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PREFACE



I find it ironic that this introduction to the revised edition of The Savage Garden is the final section of the book I am completing, only one week after returning from the 2012 International Carnivorous Plant Society (ICPS) conference hosted by the New England Carnivorous Plant Society. I had a wonderful time at the conference, and in a presentation I gave, I briefly told the audience some details of this new edition. The irony is that at the very first world conference of the ICPS, held at the Atlanta Botanical Garden in 1997, I gave a slide show preview of the first edition of the book. Little did I truly comprehend at the time the potential impact of the book. It won the American Horticultural Society’s book award in 1999 and became a best seller in the genre, and only two weekends ago in New England I autographed dozens of copies for attendees of the conference. Nearly all of the books were well worn, well read, many with colorful bits of paper bookmarking sections of the book important to the reader—well, I was humbled and pleased.

The Savage Garden was not just a coffee table book of pretty pictures, but a resource that people actually read for the helpful information it contained. It was the type of book I wish had existed when I was a kid in the late 1960s, when carnivorous plants first took hold of my life, yet information on them—especially how to grow them—was sorely lacking.

There have been many ICPS conferences since 1997 all over the world, from Japan to Australia, from Europe to North America. The one this past month in New England was startling not only for the amazing show of fantastically beautiful carnivorous plants on display and for sale, but also for the delightful variety of people attending. Adults and kids, men and women, boys and girls—things have certainly changed since I was a teenager—when you could count on one hand the serious growers of carnivorous plants in the United States. Since then, thousands of people all over the world have found the hobby an intoxicating experience. Carnivorous plants are educational, sometimes challenging, utterly and strangely beautiful, and a lot of fun to grow! Plus, unlike other plants—they don’t just sit there!
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So how does this revision differ from the first edition? A lot has happened in fifteen years.

Most of the cultivation information has remained primarily intact, but I have tweaked and fine-tuned many details learned over the years. Much of this has come from customers of my nursery, California Carnivores, who have done things unimaginable a decade and a half ago. Other changes came from continual experiments at our nursery, resulting in adjustments to soil recipes, or discovering the cold and freeze tolerance of various subtropical plants. The results were often surprising.

Perhaps the greatest changes have occurred in the identification of many of the plants and the astounding numbers of new species discovered and brought into cultivation in the past fifteen years.

When I first wrote The Savage Garden, for example, most of the varieties of Sarracenia, the American pitcher plants, had nicknames only, such as “red tube” or “coppertop” or “okee giant.” All of these plants, and many new ones discovered and cultivated since, now have true names (see Registered Cultivars).

The vast number of new species that have been discovered and identified is truly amazing. When I first wrote the book, there were five known species of South American sun pitchers (Heliamphora). Now, the count is approaching twenty-five! The butterworts (Pinguicula) have jumped from seventy species to more than one hundred. And when I first wrote the book there were around eighty species of tropical pitcher plants (Nepenthes) known—the count is now approaching one hundred fifty—with many more expected to be discovered as modern-day enthusiasts climb the countless unexplored mountains from the Philippines to New Guinea. More carnivorous plants have been discovered in the last decade than at any time in the past.

I have also updated some technological advances, like the invention of polycarbonate greenhouse glazing, which is far superior to fiberglass and glass. Grow light technology has also improved greatly, with far superior artificial lights on the market. We have discovered a new fertilizer that doesn’t kill live sphagnum moss, and many new insecticides—some completely natural—that can control bothersome pests with no harm to plants or people.

I have also added the metric system to the revision—a tedious effort that nearly drove me insane. Please keep in mind these systems of measurements are rough and approximate!

I want to thank my business partner, Damon Collingsworth, for taking on the task of coordinating all the photographs for the book. He took dozens of new photos at our nursery and solicited many others from our friends both near and far. As just one example, the photography of plant autopsies, taken by California Carnivores volunteer Patrick Hollingsworth, is unsurpassed. And the astounding images lent to us by naturalists like Ch’ien Lee, Fernando Rivadavia, Stewart McPherson, Barry Rice, and Andreas Fleischman are certainly compelling and hypnotic.
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I must end this preface to a book on a topic that has brought so much joy to so many people around the world with a message of sadness and pain.

After the recent conference in New England, many of the attendees went on field trips to see carnivorous plants in the wild. They saw local bogs in New England as well as sites in New Jersey, North Carolina, and the Gulf Coast of southeastern North America, where more species of carnivorous plant genera exist than anywhere else in the world. The excitement of seeing several habitats in protected, pristine beauty was unfortunately overshadowed by one heartbreaking fact: these astounding forms of life are disappearing from our planet at a rate that is beyond alarming.

As a few examples, I went to southern New Jersey to see a couple of my favorite sites I knew as a kid growing up on the Jersey shore. Both of these habitats had originally been bogs in the 1800s, but the slow-moving streams had been dammed to create lake reservoirs for drinking water by the early 1900s. Still, there were vast numbers of surviving plants along the edges of the lakes when I was a kid. Apparently, however, the dams were rebuilt in the past decade, and when I saw them a couple of weeks ago, the enormous quantity of sphagnum moss, pitcher plants, and sundews I remembered were virtually all gone, drowned by the higher lake levels the new dams created. And this was in the Pinelands National Reserve, which “protects” an amazing 22 percent of the small and densely populated state of New Jersey.

Around Wilmington, North Carolina, we saw some very nice, small sites on Nature Conservancy property that is well managed with controlled burns and protected by a locked gate across the road. However, beyond that, we were left having to hunt for plants along dismal drainage ditches along the sides of roads where occasional patches of Venus flytraps, sundews, and pitcher plants barely survived among broken bottles and discarded fast-food containers.

In fact, the most Venus flytraps we saw were in the back yard lawn of a kindly old gentleman who loved and protected the pitcher plants, flytraps, and sundews that survived on the edge of his lakefront property. Originally the area was a vast bog of carnivorous and other rare plants. A few decades ago the creek that drained the bog was dammed, a large lake flooded the bog, and lovely estates were built along the lake. The few plants that survived now grow in grassy lawns, if they are not removed by the homeowner.

