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  Sometimes a book, impatient to be written, shows up one day on your doorstep uninvited, just stopping by for old time’s sake. It greets you like a long-lost friend, makes cheerful small talk on the porch, slugs you in the shoulder and says you’re looking good, buddy boy, but will not go away. And at last, because you were brought up to be polite, you ask it inside, full of misgivings and doubts but also that distant sense of obligation you might feel for a person with whom you shared a brief, but intense, association—an old college roommate who flunked out and nearly took you with him, or someone you once did time with. You try to be pleasant, but you keep looking at the clock, until it becomes clear that your guest has no intention of leaving. It likes your house and means to stay. It takes to staying up till all hours, drinking your beer, and sleeping on the sofa; it borrows the car without permission and steals your spare change. By the time you consider phoning the police, it has been there so long you fear there might be legal repercussions.




  First and deepest thanks to my wife, Elizabeth Campbell, who willingly accommodated this visitor and humored its moods and, when the time came, quite materