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I dedicate this book to my grandmother, who dreamed of becoming a doctor. She was the first healer I met.









Before you step into the jungle, there are a few things you need to know.








INTRODUCTION


– What are you most afraid of in the jungle?

We were coming to the end of the interview and it was time for the rapid-fire questions: quick question, quick answer, no follow-up, no background. It was one of the most insightful conversations I’ve had with a journalist.

As a scientist and National Geographic Explorer, I often get asked about the Amazon Rainforest. Conversations naturally fall into the topics of biodiversity, climate change, natural medicines, and travel—but it is when people start to ask the deeper questions that things get more interesting.

The Amazon is the most biodiverse region on our planet: a living rainforest with thousands of species stretching as far as the eye can see. It is filled with scents, sounds, textures, hues, and life forms that embody the purest manifestation of nature. The raw and enchanting beauty of the rainforest contrasts with its extremely demanding conditions, testing the resilience of anyone who ventures into it with its oppressive humidity, scorching temperatures, impenetrable canopies, and deadly creatures that lurk in its shadows.

Yet, the deeper I go into the Amazon jungle, the more I dive into exploring its hidden worlds: the age-old stories passed down through generations; the legends that characterize the tribal areas, and the wisdom of its indigenous people.

It all started with my grandmother, a traditional healer from Perú.

When I was five, I remember strolling through the luscious rainforest in my favorite pink dress, proudly holding my grandmother’s hand. The air smelled of citrus and sweet fruits, the expansive rivers intertwined with endless greens, and the stiffening humidity made my hair curl. Summertime had arrived, and I wore a big smile on my face as I followed my grandmother around the rainforest, fascinated by all I saw. It’s one of the fondest memories I have from my childhood; we were joint explorers, uncovering forgotten worlds and uncharted territories together. She was also my teacher. While she couldn’t name any scientific classifications of plants, nor explain their biological processes, she did know how to combine a flower’s roots with a tree’s bark to stop a chest infection, or how to tap in to the ancestral wisdom of birds. Ultimately, she taught me how to connect with the deepest lessons from the Pachamama1 (Mother Earth). Through respect and knowledge of the natural resources available to us, she shaped my vision of the rainforest. Plants and shrubs had the potential to provide a cure or a poison, and it was through the traditional wisdom of this place and its people that my grandma taught me the difference.

– Todo está vivo – she’d say. Everything is alive. Including what conventional biology says is not. Her teachings irrevocably marked my indigenous upbringing and also my subsequent journey as a scientist.

A subtle cough drew me back to the video call as my mind refocused on the question.

– What am I most afraid of? Well, the evil spirits of the jungle – I replied decisively, ready for the next question. I had my sleeves rolled up, and I leaned slightly toward the screen. I was ready.

I realized I had startled the journalist with my response, as his pupils dilated and his eyebrows moved inward. He was trying to make sense of what I had said.

– OK, I must step away from protocol here … what the hell do you mean?

– La curiosidad mató al gato* – I thought to myself. I saw the clock and knew I would end up running late, but I couldn’t resist his curiosity. I took the bait.

– The chullachaki,* of course – I said with confidence, almost assuming everyone would understand.

His eyebrows reminded me that most of the world didn’t.

– There are spirits in the rainforest, and many of them are good, but the chullachaki is one to stay away from. People use Amazonian tobacco, garlic, and salt to keep it away. Legend says that if your tobacco is consumed by the end of the night, and you didn’t touch it once, then the chullachaki had been close but accepted the ofrenda* of the tobacco and left you unscathed.

He took a minute to process this, and part of me was expecting mockery.

I used to care if people questioned or laughed at my view of the world. I used to long for people to see me as a ‘serious scientist’—to believe that my background needed to be hidden. My indigenous upbringing in the Amazon and Andes of Perú, my knowledge of traditional medicine, and my years as a professional dancer, meant I needed to act seriously as a Ph.D. scientist in the US in order to be taken seriously. I’m not sure when that changed. But embracing the idea that we do not owe people explanations now fills me with courage. So, instead of getting an unsettled feeling in my stomach in anticipation of his response, I simply smiled and waited.

– Have you encountered it? – he asked in a very serious tone, his eyes fixed in fascination.

– No … not yet—knock on wood—but I have heard first-hand experiences from many of my field collaborators, and they are chilling.

The collaborators on my expeditions are strong Amazonian Apus* (masters) who have faced some of the most ferocious predators of the rainforest. And yet, if you ask them what they are most afraid of, most will undoubtedly say with a hint of fear in their voice that it’s the evil spirits of the jungle. They do not mess around, so the Apus always carry protection against these creatures, just in case. Garlic, salt, and Amazonian tobacco.

