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Introduction



Change Is Afoot! The cultural change from an adversarial relationship with nature to a collaborative one is starting to happen, and it gives me hope about the future of biodiversity and thus our own future. In his 1957 book Wandering Through Winter, American nature writer Edwin Way Teale noted, “We cannot make the world uninhabitable for other forms of life and have it habitable for ourselves.” For the most part, Teale’s prescient warning fell on deaf ears—until now! Every day, we are moving closer to making our planet more habitable—not by robbing Peter to pay Paul, but in truly sustainable ways. Like all other species, we humans are evolutionary guests on this planet. Our stay here is provisional: if we destroy our life support systems, our residency on Earth will be a short one. The good news is that we are learning how to restore the ecological damage we have wrought in so many places and we are starting to act on that new knowledge. There is momentum in the pace of change, and I have written this book, in part, to try to keep that momentum going.


I see many similarities between the time-sensitive need to improve ecological function on our properties and the late but accelerating race to mitigate climate change. Both the loss of biodiversity and the changing climate are existential crises that demand our immediate attention. Both have been long predicted: We were first warned of the consequences of pumping carbon dioxide into the atmosphere by Swedish scientist Svante Arrhenius in 1896, while sociobiologist E. O. Wilson issued his first of many cautions about the loss of biodiversity in the 1980s. In both cases, warnings were ignored by policymakers until the predicted consequences were no longer predictions, but everyday headlines. The impacts of climate change, including rising sea levels, the acidification of our oceans, melting glaciers, mega-droughts and mega-wildfires, more powerful hurricanes, drying rivers and seas, and more, have received the most attention, and the need to “do something” has finally overpowered self-serving, climate-denying propaganda. Fighting climate change is now accepted as imperative to preserving our way of life.


And so it is with the biodiversity crisis we have created by expelling all but a few species from the landscapes we control. Every day that we continue to banish nature to places we ourselves find undesirable, the crisis grows increasingly dire, propelling us deeper into the Holocene extinction, the sixth mass extinction event on Earth that threatens the life support systems on which we depend. The only real difference I see between the effects of climate change and our defaunation of the planet is not the severity of the consequences of these two threats, but the speed with which they unfold. Though the impacts of species loss are far more subtle and occur far more slowly than a 15-foot storm surge of sea water, in the long run, these impacts will be no less devastating.


Let’s develop this comparison a little further. Even though addressing climate change and the biodiversity crisis are mandatory undertakings, there are downsides to both: transitioning from fossil fuels as energy sources will end the centuries old coal mining industry, and jobs will be lost in the near term. It will elevate, at least temporarily, the price of energy and threaten the oil industry that has controlled economies around the world for a century. In the same way, including ecological function as a goal of landscape designs will crimp our reliance on ornamental plant species from other continents and constrain our use of lawns as status symbols. But these downsides are trivial compared to the benefits of switching to clean energy sources and widespread landscaping with ecologically productive native plants. Transitioning to clean energy will mean that people worldwide can live much as they did before climate change but without polluting the atmosphere with climate-altering carbon dioxide. Similarly, abandoning a landscaping culture in which aesthetics always trump ecological functions will create a new ecological landscaping industry; reduce water pollution; diminish flood threats; store more carbon in plants and soils everywhere; sustain larger, more diverse and effective pollinator communities; restore bird populations and the insects they eat; reduce the likelihood of introducing new pests and diseases from other continents; and dramatically boost sales of native landscape plants.


I like the analogy between fighting climate change and improving ecological function in our landscapes, but it breaks down when we consider who will implement these solutions. Although individuals can help conserve energy, the big impacts on climate change will come from actions taken by the energy sector, including wind and solar farms, nuclear fusion enterprises, and hot rock and fuel cell industries, as well as bioengineered meat technologies and the like—all specialized industries that require technical training and big money. Changes in our landscaping paradigm, in contrast, can be enacted by everybody and anybody, regardless of our vocation, age, background training, or financial resources. This means that the knowledge required to recognize the need to change our landscaping paradigm and to implement those changes must become far more widespread than it currently is. Based on the number of questions I receive daily on email, we are not there yet, but the interest in acquiring that knowledge definitely is. With hopes of moving the needle toward this end, I have written this book.


Residential landowners, the very people asking the majority of the questions I hear, hold enormous conservation potential because there are so many of them and they control the plantings on landscapes over such large areas of the country. In the United States alone, 135 million acres are now in residential landscapes, and those landscapes are controlled by hundreds of millions of people. With a little education, we all can come to realize that sustainable Earth stewardship is not something we can ignore or practice only if we feel like it, or something that happens only in “natural areas.” It is essential, and it is essential everywhere! Moreover, caring for the life around us is a responsibility we all hold. I say that with certainty, because each of us depends entirely on the quality of local ecosystems for our continued well-being.


There is one enormous impediment to ecological landscaping that is a byproduct of the culture of private land ownership: the misconception that your property is your discrete and isolated kingdom and you are king. But our properties are not like Las Vegas. You’ve all heard the expression, “What happens in Vegas, stays in Vegas.” Some of you might have put a great deal of faith in that expression at some point in your past. From an ecological perspective, however, what happens in your yard does not stay in your yard. Everything we plant, don’t plant, or apply to our yard impacts the greater ecosystem in which our yard exists, and thus everything that depends on that ecosystem. For example, when we plant invasive plants, we are harboring ecological tumors whose offspring escape our landscape, negatively impacting our neighbors’ properties as well as the natural spaces around us. When we manicure acres of lawn, we diminish the ability of that land to reduce stormwater runoff, compromising the watershed in which we live as well as that of communities tens or hundreds of miles downstream. Planting large swaths of turf grass also wastes an opportunity to fight climate change. Filling our yards with turf grass, notorious for its inability to store carbon, not only does not remove carbon from the atmosphere, but it adds carbon every time we mow. Lawn care also pollutes local waterways with the unnecessary fertilizers and pesticides that are routinely applied to grass. When we overuse turf grass, we eschew our responsibility to support the food web that sustains local wildlife. Our plant choices, both in terms of species and quantity, determine how well our landscapes support the diverse communities of native bees required to pollinate the plants that, in turn, are required for high-functioning ecosystems, as well as the insect herbivores that are the bread and butter of terrestrial food webs.


Fortunately, the Las Vegas metaphor works both ways. The way we landscape our yards can just as easily export ecological benefits instead of costs. We can liberally use plants that support the most species of pollinators, both specialists and generalists, as well as the caterpillars, grasshoppers, and other insects that feed our hungry birds. We can reduce our lawns to cover only the areas on which we regularly walk or strips that serve as “cues for care,” demonstrating to our neighbors that we are not rejecting the culture of landscape beauty and neatness and are not threatening property values. We can add dense plantings of woody and herbaceous plants that hold rainwater on site and store tons of carbon while doing so, and we can control mosquitoes with benign biocontrol of larvae using mosquito dunks rather than through the ineffective and wide-scale carnage wrought by mosquito fogging.


Invariably, the queries I receive start with something akin to this: “I know you’re very busy, but . . . I have just one quick question.” It’s not that people don’t really believe I am very busy (hardly special these days because everybody is very busy), but their eagerness to get answers overwhelms consideration of my time. And that is precisely the kind of interest I am trying to encourage, so I answer as many questions as I can. This book is a compilation of those questions and answers, aggregated by subject into chapters. I have favored questions about general ecology and evolution as well as the biodiversity crisis because some understanding of these subjects is required to grasp why we need to change the way we landscape. Questions about why, how, and to what extent native plants outperform non-native species are also treated at length because the switch from favoring non-native ornamentals to productive native plants is the biggest change we need to make in our landscapes to mitigate defaunation.


