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				What we do to the land, we do to ourselves.

				—Lisa White-Kuuyang, Haida Nation
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					This map shows the Mother Tree Project sites; the nearby towns, rivers, and mountain ranges; and the names of only those First Nations connected to the individuals or locations mentioned in the book. There are more than 203 First Nations recognized in British Columbia by Canada’s Indian Act, with some First Nations still fighting for their rightful recognition. This map is only an approximation and not meant to be a comprehensive or accurate representation of all of the vast and often overlapping Indigenous territories.

				
			
		

	
		
			Author’s Note

			This book builds upon my 2021 memoir, Finding the Mother Tree: Discovering the Wisdom of the Forest. In these pages, I weave my recent research in the forests of British Columbia with my lived experiences from 2015 to 2023. I have conducted this research, alongside my students and colleagues, in my position as professor of forest ecology in the Faculty of Forestry and Environmental Stewardship at the University of British Columbia. I have interpreted my work in ways I feel may help the public grapple with complex concepts regarding ecological resilience, and that may also motivate improved stewardship of the forests of British Columbia. The forests in which I conducted this work include the inland and coastal temperate forests of British Columbia. This writing is from my perspective, developed from my relationships with the land, its people, and my ancestors. My ideas represent the confluence of my worldview, work, and life, and others may not agree with me. I am only one voice of many, and many voices must be heard.

			While conducting my research, I had the deep honor of working alongside Indigenous people who generously shared with me their philosophies, knowledge, and culture with respect to the forests of the Pacific Rim. This book includes reference to Indigenous knowledge, but it is important to understand that this knowledge cannot be taken, misused, or exploited. This knowledge comes from learning from the land through a cultural lens and cannot be replicated or duplicated in the absence of the people or place from where it came. Any references I make to specific practices are meant only as examples to illustrate a broader philosophy of care and stewardship of the land. It is my hope and intention that my work shines a light on the truth of the colonial exploitation of the forests of Canada, and hence of Indigenous land and people, and that seeing, believing, and acting on this truth leads toward respecting, tending, and healing of the land and its people.

			At the end of this book, in the section “Critical Sources,” I list the peer-reviewed research articles, by chapter, that informed my writing, including articles originating from my lab. I also include other papers that influenced my thinking or that I refer to directly. I invite readers to consult with these sources so they may delve more deeply or verify the findings if they wish. The book is not meant to be read or critiqued like a peer-reviewed scientific research paper. This writing is simply my interpretation of the work I have been involved with in the past decade.

			For names of species in this book, I use a mixture of Latin and common names throughout. A comprehensive list of Latin and common names of all species mentioned are included at the end of the book. In developing the chapters, I often integrate several experiences into a single story in order to provide a good pace and flow for readers. In writing this memoir, I have drawn from a mix of experiences, notes, writings, conversations, interviews, and readings. I have changed the names of some people to protect their privacy. Any faults in my research, errors, omissions, or misinterpretations of any research, stories, or histories are my own. I wrote this book with what I knew to be true at the time of this writing.

		

	
		
			Introduction

			There is no way to understand how something grows without also understanding how it dies. When you walk in the forest, you see the abundance and growth, but if you look closer, you will also see disturbance and decay. There is beauty in life, but there is also beauty in death and in what remains behind. In the forest, renewal only comes with dying. It is part of my life’s work to understand how this renewal happens and what these processes have to teach us.

			Nature is a rich fabric of endless cycles, from mushrooms and soil animals breaking down logs, to bacteria and fungi transforming organic sources and creating “dead” matter that is full of life, to aging trees “downloading” their genetic knowledge to their young. As young trees mature, they learn, adapt, and grow with their evolving circumstances and pass their wisdom to the next generations, ensuring the forest is enduring, regenerative, and resilient. Our own lives are inextricably bound by the same rules and destiny: birth, growth, death, decay, rebirth.

			Nature is waiting for us to listen. And to learn.

			

			—

			These teachings were brought home to me in the aftermath of my own encounter with death. Decades of study in the inland forests of my home province of British Columbia had taught me that the web of community—the trees and plants, humans and animals, fungi and microbes, and the breathing soil itself—exists in a vibrant dance, a clockwork of adaptive cycles. Even as I marveled at the way energy cycles through this web, my own life energy was unraveling inside of me. I wrote my first book while recovering from breast cancer. I leaned on the teachings of the old trees to help me heal. In turn, I was able to use the insights I’d learned—about how connection, community, and wisdom are vital to recovery—to ask deeper questions about the forest.

			When Finding the Mother Tree was published in 2021, I was astonished by the public’s heartfelt embrace of my scientific discoveries. Reader after reader wrote to thank me for confirming something they said they’d always known in their hearts—that the forest was a connected, intelligent, living system. One of my key findings was that the biggest, oldest trees—the mother trees—are the energetic keystones of the forest, the hubs of an underground network of mycorrhizal fungi connecting the forest. I used the metaphor of the mother tree because of their role in dispersing seed to the understory, connecting with the tender roots of their offspring, and nurturing the new shoots. Mycorrhizal fungi form symbiotic relationships with tree roots and trade vital nutrients gathered from the soil in exchange for photosynthetic carbon from the trees. A symbiotic relationship is one that is close, cooperative, and interdependent, the result of coevolution over millennia to ensure fitness of the members. These fungi can connect the trees and seedlings together in an extensive subterranean web and serve as pathways for shuttling carbon, nutrients, and water through the forest. The connections and communication provide the ecosystem with strength and resilience.