Upon leaving Perú to pursue my studies and traveling to new continents, I soon learned that the stories and ancient wisdom I had grown up with were not common to everyone. In fact, they were far from ordinary. This book is about the stories I’ve encountered in the Amazon Rainforest and the fascinating discoveries that challenge science as we know it. Throughout the next 12 chapters, I’ll take you on a journey through my adventures—with insights from the Andes, discoveries made in the field, and stories recounted from Apus, including my grandmother—all in my quest to reconnect with the natural world. These are experiences, anecdotes, and lessons that helped me attune to the spirit and beauty of nature—something we can all learn to do if we are willing to observe and listen to the forest.

I write from a personal standpoint about my Amazon experiences, and I will not reveal the precise locations of our expeditions to protect these ecosystems and communities from an influx of visitors. But, before we begin, I want to express my deep gratitude to all my Apus and mentors, including my grandmother, who have shown up in my journey in so many unexpected ways. I thank them for allowing me to enter their sacred spaces and expansive worlds, helping me to discover new nuances of life and to dive deeply into the indigenous knowledge of my ancestors.

– Do you believe in spiritualism, then? the journalist continued in this now-extended interview, as my eyes flicked to the clock for a second time.

A deep question with a simple answer.

I find it impossible to separate my scientific explorations from inherent spirituality—whether I am trekking in the heart of the Amazon Rainforest or climbing the high Andes of Perú. As scientists, we are trained to look at data, hard and irrefutable evidence, yet we are also encouraged to be creative—to think of new theories, new possibilities, new experimental designs that prove or disprove ideas. And in this way, we must be attuned to the beliefs, practices, and taboos—the culture—at the heart of our scientific endeavors. Spiritualism and science can work together, and this approach marks my path and worldview. It has also inspired the ‘pharmacopeia’ note at the beginning of each chapter, in which I highlight a unique Amazonian organism from both traditional and scientific perspectives, in a way that mirrors how I explore the natural world.

For as long as the Amazon and the Andes have existed, nature and culture have prevailed in a complex symbiotic dance. We may not have Inca or Amazonian leaders reigning our lands or waters anymore, but their beliefs live on today. From their devotions to the sun and their offerings to the mountains, to their knowledge of medicinal plants and their mastery of balance within the spirit, the indigenous voices of the Amazon understand our deep interconnectedness with nature in ways that we do not. But I’m on a mission to find out. Reconnecting with the natural world is not only a journey into our own humanity; it is key to sustaining the biodiversity and cultures of our planet.

Growing up in Perú, I remember how my uncle in Cuzco always used to pour a bit of his drink of pisco2 onto the soil below our feet before drinking any himself.

– It’s for the Pachamama – he used to say. She drinks first.

In the ancestral territories of Perú, nature is seen not just as a backdrop but as a living presence, revered and always there. This is a worldview that both respects and considers Mother Earth before anything else, and it’s one that we would be wise to learn from.

So hear, hear, for our Pachamama, and let’s begin our journey …
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PACHAMAMA

Palo Santo
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SCIENTIFIC NAME: Bursera graveolens

Traditional name: Palo Santo

Origin: Native to the tropical forests of South America, including Perú

TRADITIONAL USES: Palo Santo or “Holy Wood” is a powerful medicinal tree revered for its aromatic wood and ancestral uses by communities in the Amazon Rainforest and Andean mountains. Traditionally, local communities harvest fallen branches or trees that have died naturally and have been resting for four to eight years. This waiting period allows the aromatic properties to fully develop. In sacred rituals and ceremonies known as sahumerios, the wood is burned, releasing a unique aroma resembling a mix of pine, citrus, and mint, with a sweet and woody fragrance. These sahumerios are used to cleanse energies, bring about spiritual purification, and ward off evil spirits. Many burn Palo Santo sticks as incense nowadays. Additionally, Palo Santo essential oil can be harvested and used topically, as it has calming and anti-inflammatory properties.

Scientific information: Palo Santo is rich in aromatic compounds such as limonene and α-terpineol, among other terpenes and essential oils, which contribute to its uses in traditional medicine. The tree typically grows up to 4–10 meters (13–33 feet), although it has been recorded that it can reach up to 20 meters (65 feet). Sustainable harvesting is essential to protect this valuable natural resource for future generations.

It was 4:45 in the morning, and I couldn’t force myself back to sleep. The electronic alarm hadn’t gone off yet, but I could hear the faint and distant crow of a rooster. My favorite natural alarm. I smiled as I turned my body around, slowly rubbing my eyes as they opened to greet the dawn of the Amazon Rainforest.

I could hear tiny frogs jumping outside, gently slapping their feet against our wooden hut; their cheeky movements were subtle, but the sound echoed through the wood, as though thick drops of rain bounced playfully against our walls. A family of insects flew through the air, whirring loudly, pulling my attention away from the frogs. Everyone in the hut was fast asleep. Our day wouldn’t start for at least two hours, but I was already impatient to see the morning haze rise above the mountains that surrounded us. Tall and imposing against a half-moon, the mountains were watching us arrive, curious about our intentions. The territory in the Southern Amazon was new to me, and I was new to it, and so it felt like a morning introduction was due.

