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A NOTE FROM THE AUTHORS



Indigenous Peoples across Turtle Island share a worldview that recognizes the interconnectedness of all life. This mindset requires reciprocity, a give-and-take relationship that results in balance and stability. Entering into this type of relationship involves responsibility, since we become responsible for the welfare of all those we live with—our relatives. This system of reciprocity, responsibility, and relationship worked well for the inhabitants of Turtle Island for many millennia, allowing them to thrive.


Upon colonial contact, non-Indigenous people would not have likely survived in North America without the knowledge, traditional technologies, and help of Indigenous Peoples. But with contact came unthinkable, continuous threats to the Indigenous population. This prolonged period of persecution and strife proved the resilience of Indigenous Peoples as they adapted to an altered environment. Today, our environment is dramatically changing once again. Our vision for Indigenous Ingenuity is to celebrate traditional North American Indigenous innovation in science, technology, engineering, and math, and to embrace the mindset of reciprocity, responsibility, and relationship. This book is an invitation to honor our past, our present, and to build a better future for us all.
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LANGUAGE RECOGNITION



A NOTE ON THE NAME “AZTEC”


Historically the “Aztecs” called themselves “Mexica” in their Nahuatl language. But since the name Aztec is widely recognized and used in both popular and scholarly literature, this book continues to adopt that use. However, it is important to recognize that contemporary descendants still use the term “Mexica” when referring to themselves. This book introduces many Nahuatl words. All Nahuatl spellings come from the Online Nahuatl Dictionary.


A NOTE ON THE USE OF INUIT WORDS


This book also introduces many Inuit words taken from the Inuktut language, a term used to refer to the Inuit language, including all dialects and writing systems such as Inuktitut. Inuktut spellings throughout are courtesy of Hadlari Consulting.
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INTRODUCTION



IT’S A TURTLE!


Turtle Island is the name many Indigenous Peoples use to refer to North America. Extending from the Arctic regions through Canada, the United States of America, and down into Mesoamerica, this abundant and eco-diverse landmass is surprisingly shaped like a turtle. Mesoamerica makes up the strong, sturdy tail of Turtle Island. This area includes the present-day nations of Mexico, Guatemala, and Belize; part of El Salvador and Honduras also fall within this area. The Indigenous Peoples of Mesoamerica have a long history of interconnectedness with Indigenous Peoples farther north. Because of these cross-cultural interactions, and despite the distance between these groups, they share many cultural ties. Therefore, we cannot celebrate Indigenous Ingenuity without including Mesoamerica’s valuable contributions.


The name Turtle Island is not new. This concept existed long before Canada, the United States, Mexico, El Salvador, Guatemala, and Belize became nations. For instance, the Maya created numerous stone altars in the shape of turtles, at the southern end of Chichén Itzá a large, circular “turtle platform” can be found, and a Maya ceramic vase shows the Maya maize god emerging from a turtle-shell earth.


Farther north, the designation of Turtle Island has been handed down through hundreds of generations from the people of the Haudenosaunee Confederacy, a group of democratic Indigenous nations living in the Northeast Woodlands near the Great Lakes. The Haudenosaunee tell the story of Sky Woman, who fell from the sky and landed on the back of a great turtle. Animals soon helped the woman by diving into the ocean and collecting mud, which was placed on the turtle’s back, creating a beautiful land for the woman to live upon. After Sky Woman gave birth to humankind, the turtle became home to many different people.




The Haudenosaunee Confederacy was North America’s first democracy, originally consisting of the Mohawk, Seneca, Cayuga, Oneida, and Onandaga Nations. Its Great Law of Peace, containing 117 articles outlining people’s rights and leaders’ responsibilities, was used as a model for the Constitution of the United States.





How long have people lived in North America? A very long time. People lived on this continent at least thirteen thousand years ago, when megafauna like the mastodon and giant beaver roamed the land. But more archaeological evidence emerges all the time indicating that Indigenous Peoples may have arrived in North America thousands of years before that. They have lived on Turtle Island for so long that they don’t remember a time when they were not here. Instead of using an arrival date to mark their presence on this land, they simply prefer to say that they have been here since time immemorial.
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The landmass of North America, shaped like a turtle.








Some of these people formed bands, then villages, and eventually created cities bigger than those in Europe. Over the centuries, different Indigenous civilizations emerged and dissolved across North America. But the people remained, developing into distinctive cultural groups and nations.
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Map of Indigenous Peoples’ cultural areas across the continent. See here for a labeled, larger map.








Sky Woman and the birth of humankind is an Indigenous origin story and a sacred part of the Oral Traditions of the Haudenosaunee. Oral Traditions include the verbal transmission of stories, knowledge, teachings, and ideas carried out, generation to generation, to sustain culture and history. Today, the Indigenous population across Turtle Island is estimated to be twenty-five million people. These individuals make up over one thousand Indigenous nations. Each one is diverse with its own language, culture, Oral Traditions, as well as its own Traditional Knowledge. But despite their many differences, Indigenous Peoples also share much in common. After all, they have lived together on Turtle Island for many millennia, trading and learning from one another.



TRADITIONAL KNOWLEDGE AND TECHNOLOGY—STEM



Traditional Knowledge is an Indigenous term that encompasses all forms of established information, including Oral Traditions. The portion of Traditional Knowledge that this book explores includes an Indigenous nation’s accumulated and stored understanding of the natural world and those inventions and discoveries that helped the people live in this world.


Today, we refer to this type of knowledge as STEM, which is an acronym for science, technology, engineering, and mathematics. The wealth of information that Indigenous Peoples have collected over time consists of teachings and instructions that touch upon virtually all areas of life. So there’s no way a single book could capture all this content in depth.


Indigenous Ingenuity provides a fun and fascinating introduction to the many areas of Traditional Knowledge that Indigenous North Americans acquired in the precontact era, which began in 1492 when the Taino of the Caribbean made fitst contact with Columbus. Such knowledge includes transportation, communications, agriculture, food processing, health science, clothing, architecture, tools and weapons, math, astronomy, and even chemistry and metallurgy.


ALL MY RELATIONS


Indigenous Peoples are not opposed to technology. After all, they created a lot of it! They are, however, mindful about technology’s impact on all their relatives—including Tree, Beaver, or Water, for example. How Indigenous people live with nature and learn from nature forms their ways of being. In this sense, nature is home. Home is Turtle Island. And all living things are relations deeply worthy of respect. Therefore, when you hear Indigenous people refer to “all my relations,” they are speaking about the natural world they live in and with. They may ask questions like “How does this technology affect my relative the Tree?” or “Is there a more efficient way to use this technology so that it does not harm my relative the Beaver?”




Can you name a relative who is not a person but whom you feel a deep connection with?





ELDERS, KNOWLEDGE KEEPERS, AND WAYS OF KNOWING


How did Indigenous Peoples transfer all their valuable knowledge to future generations? Today, young people primarily receive education at school. But originally, on Turtle Island, most children were taught by parents, Elders, and Knowledge Keepers through methods often referred to as ways of knowing. Traditional ways of knowing include learning from oral storytelling, learning directly from Elders and Knowledge Keepers, learning through hands-on practice, learning from direct observation, and learning through songs, dances, ceremonies, even through dreams.




Have you ever learned something about your environment through a dream? Can you imagine learning how to build something based on a song?





It is through these methods, or ways of knowing, that information is stored, memorized, taught, and handed down to the next generation. The transmission of Traditional Knowledge continued on Turtle Island for thousands of years, growing and maturing through different ways of knowing, constantly adapting to a changing world and enriching the lives of Indigenous Peoples. All this valuable stored knowledge helped communities to better understand, utilize, and thrive among the resources they lived in and loved.


Indigenous Peoples built boats, calculators, sun protection, and suspension bridges. They studied astronomy and aerodynamics, invented camouflage, compasses, communication methods, food-preservation techniques, pharmaceuticals, and yes, even whoopee cushions! These are just a few of the many inventions and technical skills that Indigenous Peoples across Turtle Island developed long before European contact.


BREAKS IN KNOWLEDGE AND TECHNOLOGY


Indigenous Knowledge increased until the connection from one generation to the next was violently derailed by European peoples. With the arrival of explorers, traders, soldiers, and colonists from Spain, France, Russia, the Netherlands, and Britain, Indigenous ways of knowing suffered constant and devastating interruptions through disease, war, forced removal from traditional territories, starvation, loss of trading routes, and later, the establishment of government-controlled reservations and numerous residential schools—schools that were built to destroy Indigenous Knowledge by forcing both cultural and linguistic assimilation upon Indigenous children.
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Courtesy of the United Church of Canada Archives


Girls from Cree and Saulteaux communities in the dining room at the Brandon Indian Residential School in southwestern Manitoba, Canada, 1960. This school operated from 1895 to 1972.
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National Archives (photo no. 75-IP-1-4A)


Sioux boys as dressed on arrival at the Carlisle Indian Industrial School, Pennsylvania, 1879.








Indigenous children were forced to change their religion, their language, their hairstyles and clothing, but most important, their contact with parents and grandparents was severely restricted. All this was done with the hope that children would completely disconnect from their culture and people, allowing for European culture to take hold.




“Our hearts are sad for we cannot think of sending our children away, such a long distance from their people and their homes.… We love our children like the white man and are pleased to have them near us.” —Nah-Wee-Kee-Sick-Qauh-Yash, Chief of Saulteaux, August 12, 1891





As new nations formed across Turtle Island, many long-honored transfers of knowledge came to an end as Knowledge Keepers died without having the opportunity to pass on information accumulated over hundreds and thousands of years. Countless songs, stories, traditions, and technologies were lost because of historic oppression. Thankfully, Indigenous Knowledge was never completely eradicated.


TRADITIONAL KNOWLEDGE: HIDING IN PLAIN SIGHT


Exchanges between the people of Turtle Island and European settlers started soon after their first contact. These trades included both material goods and Traditional Knowledge. In fact, so much knowledge was transferred to Europeans, who were eager to learn, that many Indigenous technologies now enhance our everyday lives, whether you can recognize them or not. Today, we enjoy the sweet taste of maple sugar thanks to Indigenous Peoples like the Ojibwe, Algonquin, Mi’kmaq, Penobscot, and the Abenaki. We explore nature from inside our kayaks thanks to Inuit ingenuity. And we marvel at the knowledge of Maya astronomers, while our medical researchers use obsidian scalpels first pioneered by Maya surgeons.


So much Traditional Knowledge is hiding in plain sight that it has become vital to dig deeper into cultural history to give thanks to the people behind our favorite inventions. For instance, by acknowledging those Indigenous nations that invented the processing of maple sugar, we’re learning to say: “We see you, we appreciate you, and we are thankful for your amazing contribution to this world.” STEM scholarship often overlooks Indigenous Peoples and their contributions. Instead, let us affirm and celebrate their ingenuity!



TRADITIONAL KNOWLEDGE: JUST PLAIN HIDING



As Indigenous Peoples were forced onto reservations, into residential schools, and placed under new laws banning their traditions, Indigenous Elders across Turtle Island preserved Traditional Knowledge by simply hiding it. Teachings, songs, stories, and dances were practiced in secret. Elders passed on the information contained in their traditions to children, grandchildren, and great-grandchildren—all undetected by government authorities. Numerous Indigenous languages and traditions were saved this way. Cultural practices were secretly stored in the minds of Indigenous children until it became safe to resume transmitting Traditional Knowledge. Today, Indigenous Peoples throughout Turtle Island are reconnecting with their heritage—which includes innovative Traditional Knowledge—thanks to the dedicated work of Elders and the children who learned from them.


OUR FUTURE TOGETHER


Traditional Knowledge contains a rich scientific legacy, one that has contributed enormously to our comfortable, industrialized life. Contemporary researchers, scientists, and ecologists are looking to learn from Indigenous Elders so that everyone on Turtle Island may thrive while living in better harmony with “all our relations.” It has never been more urgent for all inhabitants of Turtle Island to come together and build a mutually respectful and healthier future. A future in which we all get to contribute and be acknowledged in our tapestry of scientific knowledge.















CHAPTER ONE
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SUSTAINABLE LAND MANAGEMENT AND ECOLOGY


Ecology is the science of studying the complex relationships between living things and our environment. This field is particularly concerned with learning how humans can live in a way that is sustainable and which preserves planet Earth for future generations of people and other organisms. Although it is a popular subject today, amazingly, in Eurocentric history, the word “ecology” wasn’t even “invented” until 1866, by German zoologist Ernst Haeckel. However, the notion of ecology has been an important part of Indigenous culture for thousands of years. Indigenous Traditional Ecological Knowledge incorporates many concepts of sustainability that are only now being adopted by the rest of the world, which is finally waking up to the fact that our planet is not a bottomless well from which to draw resources.


For example, people of the Tsleil-Waututh Nation, in what is now British Columbia, created a sustainable fishery that operated for thousands of years by setting wickerwork traps that caught migrating salmon alive. That way the fishers could examine their catch and separate the live males from the live females. Tsleil-Waututh fishers did not eat the females because they knew that they contained the eggs of the next generation of salmon. Instead, they released them so that they could continue migrating up the river to spawn. Tsleil-Waututh fishers also released enough males to fertilize the eggs of those females. They kept the remaining males for food. This way, they made sure that all their descendants would always have enough salmon to eat.