My book The Nature of Oaks has stimulated much interest in these great trees but also many questions about oaks. I have also targeted questions about invasive species, including plants, animals, and pests such as ticks and white-tailed deer—all of which make ecological landscaping harder than it should be. Many people have asked important questions about conservation, restoration, and the effort to create a network of homegrown national parks across the country. And it’s no surprise that I receive questions about the sociological aspects of ecological landscaping: How can we reduce lawn, keep our leaves in fall, and use many more native plants without running afoul of township or HOA regulations? Finally, I have grouped specific questions about supporting wildlife at home, including the beloved monarch, songbirds, pollinators, and the unsung heroes of terrestrial food webs, caterpillars.


Early questions in each chapter are more entry level or generalized, with more specific questions following under appropriate subheadings. Questions have been reproduced verbatim or with slight edits for brevity or clarity. Questioners remain anonymous for obvious reasons. I often get questions asking for specific plant recommendations; for the sake of brevity and because such answers are easily found on rapidly growing web resources such as the National Wildlife Federation’s Native Plant Finder, California Native Plant Society’s Calscape, the Wild Ones website, and many others, I have not included those questions. Although you are welcome to look up the answer to your specific question and throw the rest of the book away (on second thought, donate it to your local library), my hope is that you will read my answers to all the questions, as many are interrelated and build on answers that have come before. I have tried to remain apolitical throughout the book, which has been easier than you might think because everyone—regardless of their political views, where they live, their age, or their socioeconomic background—requires a healthy environment and productive ecosystems. No exceptions.


One of the most common questions I’m asked in interviews is about how I became interested in entomology and teaching. I’m not sure why that matters, but I’ll answer it here anyway. My love of nature is not my fault: I was born loving nature, or at least the animal part of nature, and had no say in the matter. Toy cars and trucks could not hold my attention for long. But those plastic dinosaurs I got out of cereal boxes and, later on, real snakes and turtles—now there was fascination. Plants didn’t do much for me, although I did like big trees and the forests they created because they were the homes of the animals I loved. Forests also promised adventure. Maybe I could get lost in an endless forest and have to build a log house to survive winter. I could fashion wooden spears out of saplings, just like Daniel Boone did as a boy, and live off the fish I would spear in streams. I could even start fires by banging two stones together. I never had much luck with that, but I did make some pretty good spears.


I also was born wondering how nature worked. I remember standing in my driveway in Plainfield, New Jersey, when I was five years old, wondering how wind got started. In a stroke of pure genius, I figured it out: Someone in China jumped. That rustled a leaf, which then rustled two leaves, which then got a whole branch of leaves moving, and before you knew it, there is wind moving all over the planet! Another mystery solved!


Insects entered my life in the usual way: I took a course in college. I knew nothing about insects before I went to college, but in my junior year I took a course in invertebrate zoology and learned about the various orders of insects. That was so interesting that I signed up for the only course in entomology that was offered, which was taught by Dr. Robert E. Bugbee. Dr. Bugbee, as you might expect, knew his insects and had no trouble at all in shifting my interest from snakes and turtles to those wonderful six-legged creatures that, as E. O. Wilson put it, “run the world.”


How I started teaching is best described as reluctantly. I may have been born loving nature, but I was also born utterly terrified of public speaking. In seventh grade, we had to give a two-minute speech to the class. TWO WHOLE MINUTES! Who can talk for that long? It was a heart-stopping experience that convinced me that I would never, under any circumstances, subject myself to it again. Even after I graduated from college, I was a contender for the world’s worst public speaker. I would breathe in while talking, but then forget to breathe out. In no time, my lungs would fill and I would start to choke. Needless to say, I scratched teaching off the list of career possibilities very early on. But I did need a job with a paycheck to help support my young family, so I applied for research positions at various universities that had a teaching component. In 1981, I started my job at the University of Delaware, where I immediately had to teach two courses that I created from scratch. I think I survived because I spent so much time frantically writing the lectures (I was usually just one lecture ahead of the syllabus) that I didn’t have any time or energy left to fret about delivering those lectures. Over the years, I learned an important lesson in life: you can get used to anything. Before too long, the students in my classes were the same age as my own kids, so lecturing to them was not nearly as scary as lecturing to the professors who had written my text books, something that had often happened at scientific meetings. And today, talking in front of people is a non-event for me. When you stop worrying about lecturing itself, you can focus on what you are actually saying, and then it becomes just like talking to a friend.


How did I come by the knowledge and experience I offer in the coming pages? I took my formal academic training in biology, entomology, and ecology at Allegheny College, Rutgers University, University of Maryland, and University of Iowa. My informal education about restoring ecosystems at home began when my wife, Cindy, and I bought a 10-acre section of a defunct 300-year-old farm in southeast Pennsylvania. The land was a mess. The last farming that had occurred on the property was mowing for hay, and mature trees were scarce. By the time we moved in, the property had been thoroughly invaded by Asian plants such as multiflora rose, oriental bittersweet, autumn olive, Callery pear, Japanese and Amur honeysuckle, privet, and many more non-natives. It was during my early experiences on this degraded piece of land that I first realized non-native plants are poor at supporting native insects, that non-native ornamental plants are favored over native species in residential landscapes nearly everywhere, and that many of these ornamentals are the serious invasives that have penetrated natural areas throughout North America, degrading food webs and pollinator communities wherever they have spread. I also discovered that ecologists at that time did not consider human-dominated landscapes as viable options for conservation, so there had been little research documenting these problems or seeking solutions to them. In other words, the early walks on our new property redirected my research from asking how cucumber beetles choose their mates to asking how we can mobilize property owners everywhere to become a powerful force in conservation.


I have discovered many things during my switch from heuristic research in ecology to investigating practical issues in restoration biology. Perhaps the most important is that Mother Nature is far more resilient than most people realize and that, given half a chance, she will repair much of the damage we have inflicted on her in short order. Cindy and I have witnessed this first-hand. Up to now, 1323 species of moths and 62 species of birds have bred on our property (the only two groups I have counted so far). We didn’t take the time to count the moths and birds making a living on our property when we first moved in (I wish we had), but I can assure you that it was far, far fewer. The return of life to our land has happened in just a few years for one simple reason: we put the plants back—or at least some of the plant species that used to call our lot home. Our success makes me wonder what would happen if everyone put the plants back.


I have also discovered that most people want to help fight the biodiversity crisis, but they feel powerless to do so. What can one person do? In the coming pages, you will learn what one person can do. You will learn that by reducing the area of lawn, favoring the use of keystone native plants, replacing white bulbs with yellow bulbs in outdoor fixtures, firing your mosquito fogger, planting for specialist pollinators, retaining the leaves that fall from your trees each year, removing the invasive plants on your property, and much more, you can totally revitalize ecosystem function on your property, enhance your surrounding ecosystem instead of continuing to degrade it, and watch these changes happen before your eyes. In short, you will become empowered; you will join millions of other like-minded people to become the future of conservation. Pretty neat!


A few of my answers reflect my own opinions based on years of experience with what works and doesn’t work. And when my answer is just my opinion, I say so. But nearly all of my answers reflect our best current knowledge honed over the years by the scientific method. It’s important to remember that science is a process—the process of hypothesis testing. It is not someone’s opinion or belief. A scientist asks a question, restates it as a hypothesis, designs an experiment to test that hypothesis, and accepts or rejects the hypothesis based on the results of that experiment. Scientific consensus can change as more and more experiments are performed and more data are generated, and I realize this frustrates the public. It seems like scientists can’t make up their minds. Just tell us what is right and what is wrong! Is coffee good for you bad for you? Black or white? I wish life were that simple, but most of the time, the answer lies somewhere in the gray area. It is my hope that this book will provide enough background knowledge and nuance about landscape restoration to remove much of that frustration.










CHAPTER ONE Ecology and Evolution


[image: Image]


Can you briefly explain what evolution is and how it works?