I squinted, scanning the floor below me for any unexpected visitors. In the rainforest, I’ve encountered all sorts of creatures in our huts: lizards hiding in my shoes, frogs hanging on walls, snakes entwined in clothes. There was even a time when a tapir—one of the largest mammals in the Amazon, also known as a mountain cow—licked my friend’s face, like a dog waking up its owner. So yes, it pays to take a careful look.

No unusual guests were wandering about this morning, and I sensed my secret disappointment. But as I began to dress, I noticed a trail of ants creeping through my backpack, heading toward my socks and the legs of my bed. I quickly inspected my cargo pants—all clear. My shirt? Clear too. Checking my long black hair, I shook it vigorously, otherwise unable to identify any black ants against my pitch-black mane. Thankfully, all clear. I let out a sigh of relief—though the paranoia left me feeling itchy.

Resisting the temptation to unnecessarily scratch, I grabbed my headlamp, threw on a sweater over my shirt, and kept my hair down for extra warmth. I could hear the faint whistle of wind outside, and I knew early mornings in the Amazon were often breezy. I could almost hear my grandmother telling me que no te de viento (don’t let the wind get you), as the ancestral belief in South America reminds us that a gust of wind can cause colds or muscle aches.

I made my way out of the hut and entered the crisp but typically humid morning of the Amazon Rainforest. Chirping, squeaking, clicking: the sounds had intensified. The jungle was as alive as ever, welcoming me home. It was the third time I had entered the Amazon Rainforest that year, yet every time felt like the first. I walked a few steps around our hut, counting every scent I could detect as I closed my eyes and breathed in the rainforest: cinnamon, maracuya (passion fruit), cedar, and a slight hint of eucalyptus. I could even smell the earthy, rich and moist aroma of wet soil known as “petrichor.” This complex mixture of scents is primarily composed of plant oils and geosmin—a natural molecule produced by a soil microbe called Streptomyces. This microbe plays an essential role in decomposing organic material to maintain the health of our soils, and it also has the extraordinary ability to produce lifesaving antibiotics like tetracycline and vancomycin. The word “petrichor” is derived from ancient Greek, and means “the ethereal fluid that is the blood of the gods.” Musky, fresh, slightly sweet, and personally addictive. The intense rain that had showered us the night before was suddenly worth it. No combination of synthetic perfumes could ever surpass this natural morning fragrance.

I descended the hill, moving away from the towering dark trees and the dense flora behind our cabin. As I made my way toward the community’s center, the twigs crackled below my feet and a sliver of sunlight broke through the clouds, reflecting against the forest floor. I walked past numerous huts, some as quiet as my own, others echoing with the clattering and clanging of pots inside.

A couple of children played nearby, kicking around a partially inflated ball; their laughter filled the air as playful small dogs scurried behind them, chasing the ball. Several people were sitting outside their homes: some crossing legs next to small fires, others chatting softly while preparing leaves and peeling yucca. It was the harmonious and hypnotizing morning routine of the Amazon.

I was staying with the Ashaninka community, one of the largest indigenous groups in the Peruvian Amazon. Known for their rich history of ancestral traditions, they possess a profound ecological knowledge of the rainforest I had come to explore. We were conducting a reconnaissance of the area, which has an extreme mix of reduced oxygen, lowered temperatures and high humidity, and unique native wildlife; these life forms have adapted their physiology, chemistry, and DNA to live 1,500 meters (5,000 feet) above sea level in one of the last ecosystems of high-altitude rainforest left on our planet. I also wanted to learn more about the Ashaninka people’s ancestral plant- and animal-based medicines, which date back centuries. Most Ashaninka knowledge is preserved orally but, with the increasing threats that the Amazon is facing, their wisdom runs the risk of disappearing, along with the rich biodiversity and palpable culture.

– Kitáíteri! (Good morning) – greeted me on my arrival. Micaela, one of the kindest women I have ever met, with cooking skills like a goddess, was skillfully preparing breakfast for her family while also scattering seeds and leftover fruit for her chickens, her long black hair tied in a bun. She was a prominent female leader in the community. Her husband, Pascual, the Apu (leader) of the community, was nearby, washing his face in a bucket with fresh water drawn from the river. He was a man of medium stature, with deep, soul-piercing dark eyes, and a kind, reassuring expression. Barefoot, he wore his cushma—a striking, sleeveless, bright orange tunic adorned with geometric patterns that reflected his cultural inheritance and leadership role. These patterns, created using natural dyes, demonstrate the stories and spiritual beliefs of the Ashaninka people. Some cushmas may display undulating waves that represent water, while others may showcase triangular peaks that reflect the spirit of the mountains, or circles that emblemize the sun. Cushmas are simple yet profoundly symbolic; they embody the Ashaninka’s self-sufficiency, their deep connection to the land, and their commitment to traditional practices and ecological knowledge.

