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 Introduction

 


If you would know the secret of death you must seek it in the heart of life.


—Kahlil Gibran, The Prophet


 


.... Earth’s the right place for love; I don’t know where it’s likely to go better.


—Robert Frost, “Birches”


 


Yo, Bernd—


I’ve been diagnosed with a severe illness and am trying to get my final disposition arranged in case I drop sooner than I hoped. I want a green burial—not any burial at all—because human burial is today an alien approach to death.


 


Like any good ecologist, I regard death as changing into other kinds of life. Death is, among other things, also a wild celebration of renewal, with our substance hosting the party. In the wild, animals lie where they die, thus placing them into the scavenger loop. The upshot is that the highly concentrated animal nutrients get spread over the land, by the exodus of flies, beetles, etc. Burial, on the other hand, seals you in a hole. To deprive the natural world of human nutrient, given a population of 6.5 billion, is to starve the Earth, which is the consequence of casket burial, an internment. Cremation is not an option, given the buildup of greenhouse gases, and considering the amount of fuel it takes for the three-hour process of burning a body. Anyhow, the upshot is, one of the options is burial on private property. You can probably guess what’s coming . . . What are your thoughts on having an old friend as a permanent resident at the camp? I feel great at the moment, never better in my life in fact. But it’s always later than you think.


 


 This letter from a friend and colleague compelled me toward a subject I have long found fascinating: the web of life and death and our relationship to it. At the same time, the letter made me think about our human role in the scheme of nature on both the global and the local level. The “camp” referred to is on forest land I own in the mountains of western Maine. My friend had visited me there some years earlier to write an article on my research, which was then mostly with insects, especially bumblebees but also caterpillars, moths, butterflies, and in the last three decades, ravens. I think it was my studies of ravens, sometimes referred to as the “northern vultures,” that may have motivated him to write me. The ravens around my camp scavenged and recycled hundreds of animal carcasses that friends, colleagues, and I provided for them there.

My friend knows we share a vision of our mortal remains continuing “on the wing.” We like to imagine our afterlives riding through the skies on the wings of birds such as ravens and vultures, who are some of the more charismatic of nature’s undertakers. The dead animals they disassemble and spread around are then reconstituted into all sorts of other amazing life throughout the ecosystem. This physical reality of nature is for both of us not only a romantic ideal but also a real link to a place that has personal meaning. Ecologically speaking, this vision also involves plants, which makes our human role in nature global as well.

 The science of ecology/biology links us to the web of life. We are a literal part of the creation, not some afterthought—a revelation no less powerful than the Ten Commandments thrust upon Moses. According to strict biblical interpretations, we are “dust [that shall] return to the earth as it was: and the spirit shall return unto God who gave it” (Ecclesiastes 12:7); “thou return unto the ground; for out of it thou wast taken; for dust thou art and unto dust shalt thou return” (Genesis 3:19).

The ancient Hebrews were not ecologists, however. If the famous lines from Genesis and Ecclesiastes had been stated with scientific precision, they would not have been understood for two thousand years; not one reader would have been ready for the concept. “Dust” was a metaphor for matter, earth, or soil. But in our minds the word “dust” suggests mere dirt. We came from and return to just dirt. No wonder early Christians belittled our physical existence and sought separation from it.

But in fact we do not come from dust, nor do we return to dust. We come from life, and we are the conduit into other life. We come from and return to incomparably amazing plants and animals. Even while we are alive, our wastes are recycled directly into beetles, grass, and trees, which are recycled further into bees and butterflies and on to flycatchers, finches, and hawks, and back into grass and on into deer, cows, goats, and us.

I do not claim originality in examining the key role of the specialized undertakers that ease all organisms to their resurrection into others’ lives. I do believe, however, that many readers are willing to examine taboos and to bring this topic into the open as something relevant to our own species. Our role as hominids evolving from largely herbivorous animals to hunting and scavenging carnivores is especially relevant to this topic; our imprint has changed the world.

 The truism that life comes from other life and that individual death is a necessity for continuing life hides or detracts from the ways in which these transformations happen. The devil, as they say, is in the details.

Recycling is perhaps most visible—as well as dramatic and spectacular—in large animals, but far more of it occurs in plants, where the most biomass is concentrated. Plants get their nutrients from the soil and the air in the form of chemicals—all bodies are built of carbons linked together, later to be disassembled and released as carbon dioxide—but nevertheless they are still “living off” other life. The carbon dioxide that plants take up to build their bodies is made available through the agency of bacteria and fungi and is sucked up massively and imperceptibly from the enormous pool of past and present life. The carbon building blocks that make a daisy or a tree come from millions of sources: a decaying elephant in Africa a week ago, an extinct cycad of the Carboniferous age, an Arctic poppy returning to the earth a month ago. Even if those molecules were released into the air the previous day, they came from plants and animals that lived millions of years ago. All of life is linked through a physical exchange on the cellular level. The net effect of this exchange created the atmosphere as we know it and also affects our climate now.

Carbon dioxide, as well as oxygen, nitrogen, and the other molecular building blocks of life, are exchanged freely from one to all and all to one daily on a global scale, wafted and stirred throughout the atmosphere by the trade winds, by hurricanes and breezes. Molecules that have long been sequestered in soil may be exchanged within the local community over a long time. Plants are made from building blocks derived from centipedes, gorgeous moths and butterflies, birds and mice, and many other mammals, including humans. The “ingestion” of carbon by plants is really a kind of microscopic scavenging that happens after intermediaries have disassembled other organisms into their molecular parts. The process differs in method from that of a raven eating a deer or a salmon, whose meat is then spread through the forest in large and not yet fully disassembled packets of nitrogen, but it does not differ in concept.

 DNA, on the other hand, though made mainly of carbon and nitrogen, is precisely organized and passed on directly from one individual plant or animal to the next through a fabulous copying mechanism that has operated since the dawn of life. Organisms inherit specific DNA molecules, which are copied and passed from one individual to another, and so it has continued over billions of years of ever-conservative descent, which has branched through innovation into trees, birds-of-paradise, elephants, mice, and men.