			Generations of trees and plants are deeply integrated in this system of interactions and feedbacks, and these relationships are crucial in the regenerative capacity of the forest. My colleagues and I found that the belowground linkages had patterns suggestive of a biological neural network, that the trees have agency in the transmission of resources, and that together, these properties are suggestive of a type of intelligence. Even more intriguing, the trees demonstrate traits such as collaboration and facilitation, not just dominance and competitiveness. Life in the forest, it turns out, is more complex than “survival of the fittest.” An intricate network of cooperation and competition makes the ecosystem thrive.

			The forest wasn’t my only teacher. I learned from my Indigenous colleagues that First Peoples have always recognized the interconnectedness of forests and of all living things. Many Indigenous cultures have long viewed mother trees—and grandmother and grandfather trees—not just as metaphors for interdependence, but as sacred relations who hold spiritual connection to the ancestors, and who provide wisdom, longevity, and regeneration. But Indigenous ways of seeing the world are rarely accepted in Western science methodologies. They are in fact roundly disparaged. Even the use of metaphor, such as “mother tree,” in Western scientific language has been criticized as lacking objectivity and integrity. I found myself longing to push back against these rigid boundaries of science, to learn additional ways of inquiry, other ways of seeing and knowing the natural world. And I had new questions, different questions.

			So, early one spring morning, I went back to the forest. I wanted to learn what the mother trees could teach me about survival and adaptability, about living and dying, and about how energy and ancient carbon cycle through the forest. I wanted to find out how the forests were coping with stressors like climate change and clearcut logging—the practice of harvesting every tree in a large expanse of forest. I had a hunch that the forest’s connections, cycles, and diversity could guide us to the solutions we so desperately needed to enhance resilience and protect our global ecosystem.

			Hiking deep into the woods, I stopped to rest at a shady hollow, a secluded hiding place for shade-loving trees and plants. I admired a small cluster of fairy slippers, exquisite purple orchids whose lives depend on mycorrhizal fungal connections in the soil. I sat on a decaying log, an old mother tree that had long since passed. Her great body was sprinkled with seedlings of western hemlock that had taken root in her softened bark. I marveled at how the old tree had created a rich environment for new life to grow, cycling back to a beginning.

			As trees weaken, perish, and collapse, they change from living biomass to necromass. The soil food web—the community of organisms including animals, fungi, and bacteria—breaks down the rotting logs and decaying litter while extracting carbon energy. Through the complex process of decomposition, nutrients are released and carbon dioxide is respired to the atmosphere. Seedlings establish in the carcasses of old mother trees and unfurl their delicate young leaves to absorb the carbon dioxide, while slurping up the nutrient soup with their tender mycorrhizal roots. The soil and plant community continue the cycle of regeneration as the biomass becomes deeply alive and enriched. The whole forest awakens in a teeming, bustling surge, as rich and joyful as the young at play and the old at work, carrying forward the business of life.

			Cavity nesters like woodpeckers, flickers, squirrels, and even bears build nests in the soft decay of the elders and reproduce in the township of the dead and dying. Animals and arthropods, centipedes and springtails disperse the immortal remains of hollowed trunks and broken branches, feeding extensive food chains through the extended ecosystem and creating structures for the living. Carbon compounds seep into the full life of the subterranean ecosystem and recombine into organo-mineral compounds that remain stable in the soil. In an intact forest, this carbon pool—the detritus of plant, animal, and microbial life—is safeguarded in the soil for millennia. The compounds of the old are transmuted into the living, cycling onward for centuries to come.

			Yet many of our current forestry practices harm these extraordinary natural cycles. Industrial clearcutting has removed vast amounts of forest, and recovery of these ecosystems is slow. The massive machines not only cut down trees, but disrupt the fragile connections of the forest, both above and belowground. It can take centuries for a forest to recover, millennia for the soil to rebuild.

			As I pondered this, I wondered if there could be better ways to tend forests that would protect their cycles, connections, and niches, and the biodiversity they support. Given that people will continue harvesting trees or parts of trees for buildings, paper, clothing, and many other products, surely we could find gentler ways to do it, and take far less in the process. I tried to envision a silviculture system—a program to harvest, regenerate, and care for a forest—that would actually leverage the forest’s natural regenerative capacity and biodiversity. One that would preserve and nurture the mother trees. We needed to protect these legacies, and in so doing, alleviate the stresses of changing climate, resist or dampen wildfires, and stave off insect attacks and pathogen infestations. Fostering abundance and balance in the plant and animal communities could potentially enhance carbon sequestration and storage, practices that held promise for mitigating climate change. I knew that the mother trees were the powerhouses of the forest. If we could conserve these big old trees, they could naturally seed the sites, regenerate the forest, and help buffer the ecosystem from stressful conditions.

			What I was imagining would require a radical change—a transformation—in the direction of the forest industry in British Columbia, but surely it was worth pursuing.

			Of course, the idea of humans tending forests in this way is nothing new. Forests have been shaped by people since the beginning of humankind. For thousands of years, the First Peoples cared for the forests and waters by aligning with the natural processes that fostered abundance for generations to come. They developed sophisticated practices such as strategic burns that increased food production, enhanced plant diversity, improved the soil, and prevented catastrophic wildfires. When Europeans crossed the Atlantic to North America, they saw only inexhaustible wealth in the vast forests and wild rivers and the plentiful species that inhabited them. They did not grasp that the bounty of resources was deeply influenced by age-old ancestral stewardship that honored the natural cycles and connections of the ecosystems.