– Kitáíteri doctora! – Pascual approached eagerly, welcoming me with a warm hug, asking if our team had managed to sleep through the heavy rain of the past night. The Ashaninka are renowned for their kindness and hospitality toward guests, with a strong emphasis on collective well-being. Pascual and the community were excited to host us—a team of scientists and storytellers—as we came to document the extraordinary biodiversity of their home, and discover the profound cultural traditions that seek to preserve the rainforest. In our short time here, they already felt like family.

The Ashaninka people pursue a philosophy of “living beautifully” or “good living,” which is known in various native languages, including kametsa asaiki (in Ashaninka), jakon jaki (in Shipibo-Conibo), and sumak kawsay (in Quechua). This philosophy is prevalent across Amazonian and Andean cultures. It is fundamental to the Amazonian cosmovision or worldview—an indigenous way of seeing the world, a paradigm that embodies living harmoniously with nature. These communities see nature as an integral part of human coexistence, not as a separate entity, and their worldview involves living interconnectedly with the rivers, lands, forests, animals, and plants, taking only what is needed—just like my grandmother taught me. It is a way of living that means reciprocating with the Earth, constantly maintaining balance throughout time. It also means honoring the invisible spiritual bond we have with the natural world. Beautiful living, living beautifully, is not an individual pursuit, but rather a collective endeavor, embodying the essence of the Pachamama (see  here).

Pascual and I made our way down to the lower part of the hill, heading toward a large field at the community’s heart. The space was used for reunions, rituals, dancing, and simply admiring the environment they call home. For a few minutes, we shared the beauty of the rainforest in silence. Then Pascual noticed that my eyes were fixed on a tall mountain in the distance, and he began to recount one of the most captivating stories of creation I had ever heard.

– That is the Avireri, doctora – the Apu said, his voice deep with wisdom.

I stood silent, admiring the infinite shades of green in the mountain’s canopy that were sporadically reflecting the sparkling glares of the sun.

– In the beginning of time, everything was dark. Like when there is no moon, you know?

I nodded slowly, and he continued.

– Everything was cold and frightening. Everything was chaos. Everything was human. All we see around us, including birds, fish, monkeys, trees, flowers, streams, and hills, they were all human before taking the form that they have today; whether that be animal, floral or landscape.

– The early humans lived in perpetual darkness and disorder, in a shapeless world. Like if mountains and rivers were to disappear, you know? But humans were not completely alone: invisible beings dwelled among them.

Pascual paused, then continued. The spirits taught humans basic survival skills, imparted cultural practices, and molded human identity and character. Benevolent spirits, known as amatsénka, imparted good values like compassion, generosity, and kindness, inspiring humans to be good people. However, equally present were bad, malevolent spirits, called kamári, that rejoiced in causing harm, encouraging jealousy, aggression and selfishness, and bringing about fear and chaos in the early world.

– But then the Avireri emerged to separate day from night. Kashirí, the moon, and Pavá, the sun, male and female, ascended to the sky, giving birth to the dry and rainy seasons, while creating beautiful music for one another.

Pascual’s cushma gently billowed in the subtle breeze, revealing the bird drawings in dark ink at its hem.

He went on – Then lands and oceans were created, and some humans were transformed into animals and plants that turned our world into a beautiful one. But the spirits that inhabited the world at the beginning of time are still around today. The good spirits, amatsénka, sometimes camouflage themselves as magnificent animals with extraordinary powers that we humans can only dream of, like the hummingbird that soars high and far. They materialize into animals to experience the beauty that we still have left in the world, and they serve as symbols of good omens and protection.

– We Ashaninkas also believe that good spirits transmit us important medicinal knowledge. They talk to us through dreams to share what plants or leaves we must use to combat illnesses or ward off the kamári, evil spirits, that are still around us, causing disease, unfairness, and sadness today. It is our Ashaninka belief that nothing is ever truly destroyed; everything is transformed. And our great hero of transformation, the Avireri – he said, proudly gesturing toward the mountain in front of us – is who transformed it all.

I took a deep breath as I absorbed his words. The cultural significance of these lands felt immense; as the story unfolded, the mountains seemed to grow more majestic, and my commitment to respectful exploration deepened.

– My grandfather, a sheripiári (shaman), used to tell us that the Avireri chose these new forms based on the behavior of the early humans – Pascual continued. This means that the human essence persisted in the new being after transformation. If the human was mischievous, the transformed being was mischievous. If the human was generous and giving, so it was in its next form of life.

Pascual explained that if a human was overly violent, the Avireri transformed them into wasps. Those caught stealing became monos choros (stealing monkeys).1 Those who prepared the best drinks became native bees that made delicious honey. Tree-cutters were turned into woodpeckers, those who drank excessively were changed into flies who were attracted to fermented beverages, and enemies were morphed into rocks. Legend even has it that an invading ship was transformed into the cliff we see in the Tambo river, and its sailors were perpetually transformed into dozens of ants.

– These transformations mean that when we die, it is only because our life has been taken by the natural world; our spirits continue to live in a river, an animal, a flower, a mountain, a tree, forever interconnected – he said, interlocking his fingers in a symbolic gesture.