 


WE THINK OF the animals that do the important work of redistributing the stuff of life as scavengers, and we may admire and appreciate them for providing their necessary “service” as nature’s undertakers. We think of them as life-giving links that keep nature’s systems humming along smoothly. We tend to distinguish scavengers from predators, who provide the same service, but by killing, which we associate with destruction. But as I began to think about nature’s undertakers, the distinction between predators and scavengers became blurred and almost arbitrary in my mind. A “pure” scavenger lives on only dead organisms, and a pure predator on only what it kills. But very few animals are strictly one or the other. Ravens and magpies may be pure scavengers in the winter, but in the fall they are herbivores eating berries, and in the summer they are predators living on insects and mice and anything else they can kill. Certain specialists, however, some with unique abilities, spend most of their time finding food in one way. Polar bears usually catch seals at their breathing holes in the ice, but on occasion they will find and eat a dead one. A grizzly bear will relish a dead caribou as well as one it has killed, but most of the time it grazes on plants. A peregrine falcon is a swift flyer that captures flying prey, while a vulture would not as a rule be able to capture an uninjured live bird, so it has to rely on large, already dead prey. Indeed, vultures, ravens, lions, and almost all of the animals we typically typecast as “predators” just as readily take the ailing and half-dead and the (preferably fresh) dead; they will not enter a fight for life with another animal unless they have to. Herbivores too take those organisms that are least able to defend themselves. Deer and squirrels, for instance, munch on clover and nuts but will gladly eat any baby birds that they find in a nest. Strictly speaking, herbivores take the most lives; an elephant kills many bushes every day, while a python may ingest but one wart hog a year.

 The potential ramifications of recycling are almost as varied as the number of species. I hope to provide a wide view, and I give examples from personal experiences everywhere from my camp in Maine to the African bush.


 I. SMALL TO LARGE

Size is an important aspect of the way an organism can live and the form it can have. It determines the kind and proportions of body support systems that are needed to fight gravity. An organism’s size determines the diffusion rates of gases and nutrients, which set the maximum metabolic rate, the amount of food required, the kinds of places used to hide in, and the defenses needed. Size matters in how a body is disposed of, who the disposers are, and how they do it. Burial, part of what we associate with “undertaking,” is seldom part of disposal, but when it is, it is not to get rid of bodies but to keep them for a purpose.


 


 BEETLES THAT BURY MICE

I often see flowers from a passing car

That are gone before I can tell what they are.


—Robert Frost, “A Passing Glimpse”


 


CATS MAY SCRAPE LEAVES AND GRASS OVER DEAD PREY TO conceal it, and some wasps drag drugged but living insects into previously constructed homes so the wasp larvae can safely feed on fresh meat. But to my knowledge, only one group of animals, beetles belonging to the genus Nicrophorus, regularly moves carcasses to a suitable place and then deliberately buries them. Unlike humans, who generally bury only our own species and those pets who have become surrogate humans, these beetles bury a great diversity of birds and mammals but never their own kind. They bury dead animals as a food source for their larvae, and the burying is a central part of their mating and reproductive strategy.

There is much in a name, but sometimes it can be misleading. The genus name, Nicrophorus, comes from the Greek nekros, meaning dead, and philos or philia, meaning loving. (Nicro was probably a spelling mistake by the person who originally named the species; by scientific convention, the original name has prece dence.) Not that “death-loving” is strictly accurate, either. It might factually have been more appropriate to call the beetles “life-loving,” or viviphorous, because their whole purpose in seeking out dead animals is to create life from those already dead. A mouse carcass, for example, will nourish a dozen or more new beetles.

 Burying beetles (also called sexton beetles) are master mouse undertakers. They are strikingly beautiful, colored deep black and adorned with flashy, bright orange markings on the back. Their fascinating life cycle involves monogamy and extensive parental care of their offspring. They are so common and widespread that almost anyone in the north temperate zone of the earth can see them in late summer if they want. I meet them regularly every summer, but only because I give them dead mice and road-killed birds.

The romantic story line of Nicrophorus beetles (of which there are sixty-eight recognized species worldwide, including ten in northeastern North America, where I live) is that a pair is formed after meeting at a carcass. When a male finds a mouse or other suitable carcass, he executes what is essentially a headstand on it and emits scent from a gland at his rear end. The “calling” scent wafts away on a breeze, and if a female detects it she flies upwind to find him and his carcass, and they mate. (On the other hand, if a male comes along, he may be aggressively excluded by the original mouse claimant.) The male and female cooperate in burying the carcass in part to get it away from other possible claimants, which often requires transporting it to soil suitable for digging the burial chamber.

Burying beetles don’t have grasping feet, so the pair transport a carcass by crawling underneath it and lying on their backs with feet up, “walking” on the carcass rather than on the ground. As long as the beetles can partially lift the mouse while their backs stay pressed to the ground, the carcass moves forward. The trick is to get it to move in the desired direction, and indeed these beetles do pick a specific direction and stick to it. The wonder, I think, is that both members of the pair apparently “know” where they are going, because they work the carcass in the same direction rather than at random, which would not be at all effective.

 After the beetles have moved the carcass to the selected area, they excavate the soil under the carcass by pushing it out to the sides. Gradually a pit develops and the mouse (or other small animal) carcass, which is by now softening, folds inward and gradually sinks into the soil. After burying it several inches deep, the pair continue to roll the carcass into a ball while at the same time removing its hair (or feathers). They spray it with antibiotic secretions from the anus, which kill bacteria and fungi and thus retard spoilage of this valuable food. The female then lays eggs in soil nearby. The larvae hatch in several days, crawl to the carcass, and settle into a depression at the top. Both parents feed the larvae regurgitated food taken from the carcass until the larvae are able to burrow through the skin and into the softening meat.

Like the parents of altricial baby birds (those that hatch naked and helpless), the adult beetles make squeaking noises to announce that they’re ready to feed the young. In response, like baby birds, the grubs raise themselves up and are fed directly, mouth to mouth. As the grubs get older, they feed themselves, but they may still be assembled by the parental dinner call and fed directly. After several days the male usually comes up out of the ground to search for another carcass and start another family. The female usually stays longer with the larvae.

After a week to ten days, the fully grown young burrow into the surrounding soil, where they pupate. In most northern species, they hibernate where they are and emerge as adults the following spring or summer, with the seasonal timing varying among species.


 The Nicrophorus life cycle has been studied in ever greater depth and detail for more than a century and is still a source of wonder. Current work has centered on hormonal regulation of the life cycle and on differences between species of burying beetles. For example, one species buries snake eggs rather than animal carcasses. Usually the behaviors follow the pattern described above, as notes from my journal suggest:

 


11 August, 2009. 5 P.M. The fresh mouse [white-footed, Peromyscus leucopus] I put out this morning is no longer visible; it is almost buried by a Nicrophorus. Only the one beetle on it when I pulled the carcass out of the ground.


 


12 August, 2009. The mouse is re-buried, when I checked on it at 3 P.M. As expected, there is now a pair on it.


 


That year I returned to my camp on August 27, and ten days later I excavated the buried mouse; I found only a skull and a clump of fur, along with fifteen to twenty Nicrophorus beetle grubs stacked up vertically in tight formation, consuming the last of the mouse. There were no fly maggots.

On my previous visit ten days earlier, I had set traps in the cabin to catch more mice, and I now had five dead ones in various stages of decay, from soft and stinking to dried up (and also stinking). Before setting them on the ground outside for the beetles, I tied a white string onto each carcass with a different number of knots at the end of each string so that I could identify them after they were buried. Only a few minutes after I deposited the mice, the first sextons came humming along and homing in on the scent. Seconds after they flew in, they plopped onto the ground and, with their antennae waving, made a beeline to a mouse.