			The First Peoples’ knowledge and governance systems are based in respect, reciprocity, and responsibility for the nurturing of living beings. The silviculture system I hoped to apply would be guided by these traditional perspectives and a holistic understanding of the natural world. It would embrace the wisdom and intelligence of the forest and employ different ways—more adaptive ways—to protect and care for forests in our changing climate.

			My determination to find a better way forward was the catalyst for the Mother Tree Project, a vast study that would take me into the heart of the Pacific Rim forests. My goals were to document the effects of clearcut logging compared with partial cutting, or just leaving the forest to its own ingenuity, on carbon pools and biodiversity—two elements our lives depend on that are rapidly changing as human populations grow and the climate warms—to help us discover new ways of tending forests that would protect the mother trees. I wrote the proposal with my postdoc Brian Pickles and my close colleagues Les Lavkulich and Bill Mohn and others, and much to our surprise, it was funded by the federal government of Canada. It would become one of the biggest forestry field experiments in Canada, with sites distributed halfway across British Columbia, and involve collaboration with many allies, including Indigenous people, local communities, academics, governments, logging companies, artists, and students.

			Jean, my longtime colleague and best friend of more than forty years, took on the role of managing this complex project. With the help of Brian, she located nine experimental Douglas fir forests, eight of them in the interior of British Columbia where the winters are cold and the summers are warm, and one on the mild, drizzly coast east of Vancouver. Across this climatic range, our experiment would compare five different logging patterns, or treatments, to test how protecting different numbers and configurations of the largest overstory, or mother, trees would affect seedling regeneration, the understory plant community, bird and animal habitat, soil composition, and fire risk.

			We sought the wisdom of scholars and managers who’d spent their careers investigating silviculture systems. These were experts who had done careful work learning how forests functioned and using the knowledge to develop sustainable management practices. But it wasn’t until I engaged with postdoctoral fellow Teresa Ryan of the Ts’msyen (Tsimshian) Nation that I realized something essential was missing from our project.

			Teresa and I had become fast friends and spent many hours discussing the social integration of her culture with the land and how it contributed to the vitality and balance of forest ecosystems. She described how Indigenous stewardship practices were in synchrony with the rhythms of nature. How salmon populations were tended in alignment with tidal cycles, which nourished the forests, animals, people, and all relations. I learned how the ecology of forests had been deeply influenced by ancient stewardship practices, and most importantly, by the Indigenous worldview that all is connected. In turn, I could see how profoundly the people, and their origin stories, had been shaped by the forests. Forests I once naïvely thought were mainly the product of climate, soil, and the lay of the land, I now understood were reflections of the philosophies and practices of the original people.

			Until that moment I had spent my scientific career trying to improve upon colonial forest stewardship practices, striving to conserve an ecosystem’s legacies and connections instead of harming them. Now I understood that not only were these forest practices misaligned, but the goals were wrong. We needed to transform away from a mentality of exploitation to a regenerative worldview that valued reciprocity, synergy, and abundance for the entire socio-ecological system.

			My conversations with Teresa felt like a homecoming. I had finally found a system of stewardship my values aligned with, instead of chafed against. The colonial system desperately needed to integrate with the forest, in order to restore balance and stave off the losses in biodiversity and productivity it was causing through the commodification of the landscape.

			The goals of the Mother Tree Project began to come into sharp focus. Teresa helped me and Jean connect with Indigenous people who knew the land best, as our nine sentinel forests were located within their territories. As much as we could, we discussed the project with the people and learned how to make adjustments for each place. We did our best to conduct our work with respect and humility, to provide principles and frameworks for stewardship of the land.

			We held countless virtual meetings with our partners debating the details of the five experimental treatments, such as which specific dominant trees to leave standing. We already knew that protecting these big trees during logging would be important in helping forests regenerate, as happens following natural disturbances like wildfire. Extreme conditions were already intensifying with climate change, bringing unpredicted droughts, heat waves, downpours, and heavy snowfalls that easily killed young trees. If we could design forest practices that protected large trees, they could help mitigate these extremes while at the same time foster thrifty communities of trees, plants, and animals. Our investigations had shown these large trees interacted with their seedlings in profound ways, and this led us to naming the project “The Mother Tree Project.”

			After our nine research forests were logged in the patterns we’d specified, the Mother Tree Project crew—our group of dedicated students—and a team of professional tree planters planted mixtures of tree species among the remaining old trees so we could identify the combinations most resilient to the stresses wrought by the shifting climate. It would take us eight years before the last patch was logged and our final seedings established. By the time we were done, we had planted 225,000 trees across an area the size of Denmark, from the rugged interior of the province to the lush rainforests of the West Coast. We planted in the pouring rain and in the blistering heat, enduring tick bites, wasp stings, and close encounters with moose and bears. I visited old-growth forests that were pristine and unspoiled, and walked in clearcuts where every tree had been felled and the valuable ones taken by the lumber companies, leaving behind nothing but stumps and slash. We ran from a wildfire ripping through one of our experiments. I experienced the joy of watching my daughters fall more deeply in love with the forest as both Hannah and Nava pursued careers in forest ecology and joined me in fieldwork on the Mother Tree Project. Nava and I participated in the movement to protect the ancient forests of Fairy Creek, which became a flashpoint for logging practices in Canada.

			We would return season after season, year after year, to measure, record, analyze, report, and archive what our nine forests were showing us as they responded, attuned, and adapted to our treatments and to the changing climate. We followed the seedlings from their establishment phase through juvenile and sapling stages, and made detailed plans for others to continue the work after we were gone, following the forests into their maturing and old-growth years, after the mother trees had died and spawned new generations. New professors and students would join us, examining in exquisite detail the responses of the wildlife, soils, hydrology, and microclimatic buffering to all of the treatments and climates.

