every 6000 acres

• Provides analysis and reports, e.g.

• Pinyon, Sugar Maple, ‘Ohi’a lehua

• Conducts research supporting inventory 
and interpretation, e.g. pine nuts

Rachel Riemann, U.S. Forest Service



Sugar maple stand. Photo by Christie L. Kurtz, used with permission.



• The potential for a forest stand to be utilized as a sugar 

bush for the production of syrup was based on the size and 

number of sugar maple trees in the stand. 

• Suitable sugar bushes were those that currently meet 

criteria4 and potential stands are those that with growth 

and management will meet these criteria in ten years or 

less. 

In 2002 GLIFWC staff, working with elders 

from member tribes, identified a number of 

potential sugarbushes on national forest lands 

in the ceded territories in addition to stands on 

tribal lands (Danielsen 2002a). This extends 

opportunities for sugaring off reservation lands. 

Sugar bush

• Analysis of suitable and future sugar 
bush by public vs. private ownership

• Definition of sugar bush used was 
identified from tribal sources through 
collaborative discussion

• Public ownerships within Ceded 
Territories represent opportunities for 
potential sugar camp sites.  



New Mexico

Pinyon

Area of pinyon/juniper forest type, by age-class groups that reflect the varying seed 
productivity levels, New Mexico 2008-2012.

begins producing seeds

seeds in sufficient 
quantities to harvest

maximum production at about 
160 years old and continuing until 
roughly 300 years old



Research on pinyon cone productivity

In 2021, started collecting cone 
productivity data to identify areas 
that are currently or have recently 
produced a seed crop.

Because Pinyon tend to mast 
every 3-7 years, this info would 
help native peoples know with 
some certainty where not to look 
for good seed production in a 
given year, as stands rarely mast 
two years in a row.



Flower, foliage, 
roots used in 
herbal medicine

Fronds and inner 
core used as 
starchy food.  Also 
medicine.

Leaves used to wrap food for 
cooking in imu, traditional 
underground steam ovens.

medicine

food

Estimated number of tree stems (>=1” d.b.h.) by forest land status                    
(e) = endemic, (p) = Polynesian-introduced species

FIA also tracks pests and diseases affecting 
forest species, such as the two fungal species 
which cause rapid ‘Ohi’a death (ROD), a forest 
disease driving extensive and rapid tree 
mortality.   















Tribal 
Input

Land Manager 
Recommendations

Tribal 
Input

Implementation 

& Monitoring

Scientific 
Data

Tribal Input Leads

Decision-Making

• Grove Selection

• Restoration Actions

• Public Information & 

Messaging

• Etc. 







U.S. Forest Service /  Northern Research Station

USDA is an equal opportunity provider, employer, and lender.

Questions and Answers Period

•Evaluation: https://forms.gle/YQVQDAdm5Th
Mirya8

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fforms.gle%2FYQVQDAdm5ThMirya8&data=05%7C01%7CGogal.Danny%40epa.gov%7C7c3970fe4aaf4794dbd108dba7fd22d7%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638288477903465732%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=NwHybqU9K7AwMf3ytD%2BMX2Fu5sQ4Taw7Zyjxa%2Fm3Cng%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fforms.gle%2FYQVQDAdm5ThMirya8&data=05%7C01%7CGogal.Danny%40epa.gov%7C7c3970fe4aaf4794dbd108dba7fd22d7%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638288477903465732%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=NwHybqU9K7AwMf3ytD%2BMX2Fu5sQ4Taw7Zyjxa%2Fm3Cng%3D&reserved=0


U.S. Forest Service /  Northern Research Station

USDA is an equal opportunity provider, employer, and lender.
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Nanebah Lyndon, Tribal Relations Staff Officer, Kaibab 
National Forest, U.S. Forest Service, 
nanebah.nezlyndon@usda.gov

Vincent Randall, Apache Culture Director, Yavapai-
Apache Nation, vrandall@yan-tribe.org
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Northern Research Station, Forest Inventory and Analysis
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Office of Environmental Justice and External Civil Rights, 
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Office of Community Support, Office of Environmental 
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