In two hours one mouse had seven beetles crawling over and under it and squeaking. I was surprised to see so many beetles at one mouse, but this one was half dried up and could not serve as a brood nest, so it was not likely being strongly defended by a pair wanting to claim it. I was also amazed at the noise-making, because beetles don’t have ears; the sound is made by the friction of body parts rubbing together. Shiny greenbottle flies (botflies) came, ready to deposit eggs that would in hours hatch into hungry maggots. Occasionally, white-faced hornets on the hunt for flies flew in and patrolled close to the ground, pouncing down here and there, but their potential prey usually disappeared shortly after the hornets arrived.

 Beetle pairs met at two other mouse carcasses and within an hour had buried them by excavating the earth to create a hole into which the mouse dropped. Thus was their prize removed from the competitors: ravens, botfly maggots, and other beetles. The beetles had mites all over their bodies, as though infested with parasites. But these mites are the beetles’ allies, for they kill or consume the botfly eggs that got onto the mice before they were buried.

The next summer I offered up a shrew, a fresh Blarina brevicauda, in order to again watch the undertakers. This shrew is one of the few mammals with a poisonous bite and an unpleasant odor, and even most predators who kill one then discard it. House cats commonly bring them indoors, and most people think of them as moles because they have short gray hair and a pointed nose, though not the shovel-like front feet of a mole. Shrews are among the most common animals in the north woods, but those of this species are seldom seen because, unlike most shrews, they live underground.

It was August 5, 2010. I had brought the Blarina shrew to camp late the night before and put it outside by the camp door in a clean spaghetti-sauce jar tipped sideways. The next morning, at 6 A.M., after I had had my coffee and toast and was ready to settle down for a long uninterrupted session of beetle watching, I went out for a look. Four beetles were in attendance, and in their gorgeous jet-black garb with bright orange stripes they made a pleasing picture on the shrew’s dark gray fur. They were all Nicrophorus tomentosus, a species that has short yellow fuzz on the thorax. They had already removed the shrew from the jar, and a pair of them were under it, heaving it along the ground beyond the jar lip. The other two beetles, who were much smaller, were ten centimeters distant and apparently hiding underneath the jar cap. They stayed there for at least the next hour as the larger pair continued to move the shrew.

 The ground near my doorstep is solidly packed; it was not a suitable place for the beetles to bury their prize. Independently of each other, the two beetles made repeated excursions in all directions, sometimes as far as sixty centimeters away, as though searching for a place to take the carcass for burial. Then they would return to the shrew before going off in another direction. How did they find their way back each time? Did they remember the route they had taken? To find out, I intercepted a beetle and placed a spoon in front of it, guiding it to walk onto the spoon, then released the beetle two feet from the carcass. It walked directly to the carcass without any apparent search. Had it memorized the local topography? I intercepted the other beetle as it was searching sixty centimeters north of the carcass and released it a meter and a half south of the shrew. If it navigated by remembering its previous route, it should now continue to run on away from the shrew. This beetle stayed still for a few moments, then lifted off in flight and went directly back to the carcass. I now removed one of the two beetles a meter and a half away, as before, and this one preened and then flew directly back to the carcass as well. Another time I placed one of the beetles a meter away from the carcass. This one turned in many little circles as though searching before walking in a direct line back to the shrew.


 These beetles appeared to be more clever than I thought possible. I would have liked to experiment further, and the mystery of their homing ability remains in my mind. But I had to stop interfering with these individuals, because at this time I was mostly concerned with their carcass handling.

Meanwhile, one of the smaller beetles that had hidden under the jar cap emerged and went directly to the carcass. Would it try to steal it away from the pair? No, its intentions were clear; the second it got there it (he!) jumped on the back of the larger of the pair and copulated with her. That took only a few seconds, and then he left immediately and hid again, this time under loose bark on the soil about thirty centimeters away. There was a lot more going on here than I had ever expected, so I kept up my watch.

At 7:15 A.M. another Nicrophorus came flying in. This one circled around for at least a minute before it finally landed at the shrew carcass. Almost immediately it mated with the resident female. Then still another flew in, and the same thing happened. The female who was getting all of this attention continued crawling around the shrew without any interruption—around and under the carcass she went, trying to bury it. I thought that the pair was “supposed” to fight the intruders off, but I saw no fighting. By this time the shrew had been moved only about thirty centimeters away from the jar, but it was still on hard-packed ground, and there was no soft soil nearby.

After the second mating, which again took only a few seconds, I picked up the visiting male with my spoon (so as not to handle him directly and startle him) and dropped him a meter and a half from the carcass, wondering if he would return to it or to her. He seemed not in the least perturbed; he just sat where I dropped him and proceeded to clean himself compulsively. He used his legs to rub his abdomen, then his head and antennae, and then he rubbed his legs against each other. Done with that, he hesitated a few moments, then took off in flight and circled around before landing on a cherry twig at least three meters distant from the shrew, where I took photographs of him. I noticed then that he was covered with mites. I had not seen mites at all while he was mating; at that time the bright orange stripes on his back stood out. Now the mites were attached all over his back, almost fully obscuring the orange so that he looked pinkish brown. The mites were camouflaging him. But where had they been just before he took flight?

 To the mites, the beetles are simply a vehicle for hitchhiking to more fresh fly eggs. As soon as a beetle finds a carcass, the mites hop off and forage, and when the beetle leaves they presumably hop back on.

A friend recently told me he caught several sexton beetles in a can with some rotting meat. When he later looked in he found that two were dead and two almost dead. He saw mites “walking all over the half-dead ones as though to revive them.” One of the sextons did revive, and then all the mites on it immediately scooted under its elytra (wing covers). I wondered if the mites sensed that the beetle was leaving. This is not a preposterous idea (although I am of course not inferring conscious knowing) because the beetle would shiver before taking flight to raise its body temperature, and either the vibrations or the temperature change might signal the mites to attach themselves so they could be safely carried.

Another beetle came flying in around 8:00 A.M., apparently with the same intention as the others, and it was not just to eat carrion. First things first: an immediate mating. Still another one came at 8:15. For a while there were five beetles at the carcass, but three eventually walked off and hid under the debris on the ground nearby. The original pair was finally alone at the carcass. I’m not sure what all of these vignettes prove, but they did cast doubt in my mind about the beetles’ reputed monogamy.

Throughout the two and a half hours I watched the beetles, I heard repeated episodes of squeaking. These sounds occurred only at the carcass, and I think they were made by the pair, because I heard the sounds as much when they were there alone as when others joined them, so the squeaking probably was some kind of communication between the two.