			Through all this, as I witnessed firsthand nature’s cycles of death and renewal, I experienced parallel rhythms of growth, loss, and recovery in my own life. My children grew into saplings alongside the trees they planted, my work flourished and stumbled in tandem with the changes of our forests, my knowledge and spirit deepened as the ecosystems reorganized, and my mum moved through the final stages of her life as wildfires took the lives of some of the mother trees across our experiments.

			In the pages that follow, I’ll share these stories and some of the most remarkable findings from the Mother Tree Project. This huge study will reap discoveries for decades and will change and grow under the careful watch of those who come after me and Jean. It is my hope that this collaborative work will serve as an ecosystem from which to draw wisdom, providing insights on how to live attuned with the land and with one another, long after we are gone. Already we have made surprising discoveries directly related to how trees, from elders to seedlings, adapt to changing conditions. Plants and fungi and animals interact and collaborate, and disrupted forests work to seed new communities that are changed, transformed, and resilient in the shifting landscape. Because we humans are part of this community, we are an essential part of solutions already underway.

			The Douglas fir forests depicted in this book are unique to their geographic place, as are all forest ecosystems. But the same basic life rhythms and cycles exist in all forests, whether the Pacific Rim coniferous forests, the Russian steppe, the Amazonian jungle, or the Mediterranean woodlands. All forests reflect the wonder of regeneration and healing, the ability to adapt, learn, and evolve with change, and to persist over decades, centuries, and millennia. In every cycle across the seasons, forests renew and restore. Trees germinate, grow, and set seed. They disperse their genes in the gusts of wind, feathers of birds, and gravity of freefall in a continuous adaptive cycle of birth, growth, death, decay, and rebirth.

			We are part of this same cycle, inseparable from the trees, animals, water, and air. The forest teaches us to live in synchrony with the natural cycles, to stay in rhythm with the seasons, lifespans, and oscillations, the essential patterns that have evolved for success. I would carry my mum’s life energy forward, just as my daughters and the generations to come would carry on my life energy, all of us constantly renewing, growing, maturing, and dying, spreading seeds of knowledge through the ages. The energy and wisdom of the old cycles evolve into the new. We and every other living thing, all our relations, are part of this infinite, beautiful, self-renewing cycle of existence. Even after the most destructive logging practices, forests strive to heal, although healing will be much faster if any logging is done with respect and care.

			Nature is waiting for us to learn that we are all bound by the same rules. And to remember that, when the forest breathes out, we breathe in. When the forest thrives, we thrive. When the forest lives, we live.

		

	
		
			
				1

				Can’t Get Away from Your Roots

			
			It was late afternoon and the August sun was slanting crimson through the trunks of the Douglas firs. The forest felt eerily still. The trees seemed to flag. I heard a tree fall in the distance, and I shivered and looked over my shoulder. Just tired, I thought. Every inch of my body was aching from two solid weeks measuring every tree, log, and soil layer in this forest. I loved the work, but the heat and exertion were taking a toll.

			We were working in the Cariboo Mountains, a short drive from Likely, British Columbia, and an eleven-hour commute from our hometown of Nelson, establishing the boundaries for one of the Mother Tree Project plots. If all went according to plan, this plot would be logged three months later, in November 2018, and replanted with our special mix of seedlings the following spring. I banged a foot-long piece of rebar into the ground with my axe, marking the center of the plot, and ran the end of the tape due north fifteen meters through the tangle of creamy honeysuckles and ivory snowberries. The warm, woody air drew streams of sweat through my hair that soaked my ball cap. A red-breasted nuthatch sang a high-pitched neen neen neen, as though playing a tin trumpet in rhythm with our work. I closed my eyes for a moment, feeling the embrace of the mountains. I could hear the ringing thump of Jean’s axe as she established the other end smackdab south, completing the thirty-meter north–south transect.

			For the past forty years, Jean and I had worked side by side in the bush, studying how forests responded to the many ways prospecting foresters had cut them down and tried to grow them back. In our early twenties, we’d scrambled up trees to escape grizzlies in the Lillooet Mountains and scaled the craggiest peaks carrying twenty-kilogram packs on our backs. We were bound by our shared love for the woods, by our triumphs and our stumbles. When my daughters were born, I’d plopped them down in the middle of lush thimbleberry bushes to play while we worked. “Can I eat this, Jean?” Hannah would ask, her chubby cheeks and dark hair already smeared with the scrumptious maroon berries. Now both daughters had grown lean and perceptive, their childhoods mostly a memory, while Jean and I were older and more experienced, and more resolved than ever to finding a solution to the ecological crisis that threatened us all.

			Peering through the stand of Douglas firs, I could make out Hannah and Nava, eighteen and sixteen years old, briskly laying down a line perpendicular to ours. The heat didn’t seem to bother the girls much. They were scaling over rotting logs, ducking under scarlet-stemmed Douglas maples, and threading the tape directly through plumb fir and feathery cedar saplings to ensure it was dead straight.

			
				
					[image: Two individuals sit on a grassy hilltop with scattered rocks, overlooking a clear sky.]
				

				
					Suzanne, twenty-four, (left) and Jean Mather (later Roach), twenty-five, on Hong Kong’s Peak. After earning our undergraduate degrees in forestry from the University of British Columbia in the spring of 1983, we backpacked through Asia for eight months on ten dollars a day. We ran out of water while hiking on Lantau Island and were drinking from cracks in the rocks. When we finally made it to a small abandoned village, we opened a barrel of water to find it was full of snakes. We eventually found mandarin orange juice at a street vendor, and Jean exclaimed, “I love drinks!” which became a standard joke whenever we found ourselves in a pickle.