A simple ditch dug one or two feet (0.3–0.6 m) deep along the edge of a wet carnivorous plant habitat can drain vast areas, killing off all the plants that rely on wet soils. As Mark Todd, our host in Wilmington and member of the North American Sarracenia Conservancy (http://nasarracenia.org), told us, “There are just fewer and fewer habitats where the plants are able to grow.” And sadly, this is occurring all around the world.

Thankfully, many readers of The Savage Garden first encounter the book to find out how to grow a Venus flytrap or pitcher plant they’ve rescued from a local nursery. If this is the case for you, I hope that your initial interest will grow and evolve, leading you to support the various organizations that are trying to save these wonders of nature from extinction.


INTRODUCTION: WHAT ARE CARNIVOROUS PLANTS?




“The Venus flytrap, a devouring organism, aptly named for the goddess of love.”

—Tennessee Williams, Suddenly Last Summer



I was a kid growing up in the sixties when I had my first love affair with a Venus flytrap.

It was an advertisement in Famous Monsters magazine that first seduced me. The ad shouted something about the plant eating hamburger, and next to it was a fuzzy picture of Charles Darwin. As I already had pet turtles and a South American alligator trained to eat hamburger from a spoon, I convinced my mother that we could afford another mouth to feed and promptly had her write out a check.

The plants finally arrived in a Styrofoam pot wrapped in plastic. The pot was filled with dry peat moss and three or four “bulbs” with all of their leaves cut off. I followed the directions, but nothing spectacular occurred. A few semideveloped leaves came up, but soon all of the plants turned black.

It was my first experience with unrequited love. It never crossed my mind that the dim corner of my bedroom next to the heater in the month of December had anything to do with the plants’ demise. My first plant, a parlor palm, was happily thriving there. Venus flytraps, I thought, must come from some dark, steamy, tropical jungle—didn’t they?

I was surprised when the following spring a friend and fellow student whispered to me, “I know where Venus flycatchers grow.” I had just raised my hand in science class and volunteered to do a report on the Venus flytrap. Hope springs eternal; I figured that doing a school report was one way I could convince my mom to write out another check, and I could give Venus flytraps a second try. Since we lived on the seashore of southern New Jersey, I found my friend’s statement rather hard to believe.

He took me to the boggy edge of a small lake right in the middle of town. The ground was covered in a billowy, spongy green moss that my friend called sphagnum. The moss hugged the bases of southern white cedars that grew in the shallow, tea-colored water. It was a beautiful sight.

“There they are,” my friend said, pointing. I looked in awe at the strangest plants I had ever seen. Half buried in the moss were rosette clumps of deep purple, hollow leaves, with spiny collars and strange reddish flowers rising from the center.

“These aren’t Venus flytraps,” I said, but I was hardly disappointed.

When my friend assured me they still ate bugs, I peered into one of the hollow, leathery leaves, and sure enough I saw insects struggling in the wells of water that each leaf held.

[image: ]

“I saw struggling insects in the wells of water each leaf held.” (photo credit itr.1)




“Look at this,” my friend said. He plucked something from the moss and held it up in his fingers. It was an image that would forever be imprinted on my brain. A ray of sunlight broke through the cedars, shining directly on what he held in his hand. It was a small, circular green leaf covered with hundreds of red tentacles like a pincushion, each ending in a tiny drop of dew. Every drop caught the light of the sun, and they sparkled and glittered like jewels. These small plants were dotted with numerous dead and struggling insects, their circular leaves sometimes clenched like tight fists, with wings and antennae sticking out and twitching. I looked around in awe, for it was an unforgettable image: tea-colored water, grayish trunks of cedars, and spongy mounds of reddish green islands with strange plants that looked like they came from outer space!

[image: ]

“It was an image that would forever be imprinted upon my brain.” (photo credit itr.2)




My friend and I dug up some of the weird plants and took them to school the following week. Even our teachers were mystified. But soon I was led to the library and found a couple of books and National Geographic articles that satisfied my curiosity. What we had found growing on the swampy edge of the lake were purple pitcher plants and sundews—carnivorous plants not unlike the famous Venus flytrap! I was also surprised to learn that the pine barrens of southern New Jersey were practically teeming with flesh-eating plants, and that the flytrap was native only to the Carolinas, a mere day’s drive south of where I lived. I was almost dumbfounded to discover that North America has probably the widest variety of carnivorous plants in the world: pitcher plants, sundews, butterworts, cobra plants, bladderworts, and Venus flytraps all grow here! I wouldn’t have to fly to Madagascar after all.

For me, it was the beginning of a mind-boggling adventure that would change my life.

[image: ]

Our general impression is that plants are fairly passive forms of life. Insects and animals eat them. We chop down trees to build houses, shred cabbage for coleslaw, and decorate our homes with their sex organs, which we call flowers. We eat their fruit, pull “weeds,” and make medicine out of their sap. We bleed trees for maple syrup and burn them in fireplaces. We bake them, boil them, and sauté or stir-fry them. We even smoke them.

Plants can’t scream and run away, but some of them do fight back to an extent. Mushrooms can kill you, and poison ivy can make you itch. Many plants defend themselves with needles and toxins or bitter tastes and bad smells.

Typically we are not afraid of plants, but humans love to project their own fears onto other life forms. That we can do this with plants, seemingly the most passive and unfrightening of life forms on earth, is obvious by just examining some of our more popular horror movies. The Thing featured an alien humanoid plant that fed on human blood. In Day of the Triffids, walking plants were stinging humans to death in their effort to take over the world. Invasion of the Body Snatchers had plant “pods” duplicating human beings and taking over their minds and bodies. In Little Shop of Horrors, a talking plant with a sense of humor swallows people whole. The fact that these four famous horror movies were made—and remade—reflects the unconscious fear that we all have of pretty, pulpy, passive plants. Perhaps deep within our brains, tiny neurons still fire off flashbacks of ancient, inherited memories—horrible memories of the days when our ancestors had good reason to fear plants!