 As the air temperatures rose through the morning, both green and blue botflies started flying in. A few red Formica slave-making ants, which had earlier in the summer moved into the roof space of my cabin, also showed up. The beetles appeared to pay no attention to these visitors, but by now it was clear that this shrew was not going to get buried. The distance to suitably soft soil was too great for the pair to move it that far. The prize would now go to the flies or the ants or would become a resource for food or sex for adult burying beetles. It was not destined to be a place and resource for rearing their young.

I watched the beetles try to move the shrew for the rest of the day to document the developing story as fully as I could. By noon, when temperatures in the shade had risen to 86 degrees F, as many as eight beetles—all N. tomentosus—were at the shrew carcass at the same time. I had watched nearly continuously and observed fourteen additional matings. On the other hand, I had seen only two tussles, each lasting only seconds—no real fighting. The pair eventually moved the shrew about a meter farther before they stopped trying; it was still on packed soil. Though botflies were abundant, I saw no eggs. I observed one large muscid fly deposit a live larva but saw no developing maggots.

By noontime the beetles had finally chewed a hole through the belly skin of the shrew. At least two entered the carcass and were presumably feeding there or else trying to find a way out, as the skin heaved here and there. From then on the carcass did not budge from the spot. By 3:00 P.M. there were no beetles left, but that night, at 8:45 P.M., I found two back under it.


 The next day I opened the carcass and found seemingly fresh meat but not one maggot, despite the dozens of both green and blue botflies that had been on it the day before, along with the beetles. I moved the shrew onto soft soil, and for the rest of that day there were never more than two beetles on the carcass, which the pair finally buried.

 


MICE AND SHREWS are of manageable size for these undertakers, but what would happen, I wondered, if they got something far too big, such as a super-sized “mouse”—a fresh road-killed gray squirrel? In the first two hours after I laid the cut-open squirrel on the ground next to my cabin, it attracted five N. tomentosus. The next day there were up to eighteen of these beetles on the carcass at a time, with one to four of them “calling” (standing still with hind end up in the air dispensing their come-hither scent to attract others). More beetles were flying in while others were leaving. I saw no evidence of pairs, though; most of the beetles were feeding on the meat, and there was a lot of random-seeming mating.

The next day the temperature dropped from 75 degrees F to 55. There had been very few botflies, and now all of the beetles left. Most walked from a half meter to two meters away from the squirrel carcass and buried themselves under the leaves and in the soil. A raven came and took away the carcass with its still almost fresh meat, putting an end to my attempt to find out what the beetles might do.

I decided to let a rooster stand in for the squirrel so I could get a more detailed picture. I laid a fully feathered dead bantam rooster belly-down (but not cut open) on the ground in the woods. Temperatures were in the high 80s, and when I checked the rooster the next day, it had already attracted hundreds of green botflies, whose maggots could devour the whole animal in days. The rooster’s feathers were coated with hundreds if not thousands of white botfly eggs. When I turned the bird on its back, more than a dozen Nicrophorus beetles scattered in all directions. The dry leaves surrounding the rooster fizzed like an opened champagne bottle. All the sextons were running fast and burying themselves under the loose leaves. I was so startled to see them I didn’t catch a single one.

 At this carcass I noted several species of Nicrophorus. I had not known how much variation in coloration and size there is between species, and I wondered if I should examine all of the beetles in detail to find out what species they were. Should I wait to see if they would fight it out until only one pair of each species remained? Or would all the beetles somehow “cooperate” and fight off the imminent takeover by the flies? I decided to just wait and see what would happen.

By the next day there were even more Nicrophorus beetles on the rooster carcass. Curiously, there were no more botflies, although temperatures continued to hold in the 80s. Even more curious, all of the botfly eggs that had been deposited on the feathers now seemed shriveled; they had apparently died. There was not a maggot in sight. The skin of the rooster looked pristine, as though it had been sterilized. I was seeing the result of the sexton beetles’ battle with the flies, and here the beetles had won. The numerous (about two dozen) beetles at this large carcass had probably reduced the competition from maggots, which usually overwhelm a carcass and claim all or most of it. With so many beetles, though, each one paid a price, because when two or more pairs are breeding communally at a carcass, the larger individuals are stimulated to increase their ovarian development, while the smaller beetles’ development is delayed. I was glad that I had let the drama play out, yielding such a clear and dramatic result.

To determine how many beetle species were using the carcass, I needed to catch them all. I left the beetle horde to reassemble under the rooster for a couple of hours, and when I came back I carefully removed all of the leaf litter and loose soil around the carcass to limit the beetles’ escape routes. Then, keeping an open jar at the ready to dump the beetles in, I turned the rooster over and started grabbing. After I caught all the running beetles I could see, I started digging. Those that had made it under cover were not always easy to see, because the second defense of these beetles who bury the dead is to fake death; they curl up with their legs extended, just like a dead specimen. They lie on their side or back so that you see only their dark underside against dark soil; the bright orange patches on their backs are not visible. Despite their evasive maneuvers, I managed to get a haul of thirty-nine Nicrophorus beetles, which turned out to be of four different species.

 I followed the fate of the rooster carcass for another five days, continuing to collect beetles, for a total of seventy sextons (fifty-eight N. tomentosus, nine N. orbicollis, two N. defodiens, and one N. sayi). The N. tomentosus, by far the majority, were the same species I had observed in pairs on the many mouse, shrew, and chipmunk carcasses I had set out that month. There had been no burial of this rooster, but neither had the flies taken it; it remained maggot-free. On the sixth night it was finally taken away by a large animal, probably a skunk or a raccoon.

 


THERE WERE MORE mysteries here than I could ever solve, making these results all the more exciting. But as always, some of the most surprising revelations from my observations had nothing to do with what I was originally looking for. In this case something unusual caught my eye when I dumped some of the captured beetles into a second jar.

As I have mentioned, the first escape strategy by these beetles when a “predator” comes to the carcass they are on is to run and hide and then burrow into the soil. I’ve described how they “play possum,” feigning death, but when I picked them up they quickly gave up on that defense and bit me instead. In the jar, with these three options unavailable, some beetles tried a different tactic: flying out. I looked closely at a beetle in my jar, admiring its black back with bright orange markings—not only because the markings were beautiful but also because they can identify the species. I was shocked to see the bright orange and black turn, in a flash before my eyes, to brilliant lemon yellow the instant the beetle took flight! How could that be?

 Like many insects living today, the ancestors of beetles had two pairs of wings. Now, however, they have only one pair. The original first pair has become modified into a two-part hard shell, the elytra, or wing covers, which are useless in flight but serve as a coat of armor covering the wings when they are not in use. The elytra are often decorative. The beetle’s membranous wings are usually at least twice as long as the animal’s body, but when not in use they are stored under the elytra, folded up like sheets put away in a drawer. In most kinds of beetles, the wing covers are usually spread passively to the sides during flight or simply folded over the back. In either case, an observer sees no color change. But I had seen a dramatic color change. Or was I seeing things?