Pascual added that his grandfather was now a powerful medicinal tree found deep within the forest. To this day, he provides them with curative leaves and roots that are essential ingredients in their traditional medicines, including some that treat against COVID-19. I couldn’t help but wonder what my great-grandmother, my sweet leona (lioness), might have become in the Ashaninka realm. Perhaps her nickname became her reality.

– Everything in our world has a spirit and is alive.

Pascual’s voice brought me back to the present. He explained that their community seeks the Avireri’s permission and blessings before entering the mountains to hunt or forage. They do so through quiet prayer rather than through offerings or rituals. They ask the Avireri to protect them as they navigate the forest, feeling their bodies fill with positive energy. Each prayer is individual to the Ashaninka. They are encouraged to speak to the Avireri in their own words, expressing their unique emotions, thoughts, and hopes for the journey. This respect for the great transformer is a commitment to reciprocate what they take, and to seek protection when they wander deep into the heart of the Amazon. Sometimes trekking too far into the rainforest leads to encounters with hungry, ferocious wildlife or deadly poisonous species, but if the Avireri is sought, these will be peaceful interactions. However, those who disregard the respect for the Avireri always face the same fate: none ever returns.

– So everything on our planet possesses a human-like spirit – I repeated, as my mind sought to understand such ancient wisdom.

It became clear to me that there was little room for the Pachamama or stories of the Avireri in my formal scientific education. In conventional science, mountains do not talk, rivers do not embrace powerful spirits, plants do not share their curative powers through dreams, and animals do not guide you in times of need. There is no way of quantifying or measuring these premises. As such, many would discount these stories as illogical beliefs. They would set them aside, leaving them for indigenous people and self-made gurus who claim to have the solution for each and every problem. This realization led me to understand that the Pachamama transcends scientific inquiry. And yet, the disconnect between ancient wisdom and modern science is accelerating the loss of all that is beautiful in our world.

– Our entire Pachamama is alive, doctora – Pascual wisely added.

Somewhere within, my ancestral roots resonated with this truth.

I’ve always straddled the worlds of spiritualism and science. Growing up in Perú, my grandmother taught me how to cultivate, prepare, and grow remedies right in our backyard. She had learned these techniques from the elders in her community many decades before. She taught me how to talk to and tap in to the wisdom of the soil, the flowers, the water, the animals, and the sun. They can all hear you – she always said.

Meanwhile, during my years pursuing a scientific career in the Western world, my mentors taught me how to question every piece of evidence and collect tangible data—only relying on what I could irrefutably see and count. They taught me to stick to the parameters of scientific examination, as science, they said, is the highest expression of human intelligence; it is the only explanation of the natural world that we can trust.

In biological terms, rocks, mountains, and rivers aren’t alive. To be “alive” biologically speaking requires the ability to grow, reproduce, and respond to stimuli in a measurable manner. Since the birth of modern science, a rigorous methodology based on logical analysis and evidence has dominated our quest to understand the natural world. Integrating both experimental and mathematical techniques, skepticism and observation was central to the scientific method of discovery throughout history.

And yet, I see great strength in bringing together my scientific training with my indigenous soul to offer new ways of seeing. Even within scientific disciplines there are different ways to define life. Consider physics, for example; physics teaches us that everything in the universe is composed of particles and fields, and the behavior of these are dictated by the laws of physics, which are based on ever-evolving mathematical models used to approximate the laws of nature. These laws are applied uniformly to all particles, whether considered living or non-living entities. Intrinsically, at the atomic and subatomic levels, there are no differences between the particles that make up our human bodies and those that make up a bed of rocks or water flowing down a river. So, to a biologist, perhaps the lens of the Avireri has as much to teach us as the perspective of physics.

Whether viewed through the Avireri or the principles of physics, the question arises: can we find a reality where we more fully embrace the ancestral wisdom of our lands? Is there a way to reconnect with our Pachamama, our natural world, by exploring alternative and creative methods of understanding life? Throughout my scientific journey, it is the fundamentals of dance improvisation that have led to my most significant findings and progress. It was through dance that I was inspired to explore the fluidity of molecular movement that led to novel antibiotics; and through the arts I discovered the importance of socio-emotional communication when it comes to influencing policy. It is the questions we pose and the stories we tell that define how we see the world; and it is these ways of seeing that become the catalyst for who we are and how we act. So how do we listen to those who see differently?

It is this very question that keeps me returning to the rainforest. As a scientist, I feel the urgency to document life forms that have historically gone ignored, and yet play a key role in maintaining local ecosystems, even holding the key to discoveries that benefit the rainforest and humankind. Yet, as an indigenous Amazonian-Andean descendant, it is my right and responsibility to show that nature doesn’t occur independently of culture and people, and thus, science shouldn’t either. It is my upbringing, identity, and closeness to the rainforest that encourage me to integrate modern science with indigenous wisdom, elevating academic and ancestral knowledge. What can we learn from the rainforest to help us find new ways through which we can see nature, inspiring empathy and fueling curiosity? And how can this help us to protect our planet? I am on a mission to find out.