You might smirk and shake your head, but this primal fear may not be quite as far-fetched as you think. Many years ago at California Carnivores, the carnivorous plant nursery I own, where we have on public display hundreds of varieties of flesh-eating plants, a well-to-do couple came in and were marveling at our collection of tropical pitcher plants, the Nepenthes. They told me with glee how they had recently returned from Malaysia, where they saw magnificent Nepenthes at a botanical garden. “We arrived early,” the wife told me, “and we waited in line at the front gate. I peered through the fence, and saw these huge pitcher plants hanging in the trees. To my shock, an attendant was pulling tiny baby monkeys out of the traps! Most were alive, and scampered away. The dead ones he dropped in a pail.” Her husband added that when they later caught up with the attendant and asked him about what he was doing, the embarrassed attendant explained that dead monkeys in the pitcher plants were upsetting to the tourists. While I have never been able to document this story, and I suspect the prey were more akin to rodents, such tales have persisted for a very long time—a mythology that may have a basis in fact.

Thus the following equation is not necessarily true: Plant eats monkey. Monkeys are primates. Humans are primates. Plant eats humans.

But surprisingly, there was a brief time when some people truly believed in the Man-Eating Tree of Madagascar. It was in 1878 that Carle Liche wrote an article claiming he had witnessed a sacrifice of a young maiden to such a tree by natives of the island. Since he offered grisly details and was published in scientific and popular magazines, the report was widely believed to be true. It was not.

During the same period Charles Darwin, among many others, studied and reported on the amazing carnivorous habits of many plants both familiar to them and being newly discovered around the world. Science was exploding in popularity in the nineteenth century, and explorations were uncovering many strange and exotic forms of life. Even plants long familiar to Europeans, like the sundews and butterworts common to local bogs and moors, were suddenly suspect.
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This suspicion over which plants are or are not carnivorous is a matter that is not quite settled even in the early twenty-first century. “Carnivorous” means “flesh-eating.” An older term, used by Darwin and sometimes used even today, was “insectivorous,” or insect-eating. The latter term is not quite accurate and is rather limiting, for even though the vast majority of prey eaten by carnivorous plants are insects, this group of plants also consumes spiders, sow bugs, worms, tadpoles, frogs, lizards, and even rats, although admittedly the capture of larger animals such as mammals is a very rare event.

A typical “normal” plant works in the following way: the roots in the soil absorb water, including minerals. The leaves in the air absorb carbon dioxide. Through the complex process of photosynthesis, chlorophyll in the leaves uses the energy of sunlight to transform the carbon dioxide and minerals into carbohydrates and other organic compounds, which give the plant energy to grow.

But what if the soil a plant lives in is low in minerals—particularly nitrogen, phosphorous, or potassium, which are vital to the plant’s health?

Most carnivorous plants grow in mineral-deficient soils. More often than not, these soils are very wet. The water moving through the ground carries away most of the much-needed minerals. Even nitrogen, returned to the soil by the slow decay of older, dying leaves, does not remain for long. A plant living in such an environment might be able to survive year after year, but it wouldn’t be able to manufacture the energy needed to produce flowers, seed, or offshoots.

Carnivorous plants have an answer to that survival dilemma. All around them are little moving packets of minerals and nutrients, like vitamin pills with legs and wings. We call them animals. All the plant has to do is catch them and somehow absorb through their leaves what they would normally take up through their roots. The development of leaves for such a purpose is what makes carnivorous plants so bizarre and beautiful.

Even “normal” plants can absorb minerals through their leaves. You can spray your rosebush with a watery solution of Miracle-Gro fertilizer and watch it take off. If you made a fertilizer solution for your rose bush by pulverizing dried crickets, mixing them in water, and spraying the solution on your plants, would you have a carnivorous rose? In fact, root fertilizers for plants such as palms do often contain ground-up crickets, oyster, and crab shells. Do you then have an insectivorous or seafoodivorous or—God forbid—shellfishivorous palm tree? Maybe; maybe not.

The confusion over which plants are or are not carnivorous stems from how we define the term. It has been generally assumed that to be called carnivorous, a plant needed to do several things: lure prey, somehow catch it, kill it, and then digest it, usually through the production of enzymes and acids used to dissolve the victim into palatable form. It’s this “digesting” that’s the controversial part.

Some plants are included under the heading of “carnivorous” even though they don’t produce actual digestive enzymes. Darlingtonia and Heliamphora are two examples of pitcher plants that apparently rely on bacterial action and other life forms to dissolve their prey. This “digestion by proxy” can make the determination of whether a plant is carnivorous rather complicated. If we simply defined a carnivorous plant as one that possibly benefited from the absorption of minerals obtained from captured and killed animals, instead of several hundred species, we might be talking about many thousands!

Petunias catch and kill insects. So do potato plants, tobacco, rhododendrons, and teasels. But they do so, it is believed, for defensive purposes. Plants like petunias are covered with sticky hairs, which make life difficult for insects like aphids who wish to eat them. Many insects become caught in these hairs and die. Potato plants also are covered with hairs. If an aphid breaks one of these hairs, a glue is secreted that cements the aphid to the spot. The common teasel has leaves that form “cups” where they join the stem. Rainwater collects in the cups; insects fall in, drown, and eventually dissolve. All of these plants, at one time or another, were viewed with suspicion by scientists studying carnivores. All of these plants probably absorb some nitrogen or other trace minerals through their leaves as the insects decompose. The rest of the minerals are possibly taken up through their root systems after rain. But they are not considered carnivorous because they lack the process of digestion.

Perhaps our definitions should be revamped. Many plants might fall into the category of “subcarnivorous” or “paracarnivorous.” Take, for example, the long-standing problem of Roridula. The two species of this genus grow in South Africa. They look and behave so much like sundews that they were originally included under the genus Drosera. Their leaves are covered with sticky glands that catch enormous amounts of insects. But earlier in this century Roridula was excluded from the carnivores because it did not produce digestive enzymes. And so it stood until the 1990s, when two surprising discoveries were made. The first was by Steve Williams. Through DNA research, he discovered that Roridula was more closely related to Sarracenia, the pitcher plants on the other side of the Atlantic, than they were to Drosera. He jokingly suggested that Roridula be included in the family Sarraceniaceae and that its carnivorous nature be reexplored. It was, which led to the second surprise. It has long been known that Roridula plays host to a curious insect called the assassin bug. These bugs live on the plant, and for reasons still unknown can traverse the sticky glands with no problem at all. When other insects become caught, the assassin bugs close in, stab their needlelike mouths into the struggling prey, and suck out the juices. Alan Ellis and Jeremy Midgely discovered the amazing reason for this cooperative venture. Assassin bugs, after sucking dry Roridula’s prey, secrete a nutritious substance onto the plant that the leaves then absorb—a true carnivore by proxy! Roridula plays host to assassin bugs that act as a “surrogate gut.” This discovery led Oxford carnivorous plant specialist Barry Juniper to comment on petunias, potatoes, and tobacco: “They’re all killing machines. I wouldn’t be surprised if they absorb decayed products from their prey.”
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Roridula gorgonius covered with prey—but is it carnivorous? (photo credit itr.3)