I realized I had never seen any orange on the beetles flying near carcasses. I had seen yellow, which I had assumed was because the thorax of N. tomentosus is covered with yellow fuzz. Now I wondered if I had overlooked the orange and black because of the beetles’ fast, erratic flight. I looked again: yellow only. I decided the camera might see what I could not, so I took some wild shots of flying beetles. I managed to get several fuzzy pictures, which were enough to confirm my hunch: the backs of the beetles in flight were yellow!

I then examined both live and dead beetles, trying to flip their elytra to the sides, as they would be in flight, to expose the top of the abdomen, which I found was black. But as I tried to lift the elytra of both living and dead beetles, they spontaneously rotated, twisting up with the outer edges turning inward. Then, when I moved the elytra back, they locked into position to cover the abdomen so that the formerly outer surface was now inward. In other words, the elytra, unlike those in any other beetles, as far as we know, lock over the back with the dorsal side down and the previously hidden ventral side up. And this previously hidden ventral side of the wing covers is . . . lemon yellow! Thus the “secret” of the beetles’ color change is that this yellow underside is exposed when the beetle flies. In all other beetles in the world (to my knowledge), the upper elytral surfaces remain up during both rest and flight.

 This mechanism for an instant color change, although perhaps known, had not been described in the scientific literature. But what was its significance? What could it be for? The color-change mechanism was unique to this species, and because it hid the bright orange, it helped make N. tomentosus a convincing mimic of a bumblebee in flight, which suggested an interesting function.

Most of the forty-six or so species of North American bumblebees have black bodies marked with yellow pile. Seven of these species also have varying amounts of orange, but that color is always bordered by yellow and is never in sharp contrast to a black band, as in the burying beetles. When N. tomentosus are flying in late summer, there are usually numerous worker bees of up to seven black-and-yellow species (Bombus affinis, B. vagans, B. bimaculatus, B. sandersoni, B. impatiens, B. perplexus, and B. griseocollis) that have nearly identical color patterns and are difficult to differentiate. With its elytral flip, the airborne N. tomentosus becomes, in an instant, a credible mimic of any or all of these bumblebees. Few birds will tackle a bumblebee because of the risk of being stung in the mouth. Unlike most other sextons, N. tomentosus can thus fly in the daytime and search for carcasses that other sextons must hunt for in dusk or under cover of darkness.
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 Note: pictures not to scale (except top beetle vs. bee)

Two of the common species of burying beetles that use small animal carcasses, showing Nicrophorus tomentosus (left) and N. orbicollis (right) in flight and on the ground. In both species the wing covers (elytra) are twisted, unlike those in other beetles: the undersides of the wings become dorsal and hide the bright upper sides, so that the animal in flight mimics the common yellow bumblebees.
 

 


Most burying beetles can appear to mimic bumblebees simply because they are in the same size range and therefore hum like them in flight. But N. tomentosus has gone a giant step further by acquiring yellow fuzz on its thorax and by evolving yellow color on the underside of its wings (in museum specimens the colors fade). I examined the colors of the wing undersides in fresh specimens of the other three species that I captured at the rooster carcass. None of them were lemon yellow, although defodiens was orange-yellow; orbicollis and sayi were grayish or dirty white.

 This wing-cover flip mechanism probably also explains the anomaly of the mites I had seen on the back of the beetle the moment it landed. While the beetle was in flight, they had been attached not only on the thorax but also “under” the elytra, a logically safe spot to be, and had not yet changed position at the moment the beetle landed and reversed its wing covers to show once again the orange markings on black.
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Details of the wing-cover twist of an N. tomentosus before taking off in flight and on landing, and (center) one of several bumblebee species that occur concurrently with the beetles. The sequence shows the color change from orange and black (three lower beetles) to yellow (three top beetles) in flight
 

 



 THE IDEA OF watching burying beetles as an interesting activity was probably passed down to me by my father. And about twenty years ago I shared this interest with my older son, Stuart, then ten, who was staying with me at camp. I remembered his excitement, which I had written about in A Year in the Maine Woods. So I consulted that book (page 256) to find that we had put a dead deer mouse on some sawdust in back of the cabin “to see if a beetle would bury it.” When we checked an hour later, the mouse was gone, but Stuart found where it was buried and dug it up. I then put it at a new place, and this time Stuart sat down to watch. What he saw and said surprises me now. He saw one beetle alternately digging and staying stationary while elevating its abdomen (dispersing scent to attract a mate). Then, seeing another beetle fly in, he declared that “it sounded just like a bumblebee and I saw it with its wings still open just after it landed. It had gold fuzz on its back just like a bumblebee.” I now know that the “back” he refers to was the yellow of the overturned elytra covering the black abdomen. At the time I probably thought he was referring to the beetle’s head and thorax only. Seeing with a child’s eyes is seeing without preconceptions, and it is also, when associated with knowledge, the precondition for making discoveries. My discovery about the instant color change involving the rotation of the elytra was worthy of a report in a scientific journal, so I wrote up my findings and submitted the article to Northeastern Naturalist, where it was reviewed by scientific colleagues and accepted for publication.

 


BURYING BEETLES ARE still common, as anyone can discover by putting out fresh meat. You don’t have to go looking for them; they will come to you. Nicrophorids are for the most part not endangered. Nevertheless, Nicrophorus americanus, the largest beetle of the group, averaging about three centimeters long but sometimes reaching four, is on the list of endangered species in the United States. It has disappeared from 90 percent of its former home range, which included at least thirty-five states, and is now found in only five. Unlike all the other sextons, most of whom are half as long, N. americanus is splashed with bright orange-red on the head, thorax, and antennae. Not enough is known about its biology to explain why it is so large, has so much orange-red, and is endangered while most other species are not. Nicrophorids have some peculiar specialties of habitat and food. One species, N. vespilloides, buries its carcasses only in peat moss; another, as mentioned earlier, buries snake eggs rather than mice or other small carcasses. One hypothesis is that N. americanus specialized on passenger pigeons and that now there are not enough carcasses of similar size regularly available over most of its range. 


 SENDOFF FOR A DEER

It must be I want life to go on living.


—Robert Frost, “The Census-Taker”


 


I HAD BROUGHT ANOTHER ROAD-KILLED GRAY SQUIRREL with me to camp. The weather in Maine in mid-June 2011 was too cool for botflies to be active, so the squirrel carcass had no maggots. But it was not too cold to rot—I was pretty sure the squirrel smelled good and ripe. If it did, would a vulture find it? And what would it do with the smelly carcass? Would it swallow it whole, as a great horned owl probably would? To find out, I left the bloated squirrel in a clearing in the woods, then made myself comfortable on the couch next to the window in my cabin.