				
			
			Beautiful, I thought. I was proud of my daughters.

			At one end of the east–west tape, I spied Nava poking her graduated trowel into the ground every two meters to measure the depth and substance of the forest floor. Her nut-brown hair tied back with a shoelace and a sprig of willow, she pushed at the duff, gently separating the fibers and roots with the metal blade. My younger daughter was pensive and curious. I could hear her whispering thanks to Mother Earth for showing her these hidden secrets.

			Hannah had started along the north–south line, calling out forest floor depths as Jean jotted down the numbers. At five foot two, Hannah was a good five inches shorter than Nava and just as fast, her legs lithe from leaping over creeks, arms muscled from packing field gear. Both girls knew just where the greasy black humus, the deepest layer of the forest floor, stopped and the gritty mineral soil started, signifying the depth to which organic carbon could easily be counted.

			The two girls raced each other down the lines, their bodies agile, carrying the genes of French scieurs de bois from my side of the family dating back generations. The forests of Europe had provided for our family and prepared them for the woods of North America when our ancestors emigrated five centuries back. The carbon-rich trees and waters of the world’s forests were knitted in the sisters’ blood and bones. Even though they had planned to veer in different directions, one toward human health and the other to the orcas in the Salish Sea, the forest always called my daughters back. “Can’t get away from your roots,” my mum, Granny Junebug, would say, as they sat on her back porch sipping lemonade in the forest-clad valley of the Kootenays where our family had settled. Mum grew up on the edge of the woods in the dirty thirties, didn’t suffer fools gladly, and knew how to get out of a pickle fast. “Git yer stuff and let’s get the hell outta here!” she would say when confronted with a wildfire or an irate bear. She’d instilled in her granddaughters an instinct for survival and a passion for tending the soil and growing a garden, as well as the knowledge that they’d better get a darned good education if they valued their independence.

			After ten minutes, the four of us had established the two line transects, each pinned at the middle to the center point, forming a cross in the forest. The ends demarcated the quarter chimes of the circular plot, which looked half the size of a hockey rink. Next, we would methodically record every detail of the plot: the large trees, the small trees, the plant community, the woody debris on the ground, the forest floor, and the layers of mineral soil beneath.

			
				
					[image: A woman wearing faux leopard-skin pants, a long quilted coat, and holding a walking stick stands on a grassy field. Trees and distant structures are visible in the background.]
				

				
					Ellen June Simard, aka Mum or Granny Junebug, seventy-seven, at Lakeside Park in Nelson, British Columbia, in Sinixt, Ktunaxa, and Syilx territories, 2013. Her faux leopard-skin pants were a reflection of her free spirit, which she joyfully exercised every day, whether chugging over the mountain passes in her VW van to go windsurfing, joining land defenders protesting the logging of old-growth forests, or zooming down mogul runs at Whitewater.

				
			
			I glanced over at the forest within the plot, seeing trees young and old, shrubs laden with berries purple and red, paintbrushes and arnicas glowing scarlet and yellow. Gaps had opened where some trees had fallen, allowing new light to reach the leaves of willows and alders. Old trees at the edges of the gaps had produced a multitude of cones, spawning new seedlings that were enlivened by the shafts of sunlight. Large decaying logs on the forest floor stored carbon and water while providing homes for shrews and salamanders as well as new conifer seedlings. In the duff, chocolate brown humus was cycling carbon and nutrients to deeper, more protected horizons beneath. The bed of an ephemeral stream meandered through the center. A snag shedding graying bark stood leaning, a pileated woodpecker foraging its cambium for insects and sapwells.

			I envisioned layer upon layer of stomata, the very lungs of the trees, in this highly structured woodland, with foliage folded under and over itself in brilliant strata from the forest floor to the treetops. Life felt capable here. Solutions were wired into this place. Our experimental plot, which was split into four segments, aimed to capture the teachings of a medicine wheel, a symbol that has been used for generations by Indigenous cultures around the world. Among its many interpretations, the medicine wheel embodies a worldview of interconnection and the cyclical nature of life: birth, youth, elder, death. Air, water, earth, and fire. Winter, spring, summer, fall. Anyone with a metal detector would be able to find the center pin of this plot, the heart of the medicine wheel, even if the forest burned and found new life again.

			Jean and I got busy recording details about the trees while Hannah and Nava turned to measuring downed wood along the transects. Sweat trickled down my spine as I squinted through my laser at the leader of the tallest Douglas fir and shouted its height: “Forty-two point six meters!” This tree was a good two meters taller than the green shoots of its neighbors, and its girth thicker. Jean measured its diameter at 1.3 meters above the ground. The chunky, corky bark was scarred on the north side from a ground fire a century ago, and on the east side by another fire decades earlier. I imagined its massive roots tapping into underground rivulets of water, enabling it to resist the flames. I heard Jean cranking the increment borer, then calling the tree’s age. “Two hundred and fifty-three!”

			“Is it a mother tree, Mum?” Hannah glanced up from her meter-long calipers clutching a rotten log.

			“More like a grandmother.” This tree was not only a giant, she was the oldest in the patch.