How have such plants evolved? Definite theories on the evolution of carnivorous plants are few; the almost complete lack of fossil evidence coupled with the current shifting of ideology among evolutionists may make theorizing an exercise in futility. Uniformitarianism, or gradualism, as popularized by Darwin, Wallace, and other nineteenth-century scientists, holds that evolutionary change in both biology and geology is a very slow progression of events that occurs even as we speak. Darwin’s theory of the origin of species by natural selection relied on rare and random mutation giving rise to new traits that, if beneficial to the species, allowed it to compete better among its peers and pass those traits down to its offspring. Darwin’s dream that the fossil evidence for such transitional forms was simply missing from the evolutionary record has turned out to be mere wish fulfillment, for most scientists today agree that there are few transitional forms.

Thus, under gradualism, Darwinists imagined how a basic oval leaf slowly evolved, step by step, into the simple, rolled up, funnel shape of something like a Heliamphora leaf; then through random, accidental mutations over eons of time, the plant added genes to eventually produce the drug coniine in Sarracenia flava or the light windows of Darlingtonia or the symbiotic relationship of Roridula and assassin bugs … well, okay, maybe it’s not so easy to imagine! Or, in the words of Francis Lloyd, who in his 1942 book The Carnivorous Plants mused on how the complex trap of Utricularia could have possibly evolved under gradualism: “Since we cannot answer these questions, it is perhaps as well to say no more.”

Currently, beliefs in gradualism are eroding. Scientists are realizing that for long periods of time species of life on earth are stabilized, with little or no evolutionary progress. Then, periodically and very suddenly, geological and biological changes take place. Older species suddenly vanish, while new ones appear quickly with no recorded transitional forms. Others remain unchanged. While research in areas such as DNA may lead to conclusions concerning relationships between species, including carnivorous plants, how those species actually evolved is still the deepest of mysteries. I will mention some evolutionary theories in the genus chapters to follow. The answers may come over the next century—maybe through the theories of punctuated equilibrium whereby mysterious global catastrophies killed many species and sped the evolution of new ones, as proposed by the late Stephen Jay Gould in his opus The Structure of Evolutionary Theory. Or perhaps Derek Ager was correct in his The Nature of the Stratigraphical Record, in which he proposed that global cataclysms created the fossil records we know, leaving vast intervals of evolutionary time largely unrecorded. Many other intriguing theories concerning how a species can mutate into a new species abound, from “epigenetics” to “morphic resonance” to the “electric universe” ideas. Or perhaps a clearer understanding of the mystery will come from new ideas that no one has thought about yet.

[image: ]

A butterwort snacking on fungus gnats. (photo credit itr.4)
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The invention of the greenhouse in the early 1800s and its growing popularity during the Victorian era among Europe’s upper classes allowed, for the first time, exotic plants from around the world to be successfully grown under controlled conditions. Commercial nurseries were developed to cater to the demand for exotic plants. Some of these firms, such as the famous Veitch and Sons (later Veitch Nurseries) in England, financed expeditions to far-off lands around the world to collect unusual plant life. Their fanciful catalogs in the 1800s boasted palms, orchids, hoyas, succulents, and carnivores. Among the most popular insect-eating plants offered were the Nepenthes, but such firms also sold Sarracenia, Drosera, Dionaea, and Cephalotus. Breeding programs developed showy hybrids that competed—along with roses and orchids—for prestigious awards at the Chelsea Flower Show. Magazines like the Gardeners’ Chronicle popularized the plants and offered cultural techniques. Exotic plants were usually very expensive and during the 1800s were affordable only for the very rich. But hardly a greenhouse existed on the estates of the wealthy that didn’t have Nepenthes hanging from the rafters along with the palms and the orchids.

[image: ]

Tropical pitcher plants, such as this Nepenthes sanguinea, were popular greenhouse specimens in Victorian England. (photo credit itr.5)




World War I changed all of that. The shortage of fuels to heat the greenhouses caused the sudden death of vast botanical collections. Many prized cultivars and species disappeared forever. Only here and there, hidden away in public botanical gardens and universities, did some of the plants survive.

It wasn’t until after World War II that the hobby of growing carnivorous plants began to make a modest comeback. During the war Francis Lloyd published his scientific work The Carnivorous Plants in America, the first such work since Darwin’s 1875 Insectivorous Plants. In Japan, where the love of cultivating exotic plants (such as dwarf rhapis palms and bonsai) suffered heavily during that war, the first carnivorous plant society was begun in 1948. It still thrives.

During the fifties and sixties, the cultivation of ornamental plants steadily increased with the booming economies worldwide. But except for the efforts of a handful of interested individuals, carnivorous plants remained obscure to the general public. Venus flytraps, dug up out of their native North Carolina habitat and sold as an occasional novelty, were the only insect-eating plant available on the mass market. No popular literature on the plants appeared except for infrequent articles in magazines such as National Geographic.

The modern carnivorous plant hobby began in earnest during the seventies. Two hobbyists, Joe Mazrimas in California and Don Schnell in North Carolina, began to communicate with other collectors around the world. This developed into the International Carnivorous Plant Society (ICPS) and its publication: The Carnivorous Plant Newsletter. For the first time, enthusiasts had an organized format to exchange cultural information as well as seed and plant material from around the world.

The seventies and eighties also saw the publication of several books on the subject, as well as a few nurseries and collectors that began to take the ecology of carnivorous plants seriously. Instead of removing plants from their rapidly diminishing native habitat, they began to propagate them. Three nurserymen who helped distribute hundreds of rare, sought-after carnivores were Adrian Slack in England, Marcel Lecoufle in France, and Bob Hanrahan in the United States. Plants that many hobbyists had never dreamed they would see in their lifetimes were suddenly becoming available.