A raven flying over the forest saw the carcass first. It swerved to the clearing and then perched silently on the top of a pine tree. After surveying the area for a few minutes, it spread its wings and swooped down to the ground beside the squirrel, hopped up and down a few times, then pulled out the eyes and some fur. But it was unable to tear through the skin. Instead it entered the squirrel through the mouth and pulled out a little meat and the brains. Then it flew off. I ran outside, slit the carcass open, and again made myself comfortable on the couch, hoping to see the raven return.

 With the rotting entrails exposed, there would be a strong odor plume. Sure enough, less than an hour later I saw a shadow pass over the ground; a large bird was flying overhead and circling the clearing—a turkey vulture. A minute later it swooped directly over the carcass and, after circling for another minute, landed on the lone apple tree next to the squirrel. There it constantly turned its head, seeming to look in all directions except at the squirrel. After a while it preened, then spread its wings out to the sun, held them stationary, and nonchalantly preened some more.

Watching the vulture through binoculars from inside the cabin, I thought it looked gorgeous. Not a speck of dirt was visible on it anywhere. Its long, ivory-colored bill glistened. The vulture was showing its heightened emotion by blushing; its naked head had turned cherry red from the blood shunted there. Its upper neck, though speckled with a few sparse black feathers, was soon bright purple. Below the almost-bare neck skin shone a thick, shiny, black-blue ruff, contrasting with the dull brown wing feathers.

After sixteen minutes of perching on the apple tree, the vulture started to shift its attention from the surroundings overtly to the squirrel. Hopping closer from branch to branch, the vulture finally dropped down to the ground next to the squirrel. It stood stock-still for several minutes before starting to take delicate, skimpy bites. It pulled on entrails and flung them to the side, then resumed tearing and taking tiny bits of meat. After thirty-four minutes it flew off, leaving the intestines and the almost-clean bones and skin. I left them, wondering if something else might come along to take these leavings.

I woke at sunup the next morning to the sound of a crow, and as I looked up from my bed by a window I saw it perched on the tiptop of a tall spruce near the apple tree. The spruce was swaying in the breeze, and at times the twig on which the crow was standing bent over from the bird’s weight. But the crow kept its balance, cawing at the same time, for at least ten minutes. It was facing the squirrel remains, less than a hundred meters away, and I expected it to fly down at any minute. But it just kept up a vigorous cawing.

 After a while a second crow chimed in from the valley below; when it arrived, the two flew to the apple tree where the vulture had perched the day before. Finally one of the pair flew down to the squirrel, landed near it, looked at it for about a minute, then flew back up into the apple tree. Both crows stayed in the nearby trees for a few more minutes and then, just as the sun was coming up, they flew off down the valley in silence.

An hour later a raven came flying in, and without a moment’s hesitation fluttered directly down to the squirrel carcass. It picked up the remains in its bill and flew off into the dense lower branches of the spruce. The raven was almost hidden there, but I saw it begin to pluck out fur. It quickly stopped and left the skin on a branch. That afternoon it returned, flying directly to where it had left the squirrel skin. There could not have been much left; when the raven flew off I found the skin, turned inside out (so the fur was inside), on the ground. A day later that too was gone. A larger carcass, I hoped, might bring even more of a crowd.

July of 2010 was hot and muggy in Maine. On the ninth, my friend Wallis, a builder in the village of Weld, near where I stay, and I were sweating as we put up the framework of a sauna. The heat, though oppressive for us, was ideal for deer flies. Ten to twenty were circling us at any given time, each one looking for an opening to press its attack—to make a cut in the skin to lap up fresh blood. I do not appreciate those who feed from me before I am dead, and every one of these flies intend to do just that. They scope you out by noisily zooming around you and then, in an unguarded moment, they land on any available bare spot of skin. A single deer fly doesn’t bother me, because I have learned their tactics and I know how to kill them. But with twenty at a time the odds are stacked in their favor.

 These flies don’t bother just humans; they also drive the moose and deer in the woods to distraction. Moose may escape by submerging in pond water. Deer, which don’t browse on pond weed, have only the option of running and leaping. Apparently they don’t always look before they leap. That day, while Wallis and I were driving between Dixfield and Weld to get the cedar planking, we found a dead doe that had gotten smacked, and not too recently; it already smelled pretty ripe. I can’t imagine driving along, hitting a deer, and then leaving it by or on the road. And no one else had stopped either.

I did stop, as I often do, and I was sorry to find that the doe’s teats showed she had been lactating; somewhere nearby in the woods one or maybe two fawns would be waiting for milk and soon starving to death. It seemed a shame to let the deer carcass go to waste. With Wallis pushing and me pulling on a hind leg from the back of his pickup truck, we got her aboard and drove off. I wasn’t yet sure what to do with her, but I hoped that coyotes, bear, ravens, or vultures might find her in the clearing by my cabin. They would then feed their young and convert her into other lives, and in the short term they wouldn’t have to catch and kill something else.

I dropped the doe off among the goldenrod and meadowsweet bushes in my clearing. With my sharp hunting knife I opened her belly to spill the entrails, laying the scapula and right front leg over to the side. I also sliced the skin to expose the meat of a hind leg. Then, taking a break from building the sauna, I took up my post on the couch by the cabin window to see what would happen.

Two hours later the first turkey vulture came soaring in and started circling over the doe. A couple of times before I had seen swarms of vultures hunkering in the trees near a deer alongside the highway, perhaps waiting for traffic to stop. But my pair of ravens nest in the nearby pines, and they now had large, hungry young. This is going to be good, I thought. Here in the field, this could be a circus.

 The previous fall my nephew Charlie, who lives in suburban Pennsburg, Pennsylvania, had claimed a road-killed deer in front of his house. He told me that “within an hour” after he gutted it there in his front yard, several turkey vultures arrived, and then more than a dozen gathered at the very fresh meat. They perched on the roof of his house for a short while and then, after apparently reaching some consensus, they descended together. By the next day not a scrap of meat was left. Only the stomach contents—partially digested corn the deer had harvested from neighboring fields—remained. I wondered how long it would take the vulture crew to arrive here at my deer, and if they would have to fight off the ravens or vice versa.

The vulture flew close over the carcass, rocking from side to side as these birds typically do. It then flew wider around the clearing and the nearby woods, as though checking everything out. But to my disappointment it apparently didn’t like what it saw, because it left without even landing.

From the work of the biologist Patricia Rabenold and from Charlie’s vulture experience, I knew that vultures have communal roosts, from which naive birds follow experienced ones to any communal feast. I expected a crowd of turkey vultures to arrive the next morning, so later in the afternoon I took the opportunity to do some errands. When I came back about two hours later, a vulture had arrived. It was perching on a tree at the edge of the clearing but flew off as soon as I came. It had not fed on the doe, though; nothing had been disturbed there.