			I shifted my laser to measure the height of another elder tree as a black-and-yellow swallowtail butterfly fluttered down through the branches, then wafted up again in the soft, warm air. A mirage of carbon dioxide and water molecules from photosynthesis and transpiration was hovering in the downdrafts and updrafts. I blinked, paused to take a drink of water, looked again. The molecules were splitting into their bare elements: carbon, hydrogen, and oxygen. Carbon, with six each of protons, neutrons, and electrons, was forming covalent bonds and joining into long-chain organic polymers. Then it was flipping between its two stable states, 12C and 13C, and its natural radioactive species, 14C. Forming graphite and diamonds, right before my eyes. Heat will do that to a person, I thought.

			
			
				
					[image: A young woman wearing long sleeves is seated in a forest, holding a pen and clipboard with data sheets. A measuring tape is stretched across the vegetation, and dense foliage surrounds her.]
				

				
					Hannah Sachs, eighteen, taking notes along a coarse woody debris transect at the University of Northern British Columbia John Prince Research Forest in Dakelh and Sekani territory, 2017. The thirty-meter tape is stretched across the plot, and her crewmate is shouting data describing each piece of wood that intersects the tape to determine carbon stocks in the dead wood pool. The data is also used to describe fuel load and risk of wildfire. Hannah is wearing long sleeves because the mosquitoes were so thick her arms and face would swell from the bites.

				
			
			Carbon is the element of beauty, essential to life on Earth. Carbon dioxide is fixed by plants into sugars by photosynthesis, and this food is used for growth and development. The plants in turn serve as food for the herbivores, who are eaten by carnivores, and this places plants at the base of the food chain. Photosynthesis is the finely evolved process that makes all life on Earth possible, by converting light from the sun into chemical energy, which then becomes biomass and habitat, abundance and biodiversity. All that we were measuring today in this plot.

			Carbon is thus an essential element of life in forests. It is sequestered and stored in the trees and plants, and transformed, transmuted, and stored in the soils and animals. Indeed, about half of the biomass of a tree is carbon alone, and when we measure the size of a tree, we can easily document how much carbon is contained in its great body. Scientists have estimated how much carbon is stored in forests globally—including the trees, plants, and soils—and what the size of these pools is relative to those in the atmosphere and oceans. When we log a forest, we can easily count how much carbon remains behind in the ecosystem, and how much is transferred to the atmosphere, into streams, or into forest products. We can measure the impact of our actions on the carbon pools, and how quickly it takes a forest to recover its stocks.

			
				
					[image: A person wearing a reflective vest stands among dense forest vegetation, including conifer branches and leafy undergrowth, with a tree trunk visible nearby. Another individual wearing a hat is partially visible in the background.]
				

				
					Nava Sachs, sixteen, identifying plant species and estimating their cover at the John Prince Research Forest in Dakelh and Sekani territory, 2017. In some plots, there were over fifty species of trees, plants, mosses, lichens, and liverworts. Nava would eventually become a crackerjack botanist who could tell the difference between a blue, black, and Alaskan huckleberry by the patterns of their leaf margins.

				
			
			Sitting down in the shade, I picked up a fallen Douglas fir branch, the soft needles coated with a milky wax protecting them against water loss in this arid climate. I could use some of that, I thought. I pulled my cap lower over my sweaty brow. The glaucous sheath had turned the needles to sage green, the light wavelength reflected by chlorophyll. Chlorophyll is the compound—a pigmented protein—that makes photosynthesis possible. It’s composed of a brilliant assortment of carbon, oxygen, hydrogen, nitrogen, and magnesium molecules, in a structure similar to human blood. The magnesium in the chlorophyll reflects green light, just as the iron in hemoglobin makes blood run red. Chlorophyll captures sunlight, just as blood captures oxygen. I rubbed some needles on my flushed cheeks, inhaling the tart essence, and was immediately refreshed.

			I reflected on the way trees and humans are intimately interdependent, breathing in and out each other’s essence in rhyme. The trees (the autotrophs, the producers) breathe in the carbon dioxide that we (the heterotrophs, the consumers) breathe out. In turn, trees breathe out pure oxygen that humans breathe in. Photosynthesis and respiration, performed by plants, algae, and cyanobacteria, are the foundation of life. These processes provide the food and energy for the rest of the food chain: insects, eagles, wolves, and humans. The products of photosynthesis—carbon, water, and oxygen—are stored in global pools including plants, soils, the oceans, and the atmosphere.

			Hannah and Nava came and flopped down next to me, and Jean joined us to take a break in the shade of the old trees. Nava took a swig of water as she settled among the flowers, then passed the jug around. The understory was rich with dozens of species, some common, others that thrive particularly well under closed forest canopies. My daughters had been seeing and touching these plants since they were babies. I brushed my hand against a Saskatoon berry, also known as serviceberry or juneberry. The shrub was taller than me, with blue-sage serrated leaves and white papery flowers that turn to deep purple berries by midsummer. The plants had flowered around my house in April, the same month Hannah was born. By the time she could hold her head up a few months later, the Saskatoons had fruited in abundance, and my beautiful baby girl reached in delight for their juicy indigo berries.

			Not far away was a specimen of Rosa gymnocarpa, the baldhip rose, which loves shade and blooms pink and lavender flowers that give way to brilliant orange-scarlet hips that provide food for birds and other small forest creatures.

			“You can make tea from the stems and leaves,” Hannah said. She remembered making it in a pail in the forest with her cousin Kelly Rose when she was little.

			I spotted some Shepherdia canadensis, or soopolallie, its leathery opposite leaves lit with bright-red bitter berries, beloved by humans and bears alike. In late summer, a single grizzly will eat thousands of these berries a day. I’d sat around a fire with an elder from the Xatśūll Nation who’d whipped them together with huckleberries and water to make a foamy dessert called Indian ice cream, or sxusem. Jean told us that soopolallie could also be used as an astringent by rubbing the berry juice over one’s face.