The nineties saw a steady increase in the popularity of carnivorous plants. Smaller local societies, usually associated with the ICPS, have sprung up in various parts of the United States, Europe, and Australia. Tissue culture propagation has made many once-rare plants common and affordable. Numerous nature programs on cable television are making carnivorous plants more visible to the general public. The plants are beginning to appear more often at flower shows and public botanical gardens. General nurseries are retailing a wider variety than just the familiar Venus flytrap. In 1998, the first edition of The Savage Garden was published, receiving rave reviews and winning two book awards, including a book-of-the-year award from the American Horticulture Society, and subsequently has sold tens of thousands of copies. This was followed by the explosion of websites, forums, and commercial nurseries on the Internet, which has spread interest in carnivorous plants to every continent of the world.

So how does one use this book?

I have written and revised The Savage Garden as a practical guide to growing carnivorous plants (which, for the sake of brevity, I will refer to as “CPs” throughout the rest of the book). It is divided into three main parts: Part One covers the primary points of cultivation, including hard goods. Part Two outlines the various places you can grow CPs, from greenhouses to bog gardens. Part Three introduces all the popular genera of insect-eating plants, as well as their history, habitats, and habits, including their specific cultivation requirements. This is followed by a brief section on resources.



PART ONE

THE BASICS OF CULTIVATION
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Sarracenia flava var. rubricorpora with Drosera filiformis var. tracyi and Pinguicula planifolia in an open, wet, sunny habitat in the Florida Panhandle. Some introduced Venus flytraps are in the background. (photo credit p01.1)
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Dr. Larry Mellichamp of the University of North Carolina once told me, “Whenever I have seen carnivorous plants in the wild, whether it was in South Africa, the Florida Panhandle, or Northern California, the habitats were often strikingly similar.” Broadly speaking, this is a rather true statement, although of course some CP habitats are vastly different from others. I have been struck by the similarity of pygmy forest bogs in Mendocino County, California, to those I had explored as a youngster clear across the continent in the pine barrens of New Jersey. If someone were to show me photos of each, they would be virtually indistinguishable. In fact, in a small boggy area of the pygmy forests near Fort Bragg on the Northern California coast, many carnivorous plants from around the world have been introduced, much to the annoyance of ecological purists. Although the only native carnivorous species is Drosera rotundifolia, plants that have been introduced and have been growing well for many years include Venus flytraps from North Carolina; many Drosera species from South Africa, Australia, and Asia; Sarracenia from the southeast of North America; Pinguicula from Europe; and Darlingtonia, whose native habitat is found a few hundred miles to the north of Fort Bragg. Even Heliamphora, from Venezuela, survived—until the plants were stolen!

This example illustrates that many CPs grow in habitats so similar to one another that cultivating the plants is simplified by an understanding of a few general facts. Carnivorous plants typically inhabit wet, low-nutrient soils through which water may be slowly moving. This moving water usually carries away what minerals there are in the soil, which explains why it tends to be low in nutrients. The soil is often sandy, with a ground cover of patchy mosses such as sphagnum, which turns into peat as it ages. The habitat is often sunny, and the few trees are commonly stunted by growing in the infertile soil. Pines or other evergreens, whose needle droppings may further add to the soil’s acidity, are the most common trees in such habitats. Grasses are also common. In short, a wet, low-nutrient, sunny environment is preferred by most CPs. The only major difference between habitats, usually, is the climate.


Soils

Specific soil recipes will be offered in the section on genus cultivation. Here I will discuss the individual ingredients used in most artificial soil mediums for carnivorous plants.


Sphagnum Peat Moss

Peat moss is probably the most important soil ingredient for most CPs. It must always be sphagnum peat moss; the word “sphagnum” must always appear on the moss packaging. Peat moss is usually sold in packages ranging from small bags to large, dried, bricklike bales. It is commonly of Canadian, Irish, or German origin. It is a fibrous moss, with a consistency close to that of a fine sawdust, and from light to dark brown. It is available in most general nurseries, usually as an additive for garden soils. It is what many carnivorous plants grow in naturally. Sphagnum peat is very acidic, usually with a pH between 3 and 5. (On a scale of 1 to 14, a pH of 7 is neutral.) It can hold as much as ten times its own weight in water.

Peat moss should be broken up until it is similar to sawdust before it’s used, with all lumps and clods gone. It should then be mixed with water until it resembles a soft, wet mud. Then it is ready for use. Avoid sedge peat or Michigan peat, which are entirely different substances. If the package doesn’t say “sphagnum,” don’t use it! One problem with the commercial sale of sphagnum peat moss is the addition of fertilizers such as the Miracle-Gro brand to the moss, because CPs need low-nutrient conditions to thrive. Read the labels carefully and avoid any peat to which fertilizers have been added.

Long-Fibered Sphagnum Moss

This is a problematic soil ingredient for two reasons. The first is that what is sold in most nurseries is often not long-fibered sphagnum moss at all, but decorative green moss or “Oregon sheet moss.” “Sphagnum moss” has unfortunately become the generic term used for any dried, fibrous moss used in horticulture. Decorative moss is often used as a basket liner or topdressing for potted plants, as is true sphagnum. Worse, I have seen packages of decorative green moss actually being sold as sphagnum moss. I have seen many CPs killed because decorative green moss was mistaken for true sphagnum.

Further complicating the situation is the confusion between long-fibered sphagnum and sphagnum peat. Sphagnum moss, usually greenish or reddish, grows along the surface of the moss bed in a typical bog. It grows in long, ropey strands, with the growing head of the strand at the bed’s surface. These strands can be rather lengthy, extending deep below the surface of the growing tips. Only the first 6 to 7 inches (15–18 cm) at the surface are colorful and alive. Underground, the moss turns brown, and a couple of feet (0.6 m) below it decomposes into sphagnum peat moss. The peat may extend quite a way underground and may be hundreds of years old. Testifying to the sterile conditions of the moss is the fact that centuries-old, virtually unspoiled human bodies have been found deep within peat bogs in Europe.
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Soil ingredients for carnivorous plants. Left to right, top: sphagnum peat moss, perlite, sand. Middle: pumice, lava rock, orchid bark. Bottom: tree fern fiber, milled sphagnum moss. (photo credit p01.2)




[image: ]

Left to right: long-fibered New Zealand sphagnum moss, domestic American sphagnum moss, and green decorative moss (lethal to carnivorous plants as a soil).