Higher on the horizon, the sun’s golden tendrils pierced through the thick canopy. The haze was now clearing, indicating it was time to return to the hut and join my team for a hearty breakfast. I picked up my sandals from the ground, and began my journey back; the crisp sensation of the grass below my feet was refreshing and calming.

As I ascended the hill, my heartbeat grew stronger. I was thinking of the large, warm loaf of bread I planned on dipping in hot coffee and devouring. But, as I passed the huts, I heard the faint sound of someone singing softly in the Ashaninka language and my curiosity got the better of me. As I followed the sound, I peered into a hut and saw Marina, the Apu’s mother.

Marina was a beautiful elder Ashaninka woman with mid-length hair as black as night, and tanned skin adorned with joyful wrinkles from a lifetime in the jungle. She wore long heavy necklaces strung with beads of different sizes. The beads accompanied her singing, rattling as she moved her body. Her face was decorated with red paint in geometric shapes, both to shield her from the approaching sun and to express her intentions for the morning. She was wearing a cushma of a dark orange hue, with long black curvy lines running along the bottom, reminding me of the underground network of plant roots.

As soon as Marina saw me, her eyes widened and a broad smile lit up her face, calling me to approach. Marina didn’t speak Spanish, and she knew my Ashaninka was currently limited to kitáíteri (good morning) and pasonki (thank you), yet it seemed like she wanted to share her extensive collection of natural remedies with me. She was in the midst of preparing a traditional medicinal ritual that can only take place early in the morning, before the sun has reached its zenith in the sky.

We stood beside her home, sheltered under a beautifully constructed tent made from sturdy tree trunks and lush leaves that provided shade. Right in the middle, Marina had started a fire that simmered with white embers. An old and blackened cooking pot sat on top of the fire, filled with water that was approaching boiling point. Next to Marina lay a fascinating assortment of rocks, leaves, twigs, and roots, spread out on the bare ground.

Marina hugged me, then guided me around while speaking words in Ashaninka that I couldn’t grasp, but which somehow made sense. It seemed like the rocks originated from a special location toward the right side of the mountains. The leaves and roots varied in sizes and color, and while I recognized some, others were entirely new to me.

As I examined her collection more closely, there was one fragrance I instinctively recognized, causing my eyes to light up. Marina sensed I recognized the Palo Santo, and she grabbed more of the aromatic wood from a hidden corner, bringing it closer to me so that I could fully appreciate its rich scent. A woody, resinous tree bark with hints of warm spice and the slight freshness of citrus. The sweet, soft smell of growing up in an Andean-Amazonian rooted household.

Palo Santo is an essential element in various spiritual and energetic ancestral rituals, including the sahumerio—a ritual my grandmother prepared three times a year without exception. In the center of our old and discolored Teflon cooking pan, she would burn the Palo Santo, along with apples, hissing oranges and limes, and cinnamon sticks and cloves that occasionally sparked in the heat, letting the smoke fill every room in our home. Before she began, she would scrutinize the rectangular pieces of bark with a discerning eye, sniffing to gauge the age of the tree and the natural scent and stickiness of the resin—key indicators of the tree’s medicinal and spiritual potency. Following the sahumerio, we would bathe ourselves with roses and other flowers we’d hand-selected from the street market. I distinctly remember the steamy bathroom awakening all my senses. My grandmother and I seemed to share a genetic affinity for the allure of roses. This final step, after dispelling evil entities, invited in the spirit of tranquility, beauty, and hope that was living within the flowers. It didn’t hurt that my skin smelled like roses for days after.

The traditions of sahumerio extend much further back than my grandmother’s and Marina’s era. When Spanish explorers first arrived in the New World, specifically Mexico in 1529, they documented the indigenous practice of burning copal, a tree resin closely related to the Amazonian Palo Santo. This was used along with other aromatic herbs for spiritual and medicinal cleansing. The Maya would add dried flowers or floral honey into their sahumerio rituals as offerings to the eagle goddess Chantico, seeking to attract love and romance. Sometimes, their sahumerios would burn day and night, which I understood to mirror the passion of a lover.

In Panama, archaeological charcoal from burned aromatic woods, typical in sahumerios, has been found in multiple burial grounds dating to around ad 1000. This suggests that the pre-Hispanic societies of the Isthmo-Colombia Area conducted sahumerio rituals during burials, probably to purify the souls of the deceased on their journey to the afterlife.

Marina’s pot of water had reached a rolling boil. Tiny bubbles at the bottom of the pot grew from gentle whispers to louder murmurs, erupting on the surface. Each bubble burst and popped as the water simmered vigorously. Marina began to add the mountain rocks into the pot, one at a time. With each addition, the water hissed and sizzled, surging and occasionally splashing over the rim of the pot and into the crackling fire below. Through expressive hand gestures, she explained that the rocks would remain in the boiling water until they, too, were scalding hot. The leaves, twigs, roots, and Palo Santo would be used later. It was a different experience to the sahumerio I had grown up with, but I was fascinated by the intricacy of her process as she continued some of the oldest ancestral practices for traditional medicine that our planet has to offer.

