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  The fact that a plant should secrete, when properly excited, a fluid containing an acid and ferment, closely analogous to the digestive fluid of an animal, was certainly a remarkable discovery.”




  —Charles Darwin
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  MINDY LIGHTHIPE






  
Foreword





  Welcome to the amazing world of carnivorous plants! This book will not only introduce you to these unique plants (they eat meat!) but also open your eyes to their evolutionary history and your role in their appreciation and conservation so that future generations can experience them.




  Most of my youth was spent in the arid desert. I heard about weird plants called Venus flytraps on television or saw them in the pages of National Geographic. They seemed like alien beings from another world, a watery world in which plants could live in boggy conditions and hunt and consume prey.




  My first in-person encounter with one of these beauties was Sarracenia alata (yellow trumpets) in coastal Mississippi. It was flowering throughout a seasonally flooded roadside field. Seeing the field while driving forty miles per hour, I thought it was a massive planting of daffodils, but I knew those plants didn’t grow so far south. My curiosity was sparked, and a new world opened up to me!




  And then I moved to Florida. Despite rampant development, Florida still has amazing natural lands that are home to a vast array of native plants and plant communities. There is so much intriguing natural history to learn and thousands of acres to explore. Once you realize the evolutionary adaptations that plants have made to survive their environments and predators, taking a hike can be like stepping back into ancient history.




  It is both humbling and life-affirming to realize that many of Florida’s native plants have been around a lot longer than we humans have. The complexity of their survival strategies—from the ways they communicate with other plants and organisms using chemicals to their flexible gender identification—wow!




  I hope that you take the time to experience Florida’s carnivorous plants in their natural habitats. The more you learn about something, the more likely you are to love and protect it. I hope that everyone who reads this book is inspired to save the last remaining tracts of wildness before they are paved over and destroyed forever.




  —Juliet Rynear,
former executive director of the Florida Native Plant Society









  
Preface





  One day in AP biology class at Niagara Wheatfield High School in Niagara Falls, New York, we had a guest lecturer. He was the cryptic hall monitor. He went unbeknownst to students until they were caught being mischievous. On that day, Mr. Bruce Herman stepped up to the task of entertaining Mrs. Weber’s six periods of bio. The topic was carnivorous plants, specifically their care. I had cared for a few Venus flytraps prior to his presentation, and all their verdant leaves had turned black within weeks.




  As Mr. Herman explained, I quickly comprehended my multiple mistakes that had led to my plants’ swift demise. Near the end of the presentation, he announced that he would be gifting Mrs. Weber’s classroom with a terrarium and several Nepenthes for us to monitor throughout the school year. I was the only one, surprisingly, out of the 120 students, to show genuine interest. His passion captivated me. It revived my passion for plants. Until then, I was all about animals. And with my home pet population nearing capacity, I was sure my parents would be more receptive to a few carnivorous plants compared to another duck or goose.




  For me, carnivorous plants represented some bizarre cross between botanical beauties and carnivorous animals. They are astonishing. I spoke to Mr. Herman after class and expressed my desire to own a Venus flytrap once again. But this time I would be able to keep it alive for years. The next day in the hall, he gifted me a Venus flytrap and a Cape sundew.




  A few years later, in college, I met Ryan McGhee, who shared my botanical fascination. We wanted to share our enthusiasm for plants—specifically carnivorous ones—with the region. I knew exactly who to contact for more detailed growing information. Mr. Herman provided us with more specimen plants and taught us plant propagation techniques for carnivorous plants and daylilies. His mentorship allowed us to start the Western New York Carnivorous Plant Club. We met monthly over two years, and I presented on each of the common genera hobbyists grow. We had friendly competitions that led to further knowledge regarding each plant’s optimum growing conditions.




  Ryan and I moved to Florida, where we relished in all the things we could grow in our subtropical Tampa climate. I procured a Florida state nursery license and started selling carnivorous plants throughout central Florida. I was so successful I was able to use profits from my carnivorous plant business to pay for my master’s degree in global sustainability. I wrote five TED-Ed Talks, including one on carnivorous plants that has been viewed over 1.9 million times. I then became active in the International Carnivorous Plant Society, serving on the board as the education director.