 The deer carcass was by now being discovered by hundreds if not thousands of botflies. There are many botfly species (1,100 have been described), and most require microscopic examination to differentiate, because in many cases you have to count the number of bristles to distinguish them. The common green botfly, Lucilia sericata, has three bristles on the dorsal side of the mesothorax and six to eight bristles on its occiput (part of the head). Lucilia cuprina has only one occipital bristle. I didn’t count the botflies’ bristles. I was already sufficiently impressed by the sheer brilliance of the green flies and their obvious difference from the blue ones, of whom there were fewer but whose metallic coloring was just as spectacular.

The carcass covered by these brilliant flies stank. I knew that a raven, as well as two vultures, had seen the carcass, because it circled the clearing once and called several times before flying on. Ravens like their meat fresh or, if not freshly killed, at least frozen. By dusk there were still no birds at the carcass, but after I went to bed that night I heard a coyote concert from the forest up toward Gammon Ridge. From upstairs I watched the clearing as the Big Dipper slowly rotated to the horizon. I strained to see gray shadows creep in toward the doe. But I saw none and soon slept well.

No ravens, crows, vultures, or coyotes came to the doe. But there was plenty of activity the next morning. Ten of my students from the winter ecology course I had taught at this site the previous January had come in the night and set up two tents in the field. Today was a designated party time, so ravens, vultures, and coyotes would stay away. I didn’t mind—here was a chance to find out what would happen to the doe when the big guys didn’t get to eat. The strictness of the big birds’ exclusion was assured by noon, when a second party of revelers arrived, bringing two bottles of elderberry wine and another guitar.


 The gathering inside the camp that afternoon, and then outside around the campfire in the evening, was a fitting wake for a deer. Especially if she could appreciate the maudlin sounds of some ten voices chiming in and out to the accompaniment of two guitars, a banjo, and a mandolin. I might be envious, were it my turn to return to the cycle of life.

The next morning, while almost everyone was still zonked out, the doe carcass still lay untouched by birds or coyotes. At dawn a raven again flew by, but this time it remained silent. By noon the temperature had soared to the low 90s, and a lone vulture showed up, circled, and perched in a nearby tree. It didn’t fly down. Was something wrong? I checked the carcass. No meat had been torn off, but it was peppered with thousands of green botflies.

The doe reeked. I got whiffs of her even at the cabin. The chemical of putrefaction that is so offensive to us, ethanethiol (ethyl mercaptan), is, according to the Guinness Book of World Records, “the smelliest substance in existence.” For humans anyway. It is added in trace amounts to odorless propane so that we can detect it and not blow up our homes by lighting a match. Turkey vultures, supposedly attracted to even minute amounts of ethanethiol, have been used to detect the locations of leaking gas pipelines. However, the intensity of stink does not equal the degree of their attraction; turkey vultures come more readily to fresh or nearly fresh meat.

As I examined the doe on this second day, I saw that the botflies had won the competition for her. The flies reputedly can smell a carcass from ten miles away, and they had indeed come in swarms, undeterred by putrefaction. The exposed meat was baking black in the sun, and the fur was covered with white patches—masses upon masses of botfly eggs.

More than a half-century ago, the renowned ornithologist Roger Tory Peterson described a similar, though perhaps less satisfying, three days at a road-killed deer carcass that he had put out in New York State:

 


 I hauled [the deer] to an open slope, put up my burlap blind, camouflaged it with wild grape vines. For two days I stewed in my own sweat while the carcass, thirty feet away, ripened, and flies swarmed. The vultures, at a discreet distance, sat hunched in a tall dead hemlock like undertakers waiting to officiate at a burial. On the third day I dismantled my blind. Less than three hours later a friend chanced by; as he approached, a cloud of vultures flew up. All that remained of the deer were a few scattered bones.


 


Vultures are not easy to dupe, and I suspect I would have had even less luck attracting them by lying down and playing possum in the woods or meadow.

 


IN COMPARISON TO the body of a mouse or a bird, that of a deer can provide an advantage to scavengers such as maggots; they thrive on the soupy byproduct of bacteria, which multiply faster in warmer temperatures, and a large body that is warm at death stays warm for a long time. In short, bacteria can get a head start. I found that out the hard way, from a lawyer and a pig.

A lawyer in Boston had called me to offer what I thought was an exorbitant amount of money to serve as an expert witness on a murder case. For quite a long time, I had been researching the energetics of insects, and I often relied on measuring the cooling rate of freshly dead bumblebees in order to calculate the energy that live ones have to expend to keep warm. A bee’s body temperature can drop precipitously in a minute or two, but for a pig-sized carcass, the passive cooling to air temperature, even at external temperatures near freezing, might take days, since most of the heat is deep inside the animal. In the murder case, knowing the victim’s body temperature when found, which was about 98 degrees F, and extrapolating back, one could determine the time of death fairly precisely. I agreed to serve as an expert witness and decided first to collect data on the cooling rate of a human-sized pig, which would serve as an appropriate stand-in for the actual victim.

 I found a pig of the right size and told the farmer I would buy it only if I could get it when freshly killed—still at the same body temperature as a human’s. The limp, warm pig was delivered by truck and placed on the thin layer of snow in back of our house in Vermont. I stuck a thermometer in it and proceeded to record data. After two days the pig had cooled sufficiently for me to learn what I needed to know for the trial. But I was not going to waste all that good pork.

I butchered the pig, and we cooked some of it, but it didn’t taste right—even though it was late winter and there were no flies in sight. My wife claimed that the off taste came from our chickens, which had walked with dirty feet over the pig while I was cutting it up. But I think the bad taste came as a result of bacteria growing in the long-retained body heat of this large animal, which because of the experiment had not been gutted.

To make an even longer story shorter, my ravens got to eat some hundred pounds of pork while we ate none, and although I explained my experiment to the attorney, I was not called to the witness stand (nor reimbursed for the pig or my time). That was some expensive pig. But it taught me the hard way that a large animal cools very slowly, and if you don’t want it to go to the bacteria (if not also the maggots), you have to eat it or gut it immediately, because the bacteria have the inside track on their inside start.

 


MY PIG STORY, especially the bacteria part, leads me to creatures one step up from bacteria on the carcass food chain. As I’ve mentioned, within a couple of days the deer was covered with a solid layer of writhing white maggots. Given sufficient warmth, a botfly’s single “clutch” of 150 to 200 eggs hatch in as little as eight hours, achieve their full growth in three days, and complete their life cycle in a week. With their phenomenally fast reproductive and developmental rates, these insects can quickly take command. The botflies, who had quickly discovered and tasted the carcass and found it good, had assured their colonization and dominance of it.

 The large numbers of maggots and their cumulative high metabolic rates would also have raised the temperature inside the carcass, speeding up their growth rate even beyond that predicted by high air temperature and slow passive cooling. Probably most of the botflies were the metallic green ones, Lucilia sericata, the preferred species for “maggot therapy.” Maggots have traditionally been used to help heal wounds by eating necrotic tissue, and they are especially effective against Gram-positive bacteria. I suspect L. sericata may have chemical secretions as an offensive weapon against their main competitors for the meat, namely, bacteria. Nevertheless, I am not aware of anyone extracting chemicals from maggots the way we have extracted penicillin from Penicillium molds.