Similarly, the Ojibwe in what is now Minnesota would not take all the wild rice growing in a marsh or waterway. Instead, Elders relying on Traditional Knowledge monitored the harvest and halted it at a certain point to ensure that enough mature grains were left behind to reseed the area so that it could be harvested again the following year, and every year after that. The members of the Haudenosaunee Confederacy, as well as other Indigenous Peoples, avoided the practice of tilling the soil, thus lessening erosion and nutrient loss. Indigenous Peoples of the Northwest Coast, such as the Squamish and the Haida, learned how to harvest sections of cedar trees so that instead of cutting the whole tree down and killing it, they took only enough bark or wood to make what they needed. This meant that the tree could continue growing for many more years, ensuring that the benefits it provided would always be available.


Dwindling natural resources and climate change are urgent concerns today—especially for young people who will inherit the planet. Without a natural environment to sustain us, technology becomes irrelevant. Everything becomes irrelevant. As such, we will begin our journey into Indigenous STEM by looking at how Traditional Knowledge helped maintain a sustainable lifestyle for the people of Turtle Island.



MENDING A MISCONCEPTION



But first we must correct a popular misconception. For centuries, non-Indigenous people believed that North America was a sparsely populated wilderness when Europeans first arrived. This notion was reinforced by romantic writers of the nineteenth century, such as Henry Wadsworth Longfellow, who described an earlier America as a “forest primeval.” In fact, early European accounts of eastern regions of North America, made in the 1500s and 1600s, confirm that the landscape looked more like parkland, not wilderness.


For example, English explorer John Smith, who was famous for his dubious claim that his life was saved by Pocahontas—a member of the Powhatan Chiefdom whose own life story has been misrepresented many times in popular culture, including a Disney movie—said in the early 1600s that there was so much space between the trees in the forests of Virginia that he could ride his horse through the woods at a full gallop.


In the 1650s, a Dutch settler named Adriaen Van der Donck, who lived in what is now New York state and liked to spend time visiting with the Haudenosaunee, wrote about their practice of setting large fires in the forest. He described the infernos as having a “sublime appearance” and said they “appear grand at night from the passing vessels in the river, when the woods are burning on both sides of the same.” What he witnessed was something known as cultural burning, an ecologically ingenious practice. When the Haudenosaunee burned old grass, dead weeds, and bushes, the nutrients were quickly returned to the earth. This encouraged new growth of tender, young plants that fed grazing deer, which, in turn, provided them with an important source of animal protein. Van der Donck also noted that ridding the forest of dry, crackling underbrush allowed hunters to move through the woods without making noise that would scare away game.


Careful land management was practiced elsewhere on Turtle Island too. In 1540, Spanish conquistador Hernando de Soto led an expedition in search of gold through what is now the American Southeast, including Georgia and the Carolinas. One of his expedition members wrote that the country was “thickly settled in numerous and large towns with fields extending from one to another.… In the woods were many [plums]… and wild grapes.”


This was not the virgin wilderness that later European colonists describe. All evidence suggests that the Indigenous Peoples of Turtle Island were skilled land managers and that when Europeans arrived, North America was already home to a large, thriving population that, for the most part, had been maintaining a harmonious relationship with the environment for thousands of years.


And they would have continued to do so. But then disaster struck. Without realizing it, early European explorers and settlers sailed to Turtle Island with a lethal weapon far deadlier than pistols, muskets, or canons: germs. For centuries, Europeans had been in contact with so many communicable diseases such as measles, typhus, cholera, and influenza that they were at least partially immune to them. Indigenous Peoples, on the other hand, had never been exposed to any of these microorganisms. So unlike Europeans, they had little or no immunity. The outcome was devastating.


The diseases from Europe, particularly smallpox, quickly spread through North America, often reaching Indigenous communities far in advance of the Europeans themselves.


We can’t know for certain what the Indigenous populations were in North America at the time of first European contact in 1492. The lower estimates suggest at least eight million Turtle Islanders. That is still a very significant number, considering that at the time, the entire population of England was only about three million. Other estimates place the population as high as 112 million. That is more people than are now living in the states of Texas, California, Florida, and New York, combined. What we can be sure of is that, tragically, those infectious diseases killed huge numbers of people. The casualties may have been as many as 95 percent of the Indigenous population.