  It’s easy to undervalue the guidance and knowledge of a tranquil person. Thank you, Mr. Herman, for capturing my attention, which ultimately led to writing this book on Florida’s carnivorous plants and their care.
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Carnivorous Plants





  A tiger’s incisors, a cobra’s venom, and an owl’s talons are all adaptations for capturing and killing prey. These adaptations occurred over eons of evolution and turned these animals into precise predators. A hunter’s adaptation is the result of competition and balance due to changing ecosystems and migration. The same is true of carnivorous plants.




  All carnivorous plants have evolved modified leaves specialized for capturing and digesting prey to acquire nutrients. In addition to their ability to eat animals, one of the most fascinating details about carnivorous plants is that they are not closely related to each other. This means that carnivory in plants has evolved over millions of years, at different times and in different places, separately. These plants have descended from several different ancestors. We clump them all together because of their strange predatory method of gathering nutrients, but most of them are not closely genetically linked.




  While most plants cannot live in the harsh habitats of bogs and swamps, carnivorous plants flourish there with their meat-eating adaptation. With other plants absent, carnivorous plants receive plenty of sunlight due to the lack of competition.




  Wetlands, bogs, and swamps are usually sluggish bodies of water. This means no streams or rivers run through them. When plants die, they stay in the area and decompose. Since their acidic chemicals are not washed away, they pile up. Most microorganisms, which normally help break down dead plant matter, can’t live in acidic conditions. Without decomposition, the dead plants do not turn into nutrients that living plants can use.




  Other plants in nutrient-rich locations extract essential nutrients like nitrogen, phosphorus, and potassium through their roots. In nutrient-poor soils, plants that could benefit from the digestion of animals were able to survive. These plants passed on their traits to their offspring. With over seven hundred species of carnivorous plants found globally, we know that being able to digest insects and small animals has proven to be a useful adaptation.




  Like other plants, carnivorous plants obtain their energy through photosynthesis. Green pigments called chlorophyll capture light energy and convert it into sugar. The sugar is then used by the plant as energy. What makes carnivorous plants different from traditional plants is that they are predators. They are not simply defending themselves; they are on the offense. Around the world, carnivorous plants kill animals—ranging from microscopic protozoa to rats—to acquire nutrients. These nutrients help them stay healthy, fight off pests and disease, and grow into mature plants capable of reproduction.




  Although carnivorous plants have descended from several different ancestors and are not necessarily related, they do share some traits. For a plant to be considered carnivorous, biologists generally say that the plant can capture and kill prey, is able to digest the prey, and benefit from the digested nutrients. But noncarnivorous plants can do some of these things as well. What is and what is not a carnivorous plant is a sacred topic, not a scientific one—thus the debate.




  Plants that don’t have all three of the above traits are sometimes referred to as semicarnivorous or paracarnivorous. In environments with lots of nutrients found in the ground, being able to catch and digest bugs is generally not helpful, as it requires energy to move and make traps and produce digestive enzymes. In these environments noncarnivorous plants would outcompete carnivorous ones by growing taller faster.




  While most carnivorous plants will grow without eating prey, they may not thrive. Carnivorous plants that get nutrients from prey grow larger and are healthier. If you care for carnivorous plants in your house or backyard, it is a good idea to provide them with snacks. You can do this by growing them outside or by hand-feeding them insects.




  Carnivorous plants generally need more water than most other terrestrial plants; this is especially true of those native to Florida. Many carnivorous plants (including Venus flytraps, North American pitcher plants, bladderworts, and many sundews) do well in the tray method, where potted plants sit in a tray of water. We’ll talk more about this as we explore Florida’s genera of carnivorous plants.