			We were sitting on a mound of Hylocomium splendens, or step moss, also known by the fairy-tale name of glittering woodmoss. The hardy souls who live off-grid in log cabins in northernmost Canada used to use step moss—and maybe still do—to fill the gaps between logs and keep the bitter cold at bay. Nava counted the number of “steps” in the moss nearest her, telling its age in years.

			When we had finished our break, my daughters retraced the transects once more, this time to measure all of the small wood, the branches and twigs, lying on the ground that intersected the crisscrossed tapes. I was glad the girls were taking care of these measurements because it required constant bending over, and my back was sore. I could hear the twigs crunching under the girls’ boots as they worked, and I started to worry about fire danger. The flammable little pieces of wood on the ground are called fine fuels, and this kind of heat could whip up an intense ground fire in a thunderstorm.

			“Anyone who walks by will think we’re crazy measuring all these little bits of wood,” Nava remarked.

			“I think most of these trees died from root disease,” Hannah noted, peeling away the bark from a Douglas fir log. Hannah and Nava already had a keen understanding of the different forces that killed trees, from fungi to insects, windthrow to fire. My mum would be happy that her granddaughters knew enough to survive a few days eating berries and roots in case they got lost, like she did as a kid growing up in the woods. She’d learned from her mum, Granny Winnie, how to snare a rabbit, catch a fish, and pick berries at their homestead near Edgewood.

			Jean cut into the base of a snag with her axe and whistled when she exposed the creamy white mycelial fans of Armillaria root disease, whose fruiting body is known as the honey mushroom. The fungus of Armillaria ostoyae lives most of its life cycle in the ground, but its hyphae can spread into living tree roots and the root collar, where it could gradually rot the sapwood and cut off sap flow, killing the tree.

			A red-backed vole, no bigger than a mouse, scurried along a log to its nest as the girls approached with their measuring instruments. The log was coated in plants, mosses, and mushrooms that had established in the decay. Saprotrophic fungi—fungal species that feed on dead and decaying matter—eventually transfer much of the woody carbon in these logs back into the soil, and this process continues for decades, slowly increasing carbon content of the soil as the forest ages. But how much carbon in soil actually comes from this downed timber? What happens to the wood when the forests are run over with skidders and the trees cut? Will we be able to save more of these important habitats if we leave some of the old live trees behind? I silently pondered these questions as I worked.

			

			—

			An hour later, Jean and I had finished measuring the last of the big trees in the plot. They ranged in age from 203 to 253 years old, all having established during a cool wet climatic period as far back as 1763, the year the Treaty of Paris was signed, when Canada became a colony of British rule. By the time the eldest tree had germinated, the Hudson’s Bay Company and Christian missionaries had been firmly established in the Indigenous territories of Turtle Island for over a century. Thick-barked and deep-rooted, these trees had been witness to the entire history of colonization, from the dispossession of the people from their land to the outlawing of Indigenous burning and the establishment of the residential school system that took their children. Now the trunks of these trees were tight-ringed, and the knots of fallen branches were hidden beneath the bark, but they still told the stories of this great change in human relationships with the land.

			Most of the trees in this forest were Douglas fir, but there were a couple of large interior spruces along the stream and clutches of trembling aspen in the gaps. In forestry parlance, the tallest fraction of trees in a forest are known as dominants and the main canopy trees are called co-dominants. Having earned degrees in forestry and registered as professional foresters, Jean and I were very familiar with the terminology that pervades the timber industry.

			I turned to assessing the intermediate trees and saplings that had grown up in the gaps between the giants over the decades.

			“There’s scads of little trees in this plot,” I remarked as Jean and I got to work measuring the heights and diameters of dozens of saplings.

			Since Indigenous burning was banned by settlers in the late 1800s and colonial fire suppression efforts were expanded for timber profits, the understory had been filling in with scrubby Douglas firs. Understory trees that would have been burned by ground fires lit in the cool wet spring a century ago were persisting and growing as slow as molasses. Some were almost a hundred years old yet only a few meters tall. Scientists had determined that this undergrowth was a fire hazard and had recently learned it was also competing with the older trees for soil moisture.

			I wondered aloud how much carbon was in this throng of understory trees compared to those in the overstory. As usual, Jean couldn’t resist a mathematical challenge. She pulled out her phone and did some quick calculations. After tapping away for a few minutes, she discovered that the handful of mother trees in the plot had captured 62 percent of the carbon in the forest, and the dozens of little understory trees only 1 percent. This made sense, as the foliage in the colossal crowns of the mother trees intercepted most of the sunlight and therefore were photosynthesizing at vastly greater rates than the shaded sprites in the understory.

			“Listen to this!” Jean walked over and patted the chunky bark of the biggest mother tree. “She contains one hundred and twenty-five times as much carbon as this little tree.” She reached over to touch the smooth bark of a nearby understory tree.

			My studies had shown that the biggest, oldest trees are the hubs of the forest, connected to their neighbors through a vast network of mycorrhizal fungi. These fungi are crucial to the fitness of the trees by providing them with nutrients and water. In turn, the fungi depended on the trees for photosynthate, enabling them to grow their vast threads through the soil pores in search of nutrition. The fungi could also link the trees together, providing them with multiple sources of photosynthetic energy. The big old trees are more densely linked than the others because of their massive root systems with innumerable points of connection. I had reasoned that their enormous crowns are also the energy centers of the forest, carrying out the vast majority of photosynthesis and redistributing some of this energy to smaller trees and saplings through the mycelium.