Long-fibered sphagnum usually refers to the dried, ropey strands collected from the moss bed’s surface. Sphagnum peat is the decomposed moss harvested from deep underground. In soil recipes for most carnivorous plants, the more reliably labeled peat moss is the preferred ingredient.

For some carnivorous plants that prefer long-fibered sphagnum moss in their soil recipies, such as the Nepenthes, high-quality moss from New Zealand or Chile is the best and available most often through CP or orchid specialists. In the United States, what is known as “domestic” sphagnum, harvested in states like Wisconsin, is a less expensive type that often includes twigs and leaves. While inferior as a soil, it is excellent to cover the holes of drained pots to keep peat soils from slowly leaking out.

Live Sphagnum Moss

Living sphagnum is a beautiful moss—lush, billowy, and colorful when well grown. Many carnivorous plant growers love the sight of bright green or red sphagnum covering the soil surface of a potted CP, even if it isn’t used throughout the whole pot. Live sphagnum can be induced to grow as a topdressing to peaty, wet soils, although sometimes with difficulty.
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Live sphagnum moss. (photo credit p01.4)




The drawbacks to live sphagnum are many. First, it is difficult to obtain commercially. Second, it grows slowly. Third, when it does grow, it will easily cover up small plants like Venus flytraps, causing them to rot. Fourth, it is difficult to maintain. Hot sun will burn the growing tips, and the lightest application of fertilizers or minerals can cause algae growth and death to the moss—usually. A wonderful development in recent years at California Carnivores was the discovery of the Maxsea brand of fertilizer. Unlike with orchid or epiphytic fertilizers, we have found that Maxsea not only doesn’t kill live sphagnum moss but also accelerates its growth phenomenally. Read more about Maxsea in the Fertilizing Carnivores section ahead.

Among my own plants I have found that the only reliable place live sphagnum will grow for the long term is as a topdressing in pots of highland Nepenthes or similar genera or in bog gardens that receive frequent overhead sprinkling with purified water. Live sphagnum will not survive for more than a year in hothouses, because the moss usually grows in cool alpine climates or climates with cold winters.

Live sphagnum will also usually grow well outdoors in climates that are humid and receive lots of rain. It will succeed in very wet bog gardens and simulated similar container environments; for instance, undrained tubs of tall Sarracenia. Since this is a live “soil” that grows, trimming will be needed to keep it from crowding smaller plants.

Milled Sphagnum

This is dried, long-fibered sphagnum moss that is shredded to the consistency of fluffy, coarse sawdust. Usually sold as a medium on which to germinate seed, and resistant to the dreaded damping-off fungus that attacks seedlings in damp environments, it would be excellent as a peat substitute were it not so expensive.

Sand

All sand used in soil recipes for carnivorous plants should be sand that has been well washed. Nurseries and garden centers usually have washed sand available for use with potted plants. Washed “play sand” meant for use in children’s sandboxes is also good, and is often sold in plant nurseries and home supply stores. Avoid self-collected beach sands or river sands, which are often contaminated with mineral salts.

Perlite

Perlite is a mineral rock that is heated until it expands, creating a lightweight, granulated soil additive that will hold both water and air. Usually white, it is available at garden centers. Fine and medium grades are preferred for most CPs. Commercial nurseries generally prefer to aerate the soil in potted plants with perlite rather than sand, because sand is very heavy and leads to high shipping costs. However, most perlite is also slightly alkaline (pH of around 8), so never use more than 20 percent in the soil mix for acid-loving CPs.

Pumice

Another lightweight, airy rock used in horticulture, pumice is usually gray.

Lava Rock

This volcanic rock is reddish brown, and available at most garden and landscape centers.

Vermiculite

This is a mica, processed similarly to perlite and serving a similar purpose. It is usually golden-brown. Since most vermiculites contain some minerals (such as magnesium and potassium), and it breaks down, turning to mush, I no longer use it for CPs.

Orchid Bark

Available at most garden centers, this is usually the bark of evergreen trees. Popular for orchids, it is helpful in soils for Nepenthes, among other CPs, and makes a decorative topdressing on peaty soils used for plants such as Sarracenia. A fine-grade bark is preferred by CPs.

Shredded Bark

Similar to orchid bark, this is shredded to the consistency of confetti.

Osmunda or Tree Fern Fiber

This natural material is usually blackish brown and has a consistency not unlike that of broken toothpicks. It is used to aerate soils.

Rock Wool

This interesting substance is sometimes used for plant propagation, especially in cases where stem cuttings are used. Rock is liquefied and spun into lightweight fibers, then usually molded into small bricks. Difficult to find in the general nursery, it can sometimes be obtained through specialty houses. Bricks of rock wool retain moisture, and stem cuttings of Nepenthes root well in it. The entire brick is later planted in soil.

Coconut Soils

In recent years coco peat, or coir, has appeared on the market, produced as a by-product of the coconut palm industry. I had disastrous results with this product when it first appeared on the market—primarily due to salt contamination. While some coco peat or coco chips are now claimed to be heavily washed in fresh water and some growers use it, I don’t.

Water

This is probably the single most important issue concerning the cultivation of carnivorous plants. Generally speaking, CPs require water that is low in dissolved mineral salts, and they usually need lots of it. Dissolved minerals are usually indicated on analysis as p.p.m., or parts per million, or t.d.s., meaning total dissolved solids. Water used for the cultivation of carnivorous plants is safest for the plants when it is below one hundred p.p.m. of dissolved solids, and the lower the better. It is the use of hard, mineral-laden water that most often causes carnivorous plants to decline in cultivation. Since the majority of CPs are grown in basically undrained conditions, constant use of hard water continually adds minerals to the soil. Since CPs are adapted to grow in low-mineral soils, roots will begin to rot and the overall health of the plant will suffer when dissolved minerals are left behind as water evaporates or is absorbed by the plant. The more you water, the more minerals you add to the soil.