Marina’s niece came running toward her, pulling the bottom of her cushma, just as I would have done to my grandmother when she showed me the natural pharmacy she had built in our home garden. The young girl wanted Marina to see something she had found next to a large, incredibly thick tree—this, she articulated by stretching out her arms as widely as she could. Marina laughed with the same infectious energy that my grandmother had always shown me. At the age of six, when I dreamed of being an astronaut, I once dragged her out the warmth of her bed to gaze at Las Tres Marías (the Three Marys), part of the constellation Orion. When I was ten, and had moved on to a dream of becoming a nature doctor, I dissected savila (aloe vera) on our kitchen table, fascinated by its thick leaves and the gooey insides.

Marina’s eyes reassured me that she would teach me everything I yearned to learn, and then she turned to exit the tent, matching her niece’s pace. Before I showed myself out, I stood by the boiling water as it extracted the chemical potency of the plants. Thousands of molecules combined and joined forces in the pot. Similar to the art of making good tea, the water must boil to unlock the leaves’ benefits. I wondered whether the special mountain rocks, or the potential microbes within them, had any biological impact on this process. Did the vapors carry volatile components with medicinal properties, acting immediately upon inhalation? I vowed to return to continue learning from the Ashaninka wisdom.

Back at the community center, Pascual announced it was time for him to help prepare the masato drink, or else Micaela would be seriously mad. I laughed as I tried to picture the wise Apu involved in a domestic scenario with his life partner, like those I had with my husband if he was running late with the milk for breakfast.

I have always found masato fascinating, as it embodies the transmission of knowledge through generations in the Amazon and demonstrates a sustainable use of land that brings joy to its people. Although you can now find it in fine restaurants that carry an Amazonian theme, masato is traditionally enjoyed from bowls crafted from dried fruits.

The Amazonian drink is made from fermented yucca. The process begins with peeling the starchy root, then grating and crushing it to extract the juice. In a time-honored tradition, Amazonian women may chew the yucca to begin the process of fermentation, adding natural enzymes from their saliva.2 Mildly sour and effervescent, this drink is a cornerstone of Amazonian culture. It plays a vital role in social events, festivals, and rituals, symbolizing the Ashaninka’s hospitality and community spirit. Beyond its cultural significance, masato is also central to how they relax and socially interact between arduous tasks.

There are thousands of other cultural and medicinal traditions that are rooted in the natural resources of the Amazon: plants, bark, leaves, animals, rocks, waters, soils … many life forms and ecosystems encoding unique chemistry and genetics that could contribute to regenerating our rainforests. Perhaps it is within the subtlety of exploration and indigenous wisdom that we will find the future of sustainability.

– It’s for the kametsa asaiki (good living) – Pascual said with a cheerful wave, heading back to his home. As the clouds parted, giving way to a new range of mountains behind us, he added – To living beautifully, doctora.
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A RIVER THAT BOILS

Yacu wasca

[image: ]

SCIENTIFIC NAME: Doliocarpus spp.

TRADITIONAL NAME: Yacu wasca

ORIGIN: Native to the humid rainforests of Central and South America

TRADITIONAL USES: Yacu wasca, where “yacu” means water in Quechua, is a climbing liana commonly found throughout the Amazon. It is known for its ability to store water in its roots and stem. When cut, the vine releases pure, crystal-clear water, accumulated from rain and humidity. It’s like turning on a faucet in the heart of the jungle, releasing water with a subtle sweetness and a refreshing crispness. Amazonian people, with their profound ecological knowledge, can distinguish between the water vine and a similar but poisonous vine. The water from the latter has a bitter taste and causes short-lived intense diarrhea and stomachache, though it does not pose an immediate life-threatening risk.

SCIENTIFIC INFORMATION: Most Doliocarpus spp. are lianas, with many having developed an intrinsic system for water accumulation, allowing them to thrive in the challenging conditions of the Amazon. Although the liana can grow extensively, climbing high into the canopy to access the sunlight, its growth metrics have not been thoroughly documented. Thought to possess a unique blend of phytochemicals, little scientific investigation has been conducted to determine the chemical and biological profile of this lifesaving liana, for times when potable water cannot be found.

– A river that boils?

The Peruvian researcher with whom I had been conversing for the last half-hour scoffed from behind his wide wooden desk. Although we were in peak summer, the office felt 10 degrees colder inside.

– We have no volcanoes in the Amazon, Miss Rosa.

I reached for my bag, intending to show him the evidence I had meticulously gathered, including a copy of a TED talk I had recently viewed. In it, the scientist Andrés Ruzo revealed to the Western world the existence of a boiling river – a river so intensely hot that it literally boils, located deep within the Amazon. However, before I could get my hands on the folder I had so carefully prepared, he interjected, deliberately enunciating each word as if I was struggling to understand him.