			The last plants appraised for the day, we began to wind up our tapes and gather our gear. Jean unfolded the creased map to plot our way out. Even Hannah and Nava were feeling the late-afternoon heat as they doused their heads with water and expressed relief that we were done. The sky began to grow dark as a thundercloud swept in overhead. Lightning flashed in the distance. Seconds later, we heard a rumble like a logging truck. I glanced nervously at the mountain ridge above. The trees stood motionless. Jean raised her head to sniff the air.

			I looked to the east and saw a plume of smoke rising over the ridge. Oh no.

			“Time to get out of here!” I said.

			We quickly stuffed the increment cores and hand trowels into our vests. Within minutes, the gathering easterly wind was bringing smoke into the stand.

			Hannah hastily filled in the soil pit. Ghostly tendrils of smoke were already drifting around the trees like scarves unfurling.

			“Just leave it,” I said to Hannah as she tried to scrape the last minerals into the hole. “Let’s go!”

			Jean struggled with her balance, so Nava snatched Jean’s pack and I took her vest. Hannah grabbed the sample bags. A deer ran through the plot. Then a rabbit, bounding at top speed. We grabbed the rest of our gear as the smoke started to thicken.

			“Run!” I shouted. “Don’t look back. Keep moving!”

			Ahead of us, Hannah and Nava sped like deer, leaping over logs, jumping the parched stream beds. I held Jean’s arm tightly. Together we ran through the aspens and thickets of fir, shouting at the girls to keep going, we’d catch up at the truck, still half a kilometer away.

			I glanced back to see the growing fire licking through herbs and shrubs and consuming fine woody debris on the forest floor. I could see it igniting the dead branches low down. The blaze moved swiftly, hissing and crackling, hungry for fuel. The fire quickly climbed the interwoven ladder of suppressed trees into the intermediate trees. In an instant, it had jumped into the resinous midstory of the canopy trees.

			Jean tripped, and I helped her up. I could see fear in her eyes.

			“C’mon Jean, we can do it.”

			I could hear my pulse hammering in my ears as I ran, and I started to feel a stitch in my right side, stabbing me in the ribs with each breath. I snuck another glance back: the fire was now moving through our plot. The wind had picked up, and flames were racing into the canopy. With a whirling eddy of oxygen-rich air, the fire ignited the tree crowns, burning into the living wood.

			The big tree we’d just measured candled. The fire in her crown spread to the neighboring tree, and the next. The fire was on the move. With the high temperatures and dry wood, the forest was turning into a curtain of flames. The center pin of our plot would survive no matter how destructive the fire. It was now a fire-severity pin. It would tell this story later to anyone willing to listen.

			A gray wolf emerged from the trees, running in the same direction we were. He loped alongside us, his tongue cooling him as he drank in oxygen. He squinted at me through the thickening smoke and I could see his amber eyes.

			With the flames chasing us, we charged through the trees and burst through the timber edge where the girls were waiting anxiously at the truck.

			“Mum!” Nava cried. Hannah grabbed our gear and threw it into the truck bed. I wanted to gather my daughters up in my arms, but there wasn’t a minute to spare. Jean flung open the door and slid into the driver’s seat, turning the key at the same time, and the engine roared to life. She wheeled the truck around and I radioed to report the fire to the dispatcher. As we drove away, we saw the wolf disappear into the trees.

			We reached the highway half an hour later and stopped to collect ourselves. Helicopters were hurrying toward the tower of rolling smoke rising from the woods, and we watched the choppers scoop buckets from the lake and fly toward the flames. The fire seemed uncertain of what to do next. Then its flames twisted into spirals and gyres and into a single tornado, painting the sky a glowering shade of orangish black.

			We turned onto the highway, and knowing we were safe, Hannah and Nava began to chatter with excitement about our close call. I twisted around in the front seat and examined my daughters. Both girls were enveloped in a cloud of soot and grime. Nava’s T-shirt was so caked with dirt it was impossible to tell what color it had originally been. Soil was ground into Hannah’s knees where she’d taken a spill as she ran.

			Jean smiled. “You guys look like Pigpen.”

			“Look in the mirror!” Hannah cracked. I tilted the rearview mirror to take a quick look at myself. Face covered with ash, hair matted with sweat, the Creature from the Black Lagoon stared back at me. I shrugged and glanced at Jean, who looked like a mirror image of me.

			A long line of cars was accumulating along the shoulder as people stopped to watch the fire. We headed north along the 97, passing through the familiar flaxen grassland, the river rushing along its willowy spine, the tender forest meeting the meadow’s edge as the land rose into the mountains. My mind wandered to my brother, Kelly, herding cattle in this valley a couple of decades ago.

			“Want to visit?” Jean whispered. She always knew my thoughts before I had to say a word.

			I nodded, and she drove a few more kilometers to the north, turning onto the dirt road that led to the Onward Ranch. We crossed the stream and parked at the cattle gate that marked the path leading to Kelly’s knoll near Yellow Lake.

			“You go on ahead,” she said. She pulled out her binoculars to watch the choppers now circling like dragonflies. The girls were born after Kelly died, and they’d only been to his knoll once, but they knew their uncle through stories. They stayed with Jean to watch the ballooning smoke from the fire. I told them I wouldn’t be long and started down the path.

			When I reached Kelly’s stone, I brushed away the fescues to reveal the baldhip rose engraved on the copper plaque. I leaned against the old Douglas fir mother tree
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