The formal definition of evolution is very short: a change in gene frequency over time. As time goes on, genes within a population of an organism change in how common they are. These changes are usually (but not always) the result of natural selection, the differential survival and reproduction of individuals. Individuals carrying genes that enable them to survive and reproduce better than other individuals tend to pass on more of these genes to future generations than individuals carrying genes that make them less fit. If having blond hair, for example, enables blondes to survive and reproduce better than brunettes, there will be more blondes in the future than brunettes. That’s all there is to it. But it is important to remember that evolution does not proceed through binary choices among selection pressures; there are usually many selection pressures, or evolutionary forces, that shape a trait. Let’s use pottery as an analogy. We typically envision a single person shaping the clay to their desired goal. But if evolution were writing this script, dozens of potters would all have a hand in shaping the clay, and the end result would be a grand compromise based on the strength of each potter’s influence. In other words, evolution is a compromise that occurs as a result of competing selection pressures.


I hear people talking about something being good or bad for our ecology. Is that the proper use of the word ecology?


No, it is not. Ecology is the study of how living things interact with one another and their physical environment. When people talk about “our ecology,” they are incorrectly synonymizing ecology with ecosystem. An ecosystem is a biological community of interacting organisms and their environment. All things live within an ecosystem, but nothing has “an ecology.”


I’ve heard the terms ecological source, ecological sinks, and ecological traps. Can you explain the difference to me?


An ecological source is a population that is large enough to produce individuals that disperse to other locations without seriously reducing the number of individuals in the population. In US history, for example, the East Coast served as a source for colonists who moved across the country without depleting the East Coast’s human population. An ecological sink is a habitat that attracts members of a species but is unable to sustain them. Thus, in the long run, sinks deplete overall numbers because all individuals that end up in a sink die. This is where the difference between a sink and a trap becomes very fuzzy. When a habitat produces cues (favorable environmental/chemical attributes or events) that attract colonizers of a particular species, but there are insufficient or unsuitable resources to sustain those colonizers, that habitat becomes an ecological trap. Consider, for example, an oak tree in a suburban yard that is not properly landscaped. The chemical perfumes (volatiles) produced by that oak tree will attract a number of species of moths whose larvae develop on oaks. Those moths will lay eggs, the caterpillars will grow and reach the point where they must pupate, and then they will drop from the tree and try to burrow underground to spend winter as pupae. If the ground under the tree is mowed and compacted, a condition present under most yard trees in the United States, the caterpillars may not be able to burrow underground and will die without reaching adulthood. That oak tree, then, becomes an ecological trap. In short, when an animal mistakenly prefers a habitat that actually lowers its ability to survive and/or reproduce (its fitness), that habitat is acting as an ecological trap.


What are biological corridors, and what happens when we’ve lost them to roads/highways, housing developments, shopping centers, and the like?


What you are really asking is, what is the problem with small or tiny populations? Because that is what happens to large populations when we fragment and isolate them with roads, developments, and other human- made infrastructures. Two main problems arise when a population is reduced in size.


The first problem, arguably the most serious one, is that small or tiny populations are highly vulnerable to environmental perturbations and local extinctions for several reasons, the most important being that all populations, whether they are tiny or large, fluctuate: in good times they grow and in bad times they shrink. Let’s say, for example, that a population experiences a period of benign weather that reduces physical stress on its members and also creates an abundance of food. These favorable factors lead to more successful reproduction than usual, so the population grows faster than predators can exploit it. Then the weather turns unusually cold or dry, food becomes scarce, natural enemies catch up with their prey, and deaths in our hypothetical population exceed births. The result is a natural decline in numbers that will continue until conditions improve. These cycles in population size are normal and occur over time to a greater or lesser extent in every species on the planet. When a population is large, it typically can withstand even severe environmental insults, but when it is reduced to a small fraction of its normal size, environmental stress can send it into oblivion.


A second problem that arises in small populations is inbreeding. Imagine a box turtle isolated within an urban woodlot with nine other box turtles. Five turtles are males and five are females. There is plenty to eat, so that’s not a problem. But over the next several generations, there are so few mate choices that it becomes almost impossible for each turtle to find a mate that is not a close relative. The worst-case scenario is brother mating with sister. This is called inbreeding depression, and it doesn’t take long for genetic abnormalities to appear and spread through small populations that do not benefit from an influx of genetic variability on a regular basis.


As a solution to the threat of local extinction and inbreeding depression, ecologists tell us we must reestablish connectivity among small, isolated populations—that is, we need to provide biological corridors, or strips of habitat that enable plants and animals to move freely from one habitat fragment to another. If habitats are connected by biological corridors, they are no longer truly isolated, so the populations they house will no longer be perilously small. Biological corridors are also a means by which individuals with new genes can enter populations, preventing issues from inbreeding depression. I agree with this solution but would like to embellish it a bit. Rather than just building skinny biological corridors among viable habitats, why not restore the viability of as much of the space between habitats as possible? We can do this to a greater or lesser extent by restoring native plants that are the foundation of sustainable populations everywhere, not just in narrow strips connecting viable habitats. In other words, if we restore viable habitats in many of the places in which we have destroyed them, populations will no longer be small or isolated in tiny habitat fragments.


Why should I care about the food web? If we lost most of the caterpillars, how would that affect me—and other humans?


Quite simply, the food web transfers energy that plants harness from the sun to other organisms. Some animals get their energy directly from plants, while others get energy indirectly from plants by eating something that ate plants or by eating something that ate something that took energy from plants. This transfer of energy from plants, to plant eaters, to predators—that is, across multiple trophic levels—is what enables a vast diversity of animal species to exist on Earth. So when you ask why you should care about the food web, you are actually asking, why should I care whether complex life can continue to exist on Earth? No food web, no animals. No animals, few to no flowering plants. No flowering plants, vastly simplified food webs and the loss of most species on Earth.


Why can’t we humans be the only animals on the planet, maybe along with some cows, pigs, and chickens? Because it takes highly diverse ecosystems to produce the life support we all depend on every day. The oxygen, weather stabilization, flood control, carbon sequestration, water purification, topsoil creation, wood products, and so much more produced by plants would not be here without species-rich communities of pollinators, pest control services provided by myriad animal species, seed dispersal supplied by birds and mammals, nutrient recycling provided by insect decomposers, and other factors. Without high-functioning ecosystems, humans would last only a few months, and there would be no high-functioning ecosystems without animals and the food webs that support them.


What are your thoughts on novel ecosystems that are beginning to appear in disturbed places (whether by design or not) that are biodiverse and complex without necessarily reflecting historical ecosystems?


My goal has never been to restore ecosystems to what they were at some point in the past. We have changed too much locally and on such a grand scale that we can never achieve that goal. But we can restore at least some of the interactions among animals and plants that historically occurred at a site to improve the stability and productivity of that ecosystem today. For me, that is a worthy enough goal. Besides, most ecosystems are quite dynamic and have achieved resilience through change in the past. The specialized relationships among plants and animals are far more stable and can last millions of years, even if they shift in space over time. This is why evolutionarily novel ecosystems are less productive than coevolved ecosystems—they do not contain the specialized interactions between plants and animals that form over millennia.


You often say that human overpopulation is the root of our environmental problems. If that is so, why does Elon Musk call population decline the greatest threat to humanity? And why is the news that China is no longer growing in population being called a crisis?


The short answer is that Elon Musk is as ignorant of the ecological forces that drive life on Earth as he is knowledgeable in other ways. Recent headlines about population declines in China, Japan, Russia, South Korea, Taiwan, and Italy have indeed been met with cries of alarm. The fear has been explicit: fewer babies will create an existential crisis for humanity. One reason for the emergency—the one we unfailingly hear about first—is that the decline in birth rates means there will be more old people than young people for at least a few decades. Assuming the old depend on the young for care, there won’t be enough young people to take care of all of the old people.


But it is not humanitarian challenges that strike fear in the hearts of economists when population growth slows. Rather, population declines threaten age-old economic models that assume perpetual growth. Fewer people equals fewer consumers. Our measures of “success” tend to be economic in nature, and they assume that we can—indeed, we must—enlarge our economies forever. If our GDP does not increase annually, if we don’t consume more and more goods, most economists tell us we are doomed. The concept of a steady-state economy—one that maintains productivity at an even keel without growing, an economy in which we do not constantly increase our material wealth but that produces enough for all—is anathema to dominant economic models.


And so, we are told, we have a crisis, and many governments are scrambling to incentivize baby-making. What we have not been told is that reports of population declines are the first glimmer of real hope that we humans may have a future on Earth. No matter how many times or how cleverly we use the word sustainable, nothing on this planet is sustainable if the human population continues to grow. We do face existential crises today—several of them, in fact: We’re in the midst of the sixth mass extinction event on Earth, which is rapidly eliminating the organisms that run the ecosystems on which we all depend. Climate change is causing extreme droughts, floods, wildfires, sea level rise, heat, and ocean acidification. Abundant fresh water is disappearing where we need it, rivers do not reach the sea, and immense aquifers are nearly dry. Global pandemics are inevitably plaguing crowded populations. These are real crises, all of which are caused by too many people, not too few.


And yet, incredibly, we decry the first good news about human population growth as a crisis! By “we” I mean primarily economists. Every card-carrying ecologist on the planet agrees that our global population has exceeded Earth’s carrying capacity—its ability to sustain human numbers without degrading the resources we and other living things require in the future. In fact, most agree it would take from two to four Earths to sustain our current population at a reasonable level of comfort. On a finite planet, perpetual growth is simply not an option. We have no choice but to transition to a no-growth culture as soon as possible. Transitions are often hard, though, because we are forced to find new ways to deal with old problems. Curiously, the challenge we hear about more than any other—the problem of what to do about old people—may actually be the easiest to meet.


We do have old age/retirement facilities, but, as they are currently run, they will not meet the needs of large aging populations for two reasons: these facilities are too expensive for most people, and too few of the facilities exist, even if they are affordable. The second point is easy to fix: build more facilities. But what about the first? Who will care for old folks and how can we make that care affordable? A recent headline suggested that robots will save the day. Robots aside, consider this: What if we restructured care facilities so that old people take care of other old people? Fortunately, we all don’t grow old and incapacitated at the same time. Millions of people remain healthy and productive for 20 or more years after retirement before they themselves need care. They are, in fact, an unlimited labor force. Who will pay these elder caregivers? No one. Instead, we can establish a barter system: If you help care for your peers in our facility, we will provide you with free room and board. Bingo! The need for an enormous young workforce to care for the elderly as well as the exorbitant price tag associated with these facilities disappears. The vast majority of care old folks require is not skilled medical attention, but unskilled efforts, ranging from moving people about in wheelchairs to helping with meals (cutting up vegetables for a salad can be impossible for many oldsters), or even simple companionship.


I realize I am being optimistically simplistic with this solution, and many experts will be eager to tell me why it won’t work. For example, there must be some income stream into care facilities for them to operate—where will that come from? Yet ideas like this are points of departure meant to get us thinking about real solutions instead of pretending the problems don’t exist in the first place. Our real crisis has been, and continues to be, reliance on an economic Ponzi scheme that is designed for infinite growth on a finite planet. If we don’t accept the limits of our planet soon, this will end as all Ponzi schemes end. But rather than bankrupting only the people who were duped into investing in the scheme, the myth of perpetual growth will empty our ecological bank account—the one that, when healthy, provides everyone with our day-to-day needs. It is past time that we confront the problems posed by overpopulation, celebrate the recent news of growth declines, and use our enormous brains to find ways to live sustainably on the tiny blue marble that is planet Earth. There truly is no Planet B.


Why is caterpillar diversity in your yard a good thing?


This question goes hand in hand with the oft asked question, why is species diversity touted as a good thing? A typical ecology textbook would say that diversity is good because it increases ecosystem productivity and stability. But what does that mean?


Let’s say a pair of Carolina Chickadees wants to breed and nest in my yard. They need two things to do this successfully: a cavity supplied by a tree hole or nest box and food, largely in the form of easily digested caterpillars rich in protein, fats, and carotenoids. And not just a few caterpillars—they need 350 to 570 caterpillars every day (depending on the number of chicks in the nest) to keep their nestlings well fed. That adds up to 6000 to 9000 caterpillars required to feed the chicks until they have fledged. But for another 21 days after the nestlings fledge (we don’t know exactly how many days because they fly and it’s impossible to count them accurately), chickadee parents continue to feed them caterpillars. Suffice it to say that it easily takes more than 10,000 caterpillars to produce one nest of independent chickadees—an astounding number when you think about it.


Now, if I want this chickadee pair to raise its young in my yard, all of those caterpillars will need to be in my yard because, like most birds, chickadees forage very close to the nest—on average, 50 meters (about 164 feet). They are not flying five miles down the road to the nearest woodlot to forage. And here’s where the importance of diversity comes in. Insect populations fluctuate widely from year to year, and if only a few species of caterpillars were in my yard and it happened to be a bad year for those species, there wouldn’t be nearly enough caterpillars to meet the needs of my chickadee family. If, however, many species of caterpillars were living in my yard, it is unlikely that they would all be in a down cycle at the same time, so there would always be enough caterpillars available to enable the chickadees to breed successfully every year. And I do have many caterpillar species in my yard—in fact, I’ve recorded 1259 moth species and I’m still finding new ones on a regular basis!
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Cucullia pulla is among the 14,000 or so species of caterpillars in North America.






The diversity of caterpillar species in my yard has created redundancy in my ecosystem: several species are doing the same job. If one species’ numbers are low in a particular year due to weather or an abundance of specialized parasitoids, other species are present to compensate. Diversity also increases the chances that one or more species will have life histories that make them common (abundant). This is important because most species in a community are relatively rare. Just a few, the keystone species, do most of the ecological work. As diversity increases, so does the chance that a keystone species will join the community. Because of redundancy and the improved chance of housing a high-producer, diversity enables my chickadee pair to breed every year, not just when all the stars align. We call that ecosystem stability, and it is the direct result of the diversity of caterpillars in my yard. Needless to say, I have a diversity of caterpillars only because my yard includes a diversity of the host plants those caterpillar species need to develop.


Plant Ecology


Plants evolved way before insects and birds. How did they manage without pollinators and seed dispersers?


The first land plants to evolve were bryophytes, algae-like nonvascular things, about 500 million years ago. Then came mosses, followed by ferns, both of which reproduced by spores and did not require pollination or seed dispersal. Gymnosperms, like present-day conifers, evolved seeds next. These plants required pollination and dispersal, but the wind accomplished both of these ecological jobs. It wasn’t until angiosperms, the flowering plants, evolved about 275 million years ago that insects and plants developed early mutualisms to achieve pollination. By then, there were plenty of fruit-eating reptiles around to disperse plant seeds. True birds did not appear until 60 million years ago, but when they did, they kicked seed dispersal into high gear.


How do plants grow in the shade?


Several things are essential to plant growth, but if it’s possible for one thing to be more essential than anything else (though by definition, that’s not possible), then light would be that thing. All plants need sunlight because energy from the sun is converted through the miraculous chemical reactions of photosynthesis into the sugars and carbohydrates required by plants to grow. Light, however, can be in short supply under certain conditions, so plants often must compete for it. In a forest, the winners of this competition are the tall canopy trees. Indeed, the need to harness as much light energy as possible has undoubtedly been the primary selective force favoring the great heights achieved by so many tree species. But tree canopies do not gobble all of the light, and this creates niches where plants with lesser light requirements can grow below canopy species. This is why a typical forest has several horizontal layers. The canopy is the top layer, and just beneath the canopy is the subcanopy layer, which usually comprises younger canopy tree species that are waiting for the demise of a nearby mature tree. Beneath subcanopy trees are understory trees such as dogwoods, ironwoods, and witch-hazels that are adapted to make do with lower light intensities. Lower still are shrubs such as blueberries and azaleas and, finally, hundreds of plant species that grow close to the ground where, during periods of full leaf expansion, there is very little light at all.