– Miss. Here, he paused. A “boiling river” would need a source of constant heat; it’s simple.

He stood up from his leather chair with his hands in his pockets, indicating it was time for me to leave.

– Didn’t you say you were a scientist?

Some natural wonders have to be seen to be believed. Not only do they express ultimate beauty—they also harbor unfathomable mysteries that have eluded full scientific explanation. In the rainforest, for centuries, our ancestors accessed these wonders, attributing their formation and protection to powerful spirits.

I always knew I’d return to the forest. And it was right in the middle of completing my doctorate in Chemical Biology, and bouncing back from dozens of rejections, that I reached an incredible goal. This milestone was, in fact, the main reason I pursued a Ph.D. in the first place. After hours of time and effort, I obtained funding to come back home and study the lands of my heritage. This expedition proudly earned me the title of National Geographic Explorer.

I traveled over 5,600 kilometers (3,500 miles) from the Northern United States to Lima, the capital of Perú, to join an experienced and interdisciplinary team of explorers who were researching one of the most extraordinary and unexplained ecosystems I had ever seen in the lush rainforest. From Lima, we boarded a small plane bound for the Central Amazon, where we loaded our research gear and tools into 4x4 trucks and embarked on an off-road adventure across serpentine terrains to a secluded area.

After an hour or two on the rugged roads, our truck veered right, navigating through a maze of bushes, trees, and uneven hills. The wheels churned against the ground, kicking up clouds of sand that hung in the air like mist. The vehicle zigzagged: right, then left, straight, and left again. Clutching my equipment—and my stomach—I braced against the vehicle’s G-force, silently promising myself that I would eat a lighter breakfast next time.

As we continued our descent, the road became less treacherous and the trees ahead grew taller. We were close. Months of intense preparation and years of longing had brought my scientific knowledge back home. It wasn’t just the winding road that twisted my stomach. It was also the anticipation of reuniting with the ancestry of the rainforest after years of working inside a white-walled laboratory.

Between the vibrant greenery stretching toward the deep blue sky, the vista opened up to reveal endless steam columns rising among the tree canopies. If I didn’t know any better, I would have thought that the steam was the result of a forest fire. Instead, here, the steam created an aura of wonder that seemed to pause time. If there were no volcanoes nearby, what could possibly be creating this much heat in the middle of the jungle?

The vapor rising from the scorching hot waters emerged with remarkable strength and volume, making it impossible to tell where the steam ended and the clouds began: a seamless union between land and sky. Even before it came into full view, the Boiling River announced its grandeur.

We exited the trucks carrying our luggage and scientific equipment, eager for some stable ground. As we approached our huts, I noticed a sign marked “Agua Caliente” (hot water) that was dripping with condensation from the steam trapped between the trees. I carefully approached the riverbank and was met by waters simmering so fervently that I could hear the powerful bubbles popping continuously and methodically. Blup, blup, blup.

The scorching vapor wafted toward us, and the heat and humidity stiffened our breathing, making each inhale heavy and thick. These vapors are thought to possess healing properties for both body and spirit, similar to the first Finnish saunas, created over 2,000 years ago, where water was splashed onto heated stones to generate steam for spiritual and physical purification. But in this corner of the Amazon, nature takes care of that on her own.

The Boiling River of the Peruvian Amazon is a remarkable ecosystem that continues to push the boundaries of science. It’s an environment so extreme that over centuries it became the stuff of legends, with only the most powerful shamans daring to go near it.

It is considered one of the largest documented thermal rivers in the world, flowing hot for nearly 6.5 kilometers (4 miles), reaching nearly 99°C (210°F) in some areas. The temperature is so hot that any small mammal that falls into it will instantly boil alive.

Unlike many other known hot springs, like those in Yellowstone, or remote regions of Iceland and Japan, the Boiling River is a non-volcanic thermal spring. Studies are ongoing to determine how the river boils. The most widely accepted theory is that the waters are heated to extreme temperatures deep within the Earth, flowing at great speeds along naturally occurring cracks that pierce through rock and sediment, finally reaching the surface and giving birth to a river that is constantly boiling. In line with the earliest written records, it’s thought that the river’s water has boiled for nearly two centuries, dating back to the era of the ancestors of one of the leading shamans in the area.

Through generations, the Boiling River has been revered as sacred. Its traditional name, Shanay Timpishka, roughly translates to “boiled with the heat of the Sun,” and various points along the river are believed to harbor their own unique and powerful spirit.

If you look closely, somewhere past some of the hottest sections of the river, you will find a boulder that sits on the bank and is shaped like a giant serpent’s head. There lies the Yacumama. “Yacu” means water and “mama” means mother, a mythical creature depicted as a giant snake that is the origin of the river’s hot and cold waters, and continues to safeguard it against any harm. The Yacumama is considered the mother of all life in the water, maintaining balance in the ecosystem. Many believe that this spirit can cause a whirlpool and suck up any creature that dares to come too close, or may even spout water, causing flooding.
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