If pandemics like the ones that swept through Turtle Island affected a class of twenty students, that means only one or two would survive. How quickly might your own community fall apart if nine out of every ten people disappeared at once?





Regardless of the number of Indigenous Peoples living on Turtle Island in the precontact era, the fact is that they had already reshaped the landscape to support their way of life. Nations such as the Hohokam had built extensive irrigation systems through the deserts of what is now Arizona. The Haudenosaunee and other nations had cleared millions of acres to grow crops like corn, squash, and beans. They had skillfully groomed forests to attract and support game like rabbits, deer, and even bison, which once roamed across the continent, from what is now Oregon to as far east as what are now the states of New York and Florida, thanks to Indigenous practices that opened up grazing land.


Have you ever heard the expression “using fire to fight fire”? That’s exactly what many Indigenous Peoples did throughout North America before colonization. Unfortunately, Europeans did not understand the Indigenous approach to forest management. Starting with the Spanish, colonizers banned the type of controlled burns that Turtle Islanders had been successfully practicing for centuries. With misguided ideas about ecology, governments established by European settlers actually fueled more frequent, deadly, and destructive forest fires.


In present-day California, wildfires are a constant danger. In 2018 alone, wildfires cost the California economy more than $100 billion, killing one hundred people and damaging or destroying more than twenty-four thousand homes and other buildings. About 1.8 million acres burned, an area larger than the state of Delaware.


While it is true that climate change has increased the frequency and severity of these natural disasters, the fact is that even before colonization, the hot, dry landscape of California created the potential for a tinderbox waiting to be set alight. The Indigenous Peoples living there, including the Yurok, Karuk, and Hoopa, were very aware of this danger, so they took measures to minimize the problem. One of the ways they did this was by setting controlled fires periodically to get rid of dead vegetation. That way, debris didn’t accumulate enough to be a danger in the event of a lightning strike, which would otherwise have the potential to set entire forests ablaze.




Sustaining Ecosystems: Why Cultural Burning Is Beneficial
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• Clears land for growing crops.


• Returns nutrients from dead plants to the soil, making the land more fertile.


• Encourages the growth of desirable wild plants used for food and medicine.


• Makes game parks to attract prey animals like deer and bison.


• Removes forest underbrush to eliminate pests like stinging insects, poisonous snakes, and vermin.


• Creates trails through the woods to make it easier for people to travel for trade or on hunting parties.


• Helps support populations of fish such as salmon. Smoke from cultural burns shields shallow mountain streams from sunlight, cooling the water. Salmon require cool water to remain healthy and breed.


• Promotes growth of new plants whose root systems prevent silt from running off and clogging streams that fish live in.


• Creates the high heat needed for some of the world’s biggest trees to reproduce, such as the sequoia, which can grow to be more than three hundred feet tall and weigh more than 2.5 million pounds—but only if the heat dries out its seed cones, releasing and dispersing the seeds.


• Clears away shrubs and debris so that young saplings can get sunlight and grow.


• Deprives enemies of places where they can hide in times of war.


• Rids the forest of dry scrub that fuels dangerous wildfires.







However, settlers discontinued this preventive measure and even enacted laws forbidding it. In 1850, the California legislature passed the ironically named Act for the Government and Protection of Indians, which forbid cultural burning. Later, the US Forest Service, which was given control of many tribal lands, believed that it was better and safer to suppress all fires in the forest. This was incorrect. Forests became choked with plants that dried out in the hot summers, creating the ideal conditions to fuel the massive wildfires that have plagued California and many other areas of North America in recent years. Fortunately, non-Indigenous foresters and governments are finally beginning to embrace the scientific wisdom of this type of Traditional Ecological Knowledge. For example, a recent study by the Faculty of Environment at the University of Waterloo, in Canada, concluded that Indigenous cultural burning not only reduces the chances of wildfires but also increases biodiversity.
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Alysha Beck, UC Davis


Diana Almendariz, of Maidu, Wintun, Yurok, and Hoopa descent, takes part in a cultural burn in California.








In northern California, another study led by Stanford University researchers that brought the US Forest Service together with the Karuk and Yurok Tribes confirmed that cultural burns like the one shown in the previous photo would reduce the risk of wildfires. In 2022, California passed laws making it easier for Indigenous Peoples to carry out cultural burning.


This is just one example of how Indigenous Traditional Knowledge can teach us how to live sustainably with our planet.
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