So how do plants that occur in low light thrive? They use several strategies, some of which are nicely displayed within single trees. Consider the leaves on a nearby oak. Leaves on the lower branches, where much of the light has been blocked above, are larger, sometimes several times larger, than leaves in full sun at the top of the tree. They are also less lobed with more shallow incisions between lobes. These adaptations increase the surface area of individual leaves so they can gather more light. Many of the plants in the ground layer are spring ephemerals, meaning they grow quickly in spring before leaves in the layers above them block light. Some, like Virginia bluebells, spring beauties, and bluets, grow, flower, seed, and die before much light is blocked, while others, such as mayapples and bloodroot, grow and flower quickly but remain alive throughout the growing season, using their broad, spreading leaves to harvest the light energy that reaches them. The products resulting from these reduced levels of photosynthesis are then stored in large tuberlike roots for use the following year. Some plants, such as pink lady’s slippers, can live under low light conditions without flowering for decades. Only when a treefall or forest fire creates a light gap will they have the energy they need to flower and produce seed.


Please explain the root structures of trees. How far do they extend? How deep are they? Are they different in a woodland versus a yard? Where are the nutrients and water being absorbed—near the trunk or out beyond the dripline?


Roots extend much farther from the trunk and not as deep in the ground as most people think. The standard lore has been that tree roots stop at the dripline of the canopy. This perception is reinforced whenever we see a blowdown, because the roots of the downed tree don’t extend very far at all. But if you look closely, you can see that all of the roots have been broken (or rotted) off in a blowdown. The small, fine roots that deliver nutrients and water to the tree are actually still in the ground. We now know that the roots of many tree species extend at least twice the distance from the trunk to the dripline. (One study group in Europe dug up the roots of a large English oak—or at least they tried to. Some 300 feet away from the trunk, they gave up!)


We often hear that trees such as oaks and hickories have deep tap roots, and we envision a root that grows straight down for dozens of feet on a mature tree. Some tree species do have relatively deep tap roots when they are young, and that makes them difficult to transplant. But as the tree gains size, it sends its roots laterally. Remember what roots are for: they support the tree, yes, but their primary role is to the absorb water and nutrients needed for growth. Thus, tree roots grow where the soil contains water and nutrients. Nitrogen, phosphorus, and other nutrients are most plentiful in the upper regions of the soil where decaying plant parts have deposited them. In areas with little rain, tree roots can take a deep dive to find water, but in much of the country east of the Mississippi, the top horizons of the soil contain plenty of water that is replenished every time it rains. Both nutrients and water are absorbed at root tips that grow farthest from the trunk through fine root hairs, often in association with mycorrhizal fungi.


Can trees talk to one another?


They can, but not in the sense that we talk to one another. Trees and other plants can send, receive, and respond to signals—that is, communicate with one another—and they do so in two different ways. The first is through airborne chemicals. When a leaf is injured, say by an insect, it releases chemicals into the air at the site of the injury. You can smell such chemicals every time you mow the lawn. Nearby plants also detect the chemicals in the air and, in response, produce defensive chemicals that protect their own leaves. The more closely a plant is related to the injured plant, the better it is at detecting and responding to these chemical signals. Plants also communicate below the ground. An injured plant can release chemicals into the soil, which are then transferred to other plants via mycorrhizal fungi. Or the roots of one plant can actually graft onto the roots of another plant and exchange nutrients—as well as plant diseases, unfortunately. Suzanne Simard, a forest ecologist, has conducted research that suggests there is a great deal of underground communication and nutrient exchange, at least in the Douglas fir forests of the Pacific Northwest.


A few plants support many species of caterpillars. But are the plants that don’t still valuable?


Yes, indeed they are. Diversity itself is a good thing, and studies have shown that as the number of species in an ecosystem increases, so do ecosystem productivity and stability. But plants that support fewer caterpillar species still contribute to the productivity and stability of their ecosystem. Moreover, nearly all plants support at least a few species of caterpillars, many of which are specialists on those plants. Without the plants, we would lose these caterpillars. Tulip poplars, for example, support only 21 species of caterpillars in the mid-Atlantic States, 26 times fewer species than supported by oaks. But without tulip poplars, we would not have the tulip tree silk moth. Greenbriars support only 19 caterpillar species, but without these plants, there could be no curve-lined owlet, spotted phosphila, or turbulent phosphila moths. When the contributions of the plants that do not play keystone roles in the food web are combined, they become as substantial as those of many keystone plants. The best landscape will have a diversity of plants in addition to the keystone powerhouse species, all of which add to the redundancy in a yard’s food web.
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The beautiful curve-lined owlet caterpillar depends entirely on greenbriar.






When I plant a new tree, do I need to inoculate the soil with mycorrhizae?


The short answer: probably not. Mycorrhizal spores float on the wind pretty much everywhere and will eventually colonize the soil under your tree. But you can speed up the colonization of the soil with the appropriate mycorrhizae species by adding some soil (humus, really) dug from under a mature tree of the same species to the soil under your new tree. It is best if the host tree is in a natural setting, and it doesn’t have to be much humus. The mycorrhizae in the inoculant you transfer will grow quickly and colonize all the rootlets of your new planting.


You have stated that in the eastern United States, most meadows and prairies are temporary, unstable ecosystems because they receive so much rainfall that without continued disturbance, such as grazing or fire, they will move through succession to forests. Conversely, most wildflowers discussed as food for bees, for monarch way stations, and so on, are plants that need full sun. Are they not stable and self-sustaining?


In the long term, meadows and prairies are not stable. They will be overgrown by woody plants unless the woodies are kept at bay. Remember that part about disturbance in the form of fire or grazing? Before humans inhabited North America, huge numbers of very large mammals, many of which were browsers (they ate woody branch tips, particularly in winter), kept woody plants out of sunny meadows. Beavers the size of Volkswagens, giant sloths that could reach up 18 feet to browse, wood bison, mammoths, several species of rhinoceroses, camels, horses, elk, deer, and many others all kept much of what is now closed canopy, dark forest open in a more savanna-like landscape. The result of this disturbance was that prairie plants were plentiful, even in the eastern parts of North America. When humans did arrive, they managed eastern ecosystems with fire, which also allowed more sunlight into our forests than we typically see today.


How can I tell the age of a tree?


In the temperate zone, where trees grow only during the warm seasons, each year of growth for a tree is recorded with a distinct ring laid down by the cambium. These rings are clearly visible in the woody xylem if the tree is cut down. Aging trees without cutting them down requires an increment borer, a tool used to bore into the bark of the tree to its center core. It produces a slim cylinder of wood; all of the tree rings are visible along this cylinder. But the easiest way to age a tree is to learn about the history of the land around it. For example, if you want to know the age of trees on your property, find out when your house was built and what was on the land before it was built. If it was farmland, then you will know that the trees in your front yard are probably no older than your house. You may be surprised at how fast the trees have grown.


What is your position on genetically modified agriculture?


I have tried to keep my work as apolitical as possible. Everybody requires healthy ecosystems regardless of their politics. Genetically modified agriculture is a scientific issue, not a political one. It is a tool in our pest control toolbox. Its use should be compared to wide-scale use of pesticides, often sprayed from planes, when measuring its impacts. Can it be abused? Yes. Has it been abused? Yes. Is it always abused? No. Can it reduce overall use of pesticides? Yes. Is there a danger of genetically modified genes escaping into the environment? Almost certainly no. Genes move among plants through pollination. There is little danger of corn pollen fertilizing nearby trees, asters, or anything but a close corn relative, and there are no close corn relatives in North America. In short, fear of GMO technology is based more on misinformation than on empirical facts.


Animal Ecology


Why can’t insects adapt to imported plants that have been here for hundreds of years? Studies have shown rapid adaptation in Darwin’s finches and fruit flies, so it seems possible.


This is a reasonable question. In fact, this is one of the most important questions in this book! The answer is multifaceted. First, there is no pressure for insects to adapt to a new host. They have good hosts already, and they look for those instead of trying to use new ones. Darwin’s finches had no options—they had to eat new seeds or die. So there was very strong selection for slight variations in beak morphology that enabled birds to exploit new seed resources. Our insects don’t know we have removed most of their host plants, so they instinctively search for the chemical cues they have used for millions of years.