Maggots may be repulsive, and the stench associated with them does not endear them to us. However, we can appreciate them. They are extensively used in forensics to determine the time of death because (depending on air and body temperature) they are the first insects to colonize a corpse.

Aside from the medicinal and forensic value of the larvae is the fact that the adults can arguably be described as living jewels. A green botfly’s exoskeleton is as shiny as a gem. I guarantee that if so inclined, I could sell them by the millions as ear pendants or in necklaces if they were embedded in clear plastic.


 A gem is shapeless, dead, inert matter, but each green botfly represents exquisite aeronautical engineering; it not only flies, it has a thousand behaviors, most of which we hardly know. Like beetles, flies have no direct attachments from their power-producing muscles to the wings. As the muscles contract for the wings’ downstroke, they compress the thorax and, through lever action, cause the opposite muscles—those that power the wing upstroke—to stretch. That stretching is what causes the muscles to contract and thus stretch the downstroke muscles. This process continues, back and forth, so that the thorax virtually vibrates like a motor and the wings beat at hundreds of times per second. In some insects, like midges, they beat more than a thousand times per second—rates impossible to achieve by direct nerve impulses alone. These flies are beautiful, inside and out.

Days after the party, more flies were still coming to the deer either despite or because of its increasing putrefaction. Flies smell (with their antennae) and can sense a carcass from about ten miles away. They walked all over the rotten meat, depositing ever more egg masses. Flies have taste receptors on the bottoms of their feet as well as on their “tongues.” As the late, great insect physiologist Vincent Dethier showed, they taste sugar, salt, sour—basically the same tastes we recognize. The flies on the deer carcass were finding and lapping up proteins, which they quickly converted to eggs—proteins are the sole food of their larvae.

When no more open meat was available, the flies had won and the birds and coyotes had lost, but then there arrived another crew of carcass specialists, namely, beetles. Nicrophorus beetles are presumed to be able to smell a dead mouse from a half-mile away. I suspected that this insect crew might already have been working underneath the carcass, since it is well known from forensic entomological studies using pig carcasses as surrogate human ones that different species feed at different times after death. To find out if my suspicion was correct, I had to turn the deer over. It was difficult to do without gagging. But it was worth it.

 The moment I lifted the deer carcass slightly, I saw dozens of long, black shiny beetles (Necrodes surinamensis), who have parallel ridges etched into their backs. There were also staphylinids: sleek, elongate, fast-running beetles that are commonly thought to be “short-winged” but that actually have very long wings neatly folded up like a parachute under their very short elytra. About 40,000 staphylinid species have been described worldwide, and possibly twice as many are as yet undescribed. They are mostly predacious, so it was no surprise to find them scavenging on meat. They are fast runners and good flyers, and when I lifted the carcass they scattered and buried themselves in the soil debris on the surrounding ground. There were several species. One was a shiny dark blue, and another had much yellow and brown. A third was grayish with what looked like a white stripe across the back. I noted two species of silphids, flat, broad beetles about the size of a thumbnail and mainly black. One species (Necrophila americana) had yellow on the thorax; the other (Oiceoptoma noveboracense), red.

I had expected to find many of the nicrophorid burying beetles that had so quickly visited the mouse and shrew carcasses I had set out, but after checking carefully, I found—to my very great surprise—not a one. It was hard for me to believe that they would not be attracted to deer meat. Perhaps none of the burying beetles were near that area at that time. But a road-killed chipmunk that I put out at the same time as the doe attracted two burying beetles in one afternoon. I suspect that the scent of either rot or the maggots had repelled them.

When I returned to inspect the remains of the doe two weeks later, on August 5, I found only a few tufts of hair and the stained depression where the carcass had lain. Next to that spot, though, were two clues. The trunk of the old yellow Delicious apple tree where the vultures (and crows) had landed had the freshly grooved claw marks of a bear, and several branches of this early-maturing apple were broken. A bear had come, eaten sweet fresh apples, and dragged off the remains of the doe.
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 Carcass-scavenging beetles found under a deer carcass. Top: two (of more than 46,000 species identified) rove or staphylinid beetles; bottom right: Necrodes surinamensis; bottom left, Oiceoptoma noveboracense and Necrophila americana.
 

 


THE FOLLOWING LATE April I found a dead bull moose about two kilometers from the site where I had left the doe. A bull moose probably weighs ten times as much as a white-tailed doe. This one looked emaciated; it had apparently died from complications of moose tick disease, a common cause of death in these woods when winter temperatures are not low enough and the snows do not last long enough to suppress these parasites. If wolves had been present, there would not necessarily have been many more moose deaths, but moose weakened by the tick disease would probably have died sooner, because they would have been the predators’ prime prey.

 I found the moose a day or two after it had dropped in thick forest next to a small brook. Coyote tracks surrounded it, and the coyotes had chewed through its thick hide to make a hole in the throat. A raven had already fed there, leaving white droppings on the hide. Other ravens came to feed as the coyotes enlarged the hole. Later at least a dozen turkey vultures monopolized the carcass, and then the maggots “cleaned up” after them. A couple of weeks later, a pair of ravens remained after the coyotes and vultures were done; they came daily to turn the leaves surrounding the carcass, presumably picking up maggots, fly pupae, or other insects.

When all that was left was a skeleton with dried hide covering part of it, a black bear came and dragged the remains a short way downhill. After two weeks, I found little more than a pile of hair where the animal had fallen and the vertebral column and skull some distance from that. A porcupine was eating the still-fresh bone, gnawing it off in patterns that looked like a magnification of the tooth marks mice might leave on cheese. No vultures remained despite a lingering smell. Why were the vultures no longer attracted? There was no more meat, but how would they know that without checking? Do the maggots emit a scent that repels even vultures, or are they repelled by the scent from bacterial decay?

 


IN THE RECYCLING world of nature, there is much redundancy and always backup. The recycling process may start with a car or ticks, then employ scavenging birds, move on to flies, then beetles, and finally bacteria or, in the case of our deer and moose, a bear. Had the bear not taken the deer carcass after the flies were through, it would have been visited by swarms of dermestid beetles. These beetles, of which there are 500 to 700 species worldwide, come to a carcass when the remains are dry and well past the decomposition stage. They eat the remaining wool, feathers, gristle, fur, and skin—everything except bare bone. For this reason they are often used to clean skeletons in museums. In a forest, rodents as well as deer would gnaw on them to get their needed calcium, and the bones become covered by leaves. In my forest I find deer skulls but seldom more; the skulls always last the longest. No animals larger than moose inhabit the Maine woods. Clearly, though, the local undertakers are up to the task of disposing of even a moose in relatively short order.

 But what is the undertaking process, I wondered, for something almost colossal in comparison, such as an elephant?
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