  CARNIVOROUS PLANTS HAVE EVOLVED TO LIVE IN MANY DIFFERENT HABITATS, NOT ONLY IN FLORIDA BUT AROUND THE WORLD.
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 Drosera filiformis var. floridana. MANNY HERRERA
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 Drosera intermedia. ALEX ROUKAS
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  Catopsis berteroniana. CELINE LEROY









  
Carnivorous Plant Life Cycle





  Angiosperms are plants that produce flowers, which when pollinated produce seeds. These fertilized seeds grow into new plants. All carnivorous plants are classified as angiosperms and can produce seeds. In addition to growing new plants from seeds, gardeners can also grow new plants using several additional methods.
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  All carnivorous plants are angiosperms and produce flowers, like these Utricularia resupinata in the Webb Wildlife Management Area in Charlotte County, Florida. ALAN CRESSLER




  Propagation Methods of Carnivorous Plants







	Sexual (Seed)

	Asexual (Vegetative)






	Hybrid—a plant that was produced by crossing two plants of different species or cultivars. Gardeners will take pollen from one plant and rub it on the stigma of another plant. This is called pollination. It’s not too difficult. Bees do this accidentally all the time.

	Cuttings—many carnivorous plants can be multiplied by taking pieces of their leaves or stems and placing them in damp soil or water. Once they form roots, these cuttings can be transferred into a pot, where they will grow a clone of the original plant.






	Division—pulling a rhizome apart can create two or more plants.






	Purebred—a plant that was produced by parents of the same species or cultivar.

	Micropropagation—this is the practice of multiplying plants from small pieces of almost any plant part, including anthers, petals, pollen, stem tips, or tissue. Sometimes only a single cell is needed!






	Plantlets—some plants produce baby plants at the end of their stems or leaves. Press these plantlets into soil. Once they develop roots, separate them from the parent and place them in their own pot.
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 With proper care, this Dionaea ‘Fused Tooth’ can live over twenty years.
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  Many carnivorous plants that you’ll want to keep are from areas of the world that have a range of temperatures throughout the year. The Venus flytrap, for example, is native to the Carolinas, which experience chilly winters. North American pitcher plants (Sarracenia) in their native environment also experience mild to warm summers and freezing winters. These plants are called temperate plants. Temperate plants do best when they are given time to go into dormancy. Like animals going into hibernation, dormancy is a survival tactic. When daylight and temperature decrease, plants cannot perform photosynthesis. During the cooler months, these plants will lose leaves and stop growing. Do not throw them away! They are simply resting. Many customers have told me they have composted what they thought were dead plants in the fall. I believe they have thrown away healthy plants that were dormant. In the spring, they will wake up from dormancy and start growing again. Many carnivorous plants are perennials. Perennials take more than two years to reach maturity. Sarracenia take three to five years to mature. Venus flytraps take four to five years to mature and can live over twenty years. You can keep them indefinitely if you continually separate offshoots.
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  Annuals, like radishes, reach maturity within one season. Carrots are examples of biennials, which take two years to complete their growing cycle. Venus flytraps, take more than two years to reach maturity and are classified as perennials.
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 Many carnivorous plants go through a period of dormancy. Don’t throw them away. Trim off the dead leaves and wait for spring.




  If the amount of light and heat a temperate plant receives does not decrease, the plant usually weakens and may die. Dormancy allows plants to rest. In the Growing Carnivorous Plants section, we will discuss ways to mimic dormancy in your house.




  PLANT VERSUS ANIMAL DIGESTION




  Most carnivorous plants use digestive enzymes to break down their meals. Digestive enzymes are protein molecules that help speed up the chemical reaction that turns the prey into nutrients that can be used by the plants.




  Your salvia has digestive enzymes in it. Animals and carnivorous plants produce different types of digestive enzymes. Each helps break down different nutrients. We humans have amylase, which breaks down carbohydrates and starches; protease, which handles proteins; and lipase, which works on fats.




  Scientists have found in carnivorous plants these three digestive enzymes as well as at least a dozen others, like chitinase, esterase, peroxidase, phosphatase, and ribonuclease.




  EVOLUTION




  Carnivorous plants evolved independently around nine times. When sunlight, water, and nutrients—the basic elements plants need to survive—are jumbled, “life, uh, finds a way,” as Dr. Ian Malcolm in Jurassic Park eloquently describes. Plants whose random mutations enabled them to extract nutrients from insects, rather than the soil, thrived. And it was not until recently that we understood how.




  A carnivorous plant takes in nutrients from prey, which in turn gives the plant an advantage for growing or reproducing. Carnivorous plants also must actively lure, attract, and trap their prey.




  When studying an organism’s origin story, most biologists look at fossils. Fossils can show how organisms have changed over time. Fossils are usually formed by the hard parts of organisms, such as bark, bones, teeth, and shells. Since carnivorous plants do not have those, only a few fossils of them exist. Using molecular clock models based on determining the mutation rates of biomolecules, it is estimated that some carnivorous plants evolved ninety-five million years ago and others as recently as 1.9 million years ago. Scientists agree that there isn’t one single origin story for all carnivorous plants.




  Venus flytraps and sundews shared a common ancestor sixty million years ago, while pitcher plants of North and South America originated around forty-eight million years ago. Biologists who have studied the genes of Venus flytraps have learned they are closely related to sundews. Venus flytraps and sundews produce the same type of acid to kill their victims. The most recent botanical carnivores evolved in the bromeliad family around 1.9 million years ago. Today carnivorous plants are found on every continent except Antarctica. Florida has more carnivorous plant species than any other state. We’ll talk about why Florida is a hotspot of biodiversity in the section Florida’s Carnivorous Plants.




  Noncarnivorous plants can absorb fertilizer through their leaves. This is known as “foliar feeding.” If plants can benefit from absorbing nutrients through their leaves, you can imagine that over millions of years, leaves that happen to have hairs that could catch raindrops and nutrients would have an advantage. If an insect died in the liquid, the plants would have an even bigger advantage. These plants with more hairs would outcompete their neighbors and pass on their traits to their offspring, just like how you acquired traits from your mother and father. Plants that happen to have inward-curved leaves that collect and funnel nutrients would have an advantage over those that had outward-curved leaves.




  Pitcher plants create proteins to protect themselves against attackers such as fungi. Fungi support their cell walls with chitin. Chitin is also the basis of arthropod exoskeletons. So proteins that were first used to fight fungal parasites eventually become chitinase, the chemical that breaks down insects. Plants that were able to repurpose their molecules had an advantage over those that did not. Today, Sarracenia, Nepenthes, and Cephalotus (three types of pitcher plants) have chitinase in their digestive enzymes at the base of their pitcher, which breaks down their meals.




  Although North American pitcher plants, tropical pitcher plants, and Australian pitcher plants all have a common name and similar trapping methods and digestive enzymes, they evolved independently from one another. This is called convergent evolution. These three pitcher plant families are separated by millions of years of evolution. The Australian pitcher plant is more closely related to the noncarnivorous starfruit tree than it is to the other pitcher plants.




  Since carnivorous plants are indeed plants, they must get nitrogen and phosphorus by some means. And evolution has a compromise. Carnivorous plant leaves that trap animals are less efficient for photosynthesizing than regular leaves. Unfortunately, the more trapping leaves, the fewer photosynthesizing leaves a plant can have. This means they have fewer photosynthesizing leaves than a regular plant and generally need to live in areas that have a lot of sunlight. This is why Venus flytraps and many sun-loving Florida carnivorous plants are not doing well now—they are being shaded by larger noncarnivorous plants and can’t compete.




  TAXONOMY
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  Taxonomy is the part of science that names and classifies organisms. In the early 1700s, Swedish scientist Carl Linnaeus created a way to name and organize species that we still use today. He created a two-part naming system for all living things that helped reduce misunderstanding. Since many carnivorous plants eat flies, people in different parts of the world, with different languages, may be confused when discussing flytraps. But when people refer to a plant as Dionaea muscipula, they can be sure they are referencing the same plant. Using Latin (and sometimes Greek), Linnaeus was able to standardize the naming of species for all scientists. Latin was a good choice because it is a dead language, so it is not constantly changing, and it is a universal choice, with no countries being able to claim taxonomy.
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