The second reason it is very difficult for insects to adapt to new host plants is the number of genetic changes that would be required to do so. Host plant specialization involves hundreds of genes—genes that control where the adult female searches for host plants, what volatile chemical cues from those plants she will be able to recognize, what surface waxes on the plant stimulate her to lay eggs on that plant, whether the hatching caterpillars are stimulated chemically to start eating the plant, and genes that enable the caterpillar to handle the chemical defense of that plant physiologically. This is far more complicated than a simple enzyme change that enables an insect to survive a toxic spray. Think of all the genes that would be necessary to direct an adult female to recognize a new plant as a potential host, to lay her eggs on it, and then to have the larvae physiologically able to eat the plant without dying—and all of these mutations happening at once in enough individuals so there would be a breeding population able to use a new plant. The chances of that happening are slim to none.


The monarch butterfly’s host relationship with black swallowwort is a good example of how difficult host switches are in nature. Black swallowwort (Cynanchum louiseae) was introduced to the United States from Europe as an ornamental in 1853. Before long, it escaped our gardens and is now a serious invasive species throughout much of New England. Black swallowwort is a member of the milkweed family, and the sensors on the monarch’s antennae, tarsi, and ovipositor recognize it as a milkweed. Unfortunately, this leads monarchs to mistake black swallowwort for their usual milkweed host and lay eggs on the plant, which is a serious problem for monarchs, because swallowwort’s defensive chemistry is different from what is found in the genus Asclepius, and monarch larvae do not have the enzymes they would need to detoxify it. And so, every tiny hatchling that finds itself on black swallowwort because its mother mistook the plant for a true milkweed starves to death. Even after 170 years of such mistaken exposures, monarchs have not developed sufficient adaptations to be able to develop on black swallowwort. Host switches do happen in nature, but they are extraordinarily rare.


You claim it takes thousands of years, if ever, for insects to adapt to new host plants. But some other entomologists disagree and point to several species of butterflies that now breed successfully on non-native plants. How do you explain that?


When I say it take eons for insects to adapt to a new host, I am talking about host switching, not host range expansion. In host switching, new adaptations are required by the insect to adapt to plants in evolutionarily novel lineages with phytochemical defenses the insect has never encountered in its evolutionary history. Host switching happens, but rarely, for all of the reasons I describe in the previous answer. Suppose, for example, that monarchs all of a sudden added snapdragons to their larval host repertoire. It is theoretically possible that this could happen, but I am not holding my breath. Snapdragons deploy totally different chemical defenses in their leaves, and it would take substantial evolutionary change for monarch caterpillars to become able to eat snapdragon leaves without dying. It would also take a considerable change in adult monarch sensory organs for females to decide to lay eggs on snapdragons. Changes of these magnitudes are very rare indeed.


Host range expansion, in contrast, occurs when an insect starts using a new host plant for which it already has developed the necessary adaptations. The black swallowtail, for example, is a specialist on plants in the carrot family, and it already has the adaptations required to exploit species in the carrot family. When we brought Queen Anne’s lace, carrots, parsley, and dill to this country, the black swallowtail already had the adaptations required to eat those plants. So it started using them as well as native hosts like golden Alexander. In this way, it expanded the range of plants it uses successfully for larval development. Host range expansion can happen as soon as the insect and new plant meet, because no further evolution is required. Most of the examples people offer of native insects readily using non-native plants are cases of host range expansions, not true host switches. But even accounting for host range expansion, the vast majority of our native Lepidoptera cannot use non-native plants. In fact, my research assistant Kimberley Shropshire and I have found that 15 times more Lepidoptera species use native ornamental plants than non-native ornamentals.


Are caterpillar host records recorded at the plant genus level a good index for the caterpillar productivity of all of the species in a genus?


First, let’s look at why we record host records at the genus level. Host plant records are scattered throughout the literature, and many of them are quite old, sometimes reaching as far back as the late 1800s. It was (and still is) commonplace for natural historians and scientists to record host plants at the genus level. Comments like “eats oaks” or “eats maples” are far more common than “eats white oak” or “eats red maple.” If a caterpillar is commonly collected on white oak, red oak, pin oak, shingle oak, post oak, bur oak, and so on, it is far easier to say “eats oaks” than to list every oak species it has been found on. Specific host records do occur in the literature, but they are far less common; if we used only these in creating our productivity index, we would lose more than half of the host records that actually exist.


Are there serious trade-offs when we record hosts only at the genus level? One possibility is that summing all the host records over the entire genus in a particular region inflates the number of caterpillar species any one member of that genus can support. The other possibility, and the assumption we have made, is that if a caterpillar is adapted to eating one member of a genus, it will have the adaptations required to eat all members of the genus. There are good reasons to make this assumption. Plants defend themselves against caterpillars with phytochemicals that are usually traits of every species in a genus. For example, oaks protect themselves with tannins. All oaks have tannins, so if a caterpillar species discovers through evolutionary time how to counter tannins as a defense, it would then be able to eat any oak that relies on tannins for defense. I am sure the number of caterpillar species supported varies across species in a genus, but the variation may be minor compared to the variance among genera in records of caterpillar use.


For example, oaks support 557 species of caterpillars in the mid-Atlantic region. Tulip poplars support only 21. You might argue that there are 20 species of oaks in the mid-Atlantic region and only a single species of tulip tree, and that any of the 20 oak species may support only 28 species of caterpillars (divide 20 into 557). This may be theoretically possible, but one would think that, by now, a great deal of host specificity would have been noticed in oaks.


Supporting the broad use of oaks by caterpillars is the leaf damage caterpillars leave behind. Two summers ago, one of my students, Christian Stoltz, compared total leaf area consumed on 16 different species of oaks in southeast Pennsylvania. He found no significant differences in the amount eaten among fourteen oak species. Two species, willow oak and water oak, had slightly less damage than the other species, but these two species are planted north of their natural range and therefore beyond the reach of caterpillars that would normally eat them in the south.


I have made my arguments using oaks as an example, but these arguments apply to all of the plants in an area. The number of caterpillar species recorded on a plant genus is the best indicator we have of the ecological value of that plant to local food webs. One might worry that this host index will undervalue good native plants, but before we had this index, we were overvaluing many natives in terms of their contribution to food webs. The reality is that all natives do not contribute equally. Therefore, it is important to include the best contributors, not exclusively, but as the foundation plantings of our landscapes.


In your books and talks, you always focus on moths, but aren’t butterflies important too?


Butterflies are beautiful, but they cannot hold a candle to moths in terms of ecological contributions, especially to food webs. We used to think that butterflies were a monophyletic group originating from a common ancestor only distantly related to moths, but DNA analyses have shown that butterflies are simply bad-tasting, day-flying moths. They evolved from moth lineages well after most moth lineages had diversified. They can fly during the day without fear of being eaten by birds because most are slightly or greatly distasteful, just like the iconic monarch. Moreover, there aren’t very many butterflies compared to moths: for every species of butterfly in North America, there are 19 species of moths. Most people labor under the misconception that butterflies are important pollinators. A few species are, but most species simply visit flowers for nectar without transferring pollen from the male flower parts to the female structures. We love butterflies primarily because most are beautiful.


In contrast, moths have been described by eminent entomologist Dan Janzen as the “meat and potatoes” of terrestrial food webs. What he means by this is that moths, mostly in their larval stage (caterpillars), transfer more energy from plants to other animals than any other type of plant eater. Remember that the energy that drives nearly all life on Earth comes from the sun. We can’t eat sunlight, though, so that energy is useless to us until it is locked up in the carbon bonds of simple sugars and carbohydrates that are created via photosynthesis in plants. In other words, the fact that plants turn sunlight into food enables the vast diversity of animal life that has evolved on this planet to exist—that is, those animals exist only if they can eat plants or eat something that ate plants. Most vertebrates do not get their energy directly from plants; they get it by eating insects that have eaten plants and have conveniently turned plant parts into valuable protein and fats. And moth caterpillars do this in more ways and at a faster rate than other types of insects. In short, I focus on moths and their conservation rather than butterflies because without moths, life on our terrestrial planet would be a mere shadow of its current self.