Water with a t.d.s. count of 160 p.p.m. can be suitable for most CPs if they are outdoor plants that get frequent or seasonally heavy rainfall, which helps leach mineral buildup from soils and water trays, or are grown in greenhouses not sitting in trays but watered from overhead—such as the Nepenthes. Rinsing water trays periodically also helps eliminate mineral buildup.

Small battery-powered t.d.s. meters to test water for dissolved solids are commonly found for sale on the Internet (try www.ebay.com) or at aquarium and hydroponic stores.

Most drinking water is fairly neutral in pH (7.0); however, limestone rock can cause groundwater sources or wells to be too alkaline, such as in England or Florida. Occasionally, water companies will add lime to acidic water to slow the corrosion of pipes. San Francisco is one example of this. If you are unsure of your water’s pH, you can get simple test strips at aquarium and hydroponic supply stores or online. Water is too alkaline if its pH is above 8.0.

Some public water systems supply water that is naturally low in minerals. Your public water quality depends, of course, on where you live and where your water comes from. Your water company can supply you with an analysis of your tap water. Some folks mistakenly believe that boiling water or allowing it to sit out in an unsealed container for a day or two will allow the minerals to magically disappear. This is not true. The only thing that will vanish from the water with such treatments is the dissolved chlorine gas that is added to water to kill bacteria. The minerals, unfortunately, are left behind.

If you have hard tap water, the best water to use for carnivorous plants is collected rainwater or water that has been demineralized or purified. If you live in an area of frequent rainfall on a year-round basis, you can collect this water for use with CPs. Make sure, however, if you collect rainwater from the gutters on the roof of your house, that your roof has not recently been treated with fire retardant, moss inhibitor, or other chemicals. In other situations, it is best to buy purified water or purify it yourself. For a small selection of plants, such as those in a terrarium under grow lights, water demand may not be high, so providing purified water from a grocery store or water machine may be affordable.

Commercially bottled water has become a hugely profitable business, as its producers have promoted the idea that bottled water is safer than tap water; however, municipal water is actually subject to more stringent safety requirements. Furthermore, bottled water that is not specifically identified as spring or well water is likely to be tap water that may have been purified and had minerals and salt added to improve the taste (purified or distilled water can taste rather flat). So if you buy bottled water, make sure the water is distilled or the label specifically states that it is low in sodium. Do not use mineral water, mountain water, or spring water, unless the label states it has been purified and has zero sodium content.

If your water use for CP cultivation exceeds more than a couple of gallons (7 liters) a week, the only answer is to purify your own. Distilleries are impractical for home use—a lot of fuel is needed to boil water to evaporation and recondense it as distilled water. Much more practical is a reverse-osmosis unit to produce your own purified water. Reverse-osmosis (R.O.) systems used to be expensive and hard to find, but in recent years prices have gone down dramatically, and under-the-sink units are available in most large home-supply and hardware stores and at some specialty plant nurseries.

Most under-the-sink units run tap water through particulate canister filters, then through the R.O. membrane, which “squeezes” the water through a fine micron filter, separating the good, purified water from the bad, mineralized water. The former is collected in a tank under the sink, while the latter goes down the drain. The collected purified water, about 99 percent free of dissolved solids, is usually accessible through a separate faucet on the sink. A typical system of this sort will produce between 3 and 5 gallons (11–18 liters) a day of pure water.

No-frills R.O. systems can be purchased online; these cater to people who need pure water for plants, such as orchid and CP growers. These units are hooked up to hose bibs in the garage or a protected place outdoors. With these simplified units, users collect the purified water in their own bottles, water tanks, or clean plastic waste cans. The wastewater is either allowed to go down a sink drain or run out via tubing for use in the general garden. (Most garden plants are unaffected by the concentrated minerals, and rain will leach them away.)
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A reverse-osmosis water purifier. (photo credit p01.5)




The Water Tray Method

Since most carnivorous plants need to grow in soils that are permanently wet, the easiest way to accommodate them is to grow the plants in pots that have drainage holes at the bottom and set the pot in a saucer or tray that always has some water in it. The majority of CPs are happy when approximately 1 inch (2.5 cm) or so of water is maintained in the saucer at all times.

There is a wide variety of containers that can be used as a water tray, and unless you are around your plants all the time, or have a dependable person to water your plants when you are away, I recommend you search for rather large saucers to accommodate your plants.

In the greenhouse, most collectors use large, undrained seed flats that can hold several pots and are around 2 inches (5 cm) in depth. For single pots, a regular saucer may be used, but it should be one or two sizes larger than you would usually provide for the pot size, so it will hold as much water as possible. There are plastic saucers available that are extra deep, often as deep as the pot; these are excellent for most CPs. Extra-deep saucers are often used for houseplants whose pots sit in decorative baskets. They make great containers for pots of CPs because water can be flooded to the top of the pot and allowed to gradually evaporate before you add more. Not only will you have to add water less frequently, but also this technique mimics the habitats of those carnivorous plants that live in soil waterlogged after heavy rains. As the water table drops, oxygen will permeate the still-wet soil.

So-called self-watering pots, sometimes used for plants such as African violets, are generally unsuitable for CPs. These pots work with wicks set into a water tray. They will keep the soil lightly dampish, which is fine for most houseplants but not wet enough for most CPs.

Avoid using clay saucers, unless they are glazed and therefore waterproof. Plastic water troughs can be decorative and large enough to hide the pots themselves. Busboy and dish tubs may not be attractive, but they can serve the same purpose. The same goes for clean kitty litter trays.

Pottery and Containers

Generally speaking, plastic pots are usually best for carnivorous plants, but as we will see in the later section on genus cultivation, there are exceptions to this rule. Terra-cotta clay pots are usually avoided for several reasons. Evaporation will be high through the porous material, and clay can absorb harmful mineral salts that may accumulate in the soil. Also, since the soil is usually kept rather wet, unsightly and slippery algae and mosses may grow on the pot’s surface. However, you will see in Part Three, on individual varieties of CPs, that there are a few plants that actually prefer terra-cotta clay pots.

On the other hand, clay pottery that has been glazed makes very attractive and suitable containers in which to grow CPs. Glazed pots may be of the type with holes in the bottom, which can then be set into a saucer of water. But some CPs, such as Sarracenia and most Drosera, Utricularia, and Pinguicula, will also thrive in undrained pottery that has been glazed.

Although the tray system is the most common method used to grow carnivorous plants, it certainly is not necessary if you grow the plants in undrained containers. These containers should be waterproof and made of materials such as plastic, glazed clay, or glass. Containers that are wooden may be lined with a durable sheet plastic, thus making them both undrained and waterproof. When CPs are grown in an undrained container, the soil should remain wet at all times. The water table should be allowed to fluctuate somewhat, from waterlogged to damp, so that air can enter the soil.

Undrained containers are certainly not suitable for all carnivorous plants. Nepenthes, for instance, always require wet but well-drained soil, and Venus flytraps and the West Australian pitcher plant generally despise undrained containers unless they are particularly deep. In short, while almost all CPs grow in wet soils, the degree of that wetness may vary from genus to genus.
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Left: Containers for carnivores. Clockwise from upper left: Sarracenia minor in a plastic pot and saucer; Darlingtonia in a glazed ceramic pot and saucer; Nepenthes villosa in a wooden box; undrained glazed ceramic with Drosera intermedia, D. filiformis var. filiformis, and Utricularia gibba; Pinguicula moranensis in an undrained ceramic tea cup. Right: Sarracenia minor ‘Okee Giant’ in an undrained glazed ceramic bowl. (photo credit p01.6)




Natural Light

Only rarely will you find carnivorous plants growing in the wild in deep, dense shade. Although a few tropical pitcher plants may grow in the shade of a forest canopy, and several butterworts may be protected from sun by growing in shaded grottos of dripping, wet rock, the vast majority of CPs are found in open, sunny habitats. The occasional pine tree or tall grasses may offer partial shading in some instances, but for the most part sunlight is as important to most carnivorous plants as wet, acidic soil.

Let me be clear about what I mean when I use the terms “sunny,” “partly sunny,” and “bright shade” throughout this book. By “sunny,” I mean that the plant will do well outdoors or in a greenhouse in full sun for most of the day, even when a shadecloth is applied. On a windowsill, sun should shine directly onto the plants for at least five or six hours. “Partly sunny” conditions means that direct sun should bathe the plant for at least two to four hours a day; the rest of the time it should be in bright shade. “Bright shade” means intense light, but direct sun should not hit the plant for more than an hour or so each day.

Photoperiod (the length of time a plant is in the light) is an important part of natural lighting. This light does not necessarily mean direct sun. Along the equator, the daylight/darkness period is more or less evenly divided, with roughly twelve hours of daylight and twelve hours of darkness. In a temperate zone, the daylight/darkness ratio changes from season to season as the earth, tilted on its axis, orbits the sun, so a Nepenthes from the tropics may receive an evenly divided day and night period through much of the year, whereas a Venus flytrap from North America may receive fifteen hours of light at the summer solstice and only nine hours of light at the winter solstice. This is very important when a grower is considering the dormancy or rest period of temperate carnivorous plants. Some people may think that cold weather is what makes a temperate species go dormant, but that is only half of the story. The length of the daylight period is the story’s other half. Photoperiod also influences other functions in the life cycle of plants, such as flowering times and the formation of reproductive brood bodies, as in the pygmy sundews.

Dormancy

Dormancy in plants is rather similar to hibernation in animals. Many carnivorous plants go dormant during adverse seasonal conditions. Most temperate plants that grow in climates with cold winters and short daylight periods lose their leaves and stop actively growing during this time. As the weather warms up in spring and the photoperiod gets longer, the plant resumes its growth.

Dormancy can also take place for other reasons. As we will see with plants such as tuberous sundews from Western Australia, almost the opposite occurs. Some plants actively grow during the cool, wet winters and then go dormant as the days get longer, heat increases, and the winter-wet soils dry out.

Dormancy in carnivorous plants that require it must be respected and permitted to occur. Otherwise, the plant may die. A temperate Venus flytrap, for example, grown in simulated tropical conditions such as a warm terrarium with grow lights operating permanently on a sixteen-hour photoperiod will eventually get sickly and die.
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Dormancy is crucial to many carnivorous plants. Left: American pitcher plants (Sarracenia) in winter. Top right: Dormant resting buds of temperate sundews (Drosera). Lower right: A Venus flytrap (Dionaea) in winter. (photo credit p01.7)




Winter dormancy in temperate carnivorous plants generally requires two things: a shortening of the photoperiod and a cooling of the temperature. For plants requiring a summer dormancy, usually a drying out of the soil is crucial. Other varieties, such as most Mexican butterworts, change from a carnivorous habit during wet, hot summers to a noncarnivorous stage of succulentlike growth during the cooler and drier winter months, when most of the subtropical zone experiences a drought.

For the most part, if left alone and if grown in the proper environment, carnivorous plants will go dormant on their own. Allow them to do so; you should never force a carnivorous plant into growth during a season when it should be resting.

People who live in tropical places often wonder if they can grow temperate-zone plants there. The answer is yes, sometimes, if some extra effort is made to accommodate a plant’s cool rest period. An American pitcher plant, for instance, grown outdoors in a warm, subtropical place like Hawaii, may need to be uprooted, put into a plastic bag, and refrigerated during the winter. If the Hawaiian gardener lives in the cooler highlands, the temperature drop and shorter daylight period in winter may be sufficient to carry his or her plant through its winter rest period. Cool basement windowsills may offer a similar environment.
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Fertilizers for Acid-Loving Plants


Orchid 30-10-10


Epiphytic Fertilizers


Maxsea 16-16-16
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Pests

APHIDS


FUNGUS GNAT


MEALYBUG


RACCOONS, OPOSSUMS, SQUIRRELS, AND BLUE JAYS


SARRACENIA ROOT-BORER AND EXYRA MOTHS







SCALE


SLUGS AND SNAILS


SMALL CHILDREN


SPIDER MITE
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FUNGUS GNAT CONTROLLERS


MITICIDES


ORTHENE


PYRETHRINS AND CANOLA OIL


SEVIN


SLUG AND SNAIL POISON


Diseases

BLACK SPOT


RUST SPOT


BOTRYTIS


POWDERY MILDEW


ALGAE SLIME


SOOTY MOLD
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