What size area is required to sustain a population of a species?


In the language of conservation biologists, you are asking what it takes to sustain a “minimum viable population.” It takes an area large enough to contain all of the resources required to sustain enough individuals to reproduce as fast as individuals are dying—that is, enough clean water, food, and safe sites. For a territorial species, the area must be large enough to contain the territories of all of the individuals in the population. How big this area needs to be will depend on the species in question. A medium-sized compost heap or rotting log is large enough to sustain a population of pill bugs. But it takes a mature forest half the size of Costa Rica to sustain a viable population of Harpy Eagles and even more space to sustain jaguars. Many butterfly populations can be sustained within an acre or two if that space is well-endowed with host plants and nectar sources. Most of the biodiversity that runs the ecosystems that sustain us requires more space than the average lot size, which is why it is so important for everybody to accept their inherent responsibility to care for our ecosystems. Although one well-landscaped lot can help migrating birds as they pass through, entire neighborhoods that favor productive native plants are needed to sustain a population of breeding birds and passersby.


In your book Bringing Nature Home, you state that up to 90 percent of all plant-eating insects are considered specialists. So is it correct to assume that some of the most successful non-native invasive insects are generalists? I’m thinking of Japanese beetle, gypsy moth, and spotted lanternfly, for example. Furthermore, do these successful non-native insects prefer plants from their native range? I have heard anecdotal accounts that spotted lanternflies, for example, are especially attracted to species of Ailanthus.


The case of introduced insects can be complex. Japanese beetle is a specialist on grass roots as a larva but a generalist as an adult. And we have lots of Japanese beetles because in the lower 48 states, 44 million acres of lawns serve up the larvae’s favorite food: grass roots. Hemlock woolly adelgids (on hemlock), emerald ash borers (on ash), and spongy moths (once known as gypsy moths, on oak) are all specialists. In specializing on these plants in their native lands, these insects acquired the ability to circumvent host defenses. That’s what specialists do. But because North American species of hemlocks, ashes, and oaks have never encountered these pests in evolutionary time, these trees have not developed defenses that would deter these insects (think of the human epidemics of measles in the Hawaiian Islands and smallpox in North America). Spotted lanternfly prefers species of Ailanthus, but because this sucking insect can avoid many plant defenses by plugging into phloem, which is poorly defended, it does well on plants with poor phloem defenses—and there are many of those. Back to spongy moths. In specializing on oaks, spongy moths have developed the ability to circumvent tannin defenses. Several tree species use tannins as defenses, so when spongy moths run out of oak foliage as they become large larvae, they can move onto other plant species and eat them as well.


What are the seasonal variations in bird use (for food) of oaks and other trees and native plants? Insects are important, but so are berries and seeds—but at different times and to different degrees for different birds.


Most birds can be divided roughly into four diet guilds: frugivores (birds that derive most of their carbohydrates, fats, and proteins from fruit), granivores (strictly seed eaters), insectivores (strictly arthropod eaters), and omnivorous birds that eat insects and spiders whenever they can (but particularly when they are breeding) as well as seeds and berries when they are available (primarily when insects are scarce during fall and winter). There are no true frugivores in the United States, although Cedar Waxwings eat more berries than most other species. Omnivores include many of our most common overwintering species including chickadees, titmice, cardinals, some woodpeckers, and robins. Others, like many warblers, gnatcatchers, Bushtits, kinglets, Verdins, swallows, swifts, and nightjars, are entirely insectivorous. Only 4 percent of North American bird species are true granivores, able to exist and reproduce on seeds alone. These include finches, House Sparrows (which are finches, not sparrows), doves, pigeons, and crossbills.


Granivores are generalists and will consume most types of seeds they encounter, whether they come from a native plant or not. For that matter, insectivores will take most insects, but they clearly favor caterpillars when migrating and feeding young. In fact, 96 percent of North American terrestrial birds rear their young on insects and spiders. My former student Ashley Kennedy found that in 16 of the 20 most common bird families, caterpillars dominate the nestling diet. And that is the main reason native plants, particularly our keystone plants, are so important for breeding birds: they support a lot of caterpillars.


Nearly all temperate zone birds breed in spring or early summer and rely heavily on the plants that produce those caterpillars, as thousands of caterpillars are needed for each nest. Migrants also depend on copious supplies of caterpillars to fuel their arduous flights. This is especially true for spring migrants, which enter lands in which plants have yet to make berries and orthopterans such as grasshoppers and katydids are still in the egg stage. Fall migrants continue to use the fat and protein supplied by insects, but many species will also gorge on ripe, high-fat berries if they can. Most birds that overwinter either eat seeds exclusively (granivores) or add seeds to their insect-based diets. For example, only 50 percent of the winter diet of the chickadees and titmice at your feeder is seed. The other 50 percent comprises insects and spiders, even in winter. And kinglets, surprisingly, do not migrate to the tropics where insects are plentiful all winter long. Instead, they stay up north hunting caterpillars and other insects that remain in leafless trees throughout the winter months. Insects are an important food source for most birds year round, while berries become important for some birds in summer, fall, and winter.
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A Golden-crowned Kinglet searches winter branches for caterpillars.
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Many caterpillars, particularly inchworms, spend the winter motionless in trees.






Do you know, or could you guesstimate, how long it would take an insect to coevolve with a host plant? I recently read that the West Virginia white (Pieris virginiensis) is laying its eggs on garlic mustard, which is toxic to its offspring. The article blamed this, in addition to other reasons, for the decline of the butterfly. Since garlic mustard is so persistent, I wonder if the West Virginia white can coevolve?


Garlic mustard is related to the West Virginia white’s native host plant, toothwort, in the mustard family. That’s why the butterfly is mistakenly laying eggs on it. How fast it responds to strong selection pressure like this will depend on how much genetic variation exists in its gastric physiology. If there isn’t much variation, it will have to wait for mutations to occur. That’s a very slow process. If there is a lot of variation, it can evolve fairly quickly, in maybe 20 generations.


I have heard you mention winter moths, a group of moths that fly during the winter months. How can they be active when it’s cold?


Several species of moths, including the sloping sallow, bicolored sallow, and roadside sallow, don’t emerge as adults until mid-autumn, and they are active right through Christmas. These moths are credited with being the primary pollinators of witch-hazel, a plant that does not bloom until after the leaves have fallen in a deciduous forest. Other species, such as the joker moth, Comstock’s sallow, and major sallow, emerge in late winter and are active until mid-April. And yet another group of moths are active from October all the way until May. These include many species of Lithophane pinions, mustard sallow, and straight-toothed sallow.


The general lore is that winter moths will fly on any night with a temperature above 50 degrees Fahrenheit, but I have collected them at my house when it was 45 degrees and falling, and I’ve watched a figure-eight sallow (Psaphida resumens) fly into a light when it was 32 degrees! How can a cold-blooded moth be active at such low temperatures? By shivering! Really! They vibrate their thoracic flight muscles rapidly enough to generate heat. This self-generated heat enables them to stay active when other insects are in diapause or deep torpor. Winter moths occupy a nearly empty niche by flying during the cold months, but it is hard to imagine why natural selection favored such behavior in so many unrelated species. Maybe being active after most of the insectivorous birds have migrated south was a good enough reason, but it seems like a hard life to me. (I get cold easily!)
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Winter moths such as the bicolored sallow are credited with pollinating witch-hazel.






Are riparian corridors good for migrating birds?


Of course! Riparian corridors (well-planted buffers along waterways) are beneficial for lots of reasons, including habitat connectivity, shading the waterway to reduce the water temperature (many fish and mollusks cannot tolerate warm water), and filtering pollutants before they enter our streams and rivers. But they can also supply habitat (a place to live and food to eat). Some rivers—most notably the Mississippi—flow from north to south, the same direction migrating birds are traveling. These rivers provide road maps for migrants, and habitat along the waterway provides essential stopover resources. When flying over land, most migrants travel only at night, and they don’t fly more than 300 miles in a single night. After every flight, they must stop and rest wherever they are. Whether or not the riparian corridor lies in the direction they are flying, it can serve as a stopover site full of insect food in spring and insects and native berries in fall if it contains the appropriate native plants.


I have always brushed off spider webs from my outdoor structures whenever I see them. I’ve heard that’s not a good idea.


Right. Spider webs are important resources in nest construction for small birds such as hummingbirds, Blue-gray Gnatcatchers, kinglets, and Bushtits. Spider web silk is made of complex proteins that are elastic and tough. When spider silk is a major component of a nest, the nest will stretch to accommodate the size of the nestlings within it as they grow. Spider webs are also the homes of the spiders we want, if for no other reason than to eat the mosquitoes we don’t want.


Since adult moths are an important food source for bats, do we have any idea how bird predation of caterpillars affects the feeding and breeding success of our bat populations?


To my knowledge, no one has attempted to demonstrate experimentally the connection between moths, birds, and bats, though logically we know it must exist. If A eats B, and C eats B, then there is the potential for A and C to compete with each other for access to B. It’s not just birds and bats that depend on moths, as countless other predators and parasitoids do as well. This is just another reason to plant species that support lots of Lepidoptera to ensure that there are enough caterpillars and moths to meet the needs of organisms at higher trophic levels.


Which caterpillars are birds focusing on early in the season to feed their young? I don’t see any caterpillars out there, and I wonder what species are active early on?


Migrating birds focus primarily on caterpillars in the Geometridae family, the inchworms. Not only do they hatch out just as leaves are expanding, but many species overwinter as nearly mature caterpillars and can be found before any leaves pop. You don’t see any spring caterpillars for two reasons: the birds have eaten most of them and there are fewer caterpillars these days than when I was growing up.


I am worried that if I allow insects to eat my plants as you suggest, they will kill most of them. Do I worry too much?


You certainly do! Who do you think was preventing insects from killing all the plants before we arrived on the scene? From all I’ve heard, North America was a vibrant, verdant place even before humans first set foot on the continent, and with no help from us. That’s not to say that nothing was controlling phytophagous (plant-eating) insects. In all of her wisdom, Mother Nature did not create ecosystems with just two trophic levels—plants and the creatures that eat plants. She also included predators, parasitoids, and diseases that live off insect herbivores—thousands of species that keep insect herbivore populations in check.


The ironic thing about spraying to keep your plants safe from insects is that the first creatures to die from insecticides are the insect predators and parasitoids that control plant eaters. Because they do not have to detoxify defensive compounds in plants, as insect herbivores have to do every day, insect natural enemies are far more sensitive to insecticides than are the target insects. Often, spraying actually creates more insect problems than it solves. Spraying favors pests that are resistant to insecticides, while killing the natural enemies that would have controlled potential pests. Your plants are far more resilient to insect herbivory than most people think. The best course of action when you have an outbreak is to do nothing and let the natural enemy community do its job. If you want to worry about something worthwhile, try worrying about the health effects of the insecticides you use to kill those insects that are eating your plants.


Does a higher diversity of caterpillar species hosted by any one tree genus always translate into a greater abundance of caterpillars in any one tree during a given year?


A strong correlation exists between species diversity and abundance. For example, oaks support the most species of caterpillars in North America and, on average, they also support the greatest number of caterpillars in a given place at a given time. There are important exceptions to this general rule, and the spruce budworm in Canada’s boreal forests is probably the most blatant. The spruce budworm is a complex of species in the genus Choristoneura that develop on conifers in the northern part of the continent. In any one area, usually only one or two species are present, but they build to enormous numbers so reliably that many warbler species choose the boreal forest as their breeding destination. Species such as the Bay-breasted Warbler assess the size of the budworm population and then adjust the number of eggs they will lay in their nests accordingly. When budworm populations are high, these warblers can successfully raise up to nine chicks in a single breeding attempt. In contrast, when budworm numbers are low, they may lay only four eggs and then struggle to feed their chicks.


How do moths find their host plants? It seems inconceivable that they would be able to find a new planting somewhere.


It does seem incredible that moths can locate their host plants within a matrix of all the other plant species growing in a particular area, which can easily number in the hundreds. But it is no more incredible than it would be for you to locate a person in a crowded room who is wearing your favorite perfume or cologne; you would simply walk around and sniff each person you encountered until you found that fragrance you love. Moths and other insects that eat plants find the appropriate plant species in the same way—by smell. And they are very good at it, because the very existence of their species has depended upon their ability to detect and recognize the odors of their host plant accurately for millions of years.


Just like our noses, insect bodies are loaded with thousands of chemoreceptors. Insect antennae are packed with receptors capable of detecting minute quantities of odors produced by plants or, if they are males, by females of their species. A female moth looking for the right plant on which to lay her eggs, for instance, will follow odor plumes of her host plant as she flies through the air, until she finds a likely candidate. She must be certain she has chosen correctly, though, for if she lays her eggs on the wrong plant species, her young caterpillars will not be able to eat that plant and they will all die. So she employs a second set of chemoreceptors on her feet. She lands on the plant and smells, if you will, the signature odor of that plant, which is embedded in the waxy coating covering its leaves, by walking over the leaf surfaces. Only when she is satisfied that she has indeed arrived at an acceptable host plant will she lay one, several, or all of her eggs.


How many leaves of a plant are required to “make” a butterfly or moth? How many caterpillars does it take to “make” a bird?


This is a wonderful question, because it forces us to think about the mechanics of a viable food web. Having food available for members of each trophic level is a good start, but it results in a successful food web (the transfer of energy from plants through all the layers of herbivores and predators) only if there is enough food available to support vibrant populations of all groups. So how much is enough? How many leaves of a plant are required to bring a caterpillar through from egg hatch to pupation? Someone actually calculated that number for spicebush swallowtails, and it turned out to be three mature spicebush leaves—that is all it takes to make one spicebush swallowtail. You could have a large population of spicebush swallowtails in your neighborhood and never notice any of the herbivory required to make that population on your spicebushes. Some caterpillars are messy eaters and accidentally snip off a few sections of the leaf they are eating without actually eating those sections. Those species would require a few more leaves to reach maturity. And these estimates would depend on how big the caterpillar gets before it pupates. Cecropia moth caterpillars, for example, reach the size of a sausage! Naturally they eat many more leaves than a small moth like the distinct sparganothis, a specialist leafroller on goldenrod. In all cases, however, a single caterpillar—even one of our largest caterpillars—requires only a small portion of its host plant to complete its development.
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Cecropia moth caterpillars can easily be 5 inches in length when fully grown.






How many caterpillars are required to make a bird? Few people have actually sat down to count all of the caterpillars that birds bring to their nest, but those who have had the patience to do this have recorded astounding figures. In 1973, for example, Robert Stewart made detailed records of a Wilson’s Warbler pair while they were feeding their young. He found substantial differences in how diligently the male and female worked at this endeavor. The male was no slouch, carrying food to the nest 241 times in a single day, but the female put him to shame: on that same day, she fed the nestlings 571 times! This rate was maintained over the five days he watched the nest. Stewart did not count the actual number of caterpillars the pair brought to the nest; feeding was rapid and often a parent carried more than one caterpillar in its beak at a time. Yet even if only one caterpillar was brought to the nest each trip, the pair would have brought in 812 caterpillars per day, or 4060 caterpillars in total, during the five days Stewart watched the nest. The chicks he observed stayed in the nest for eight days before they fledged.


These observations are not exceptional. In 1967, Louise de Kiriline Lawrence recorded sapsuckers feeding their young 4260 times, Downy Woodpeckers 4095 times, and Hairy Woodpeckers 2325 times before the young fledged and left the nests. In 1971, Stephen Martin watched Bobolinks bring food to their nests 840 times a day for 10 days in a row. All of these species regularly bring in multiple prey items per trip. The point is clear: to have breeding birds in our ecosystems, we need to grow plants that generate huge numbers of caterpillars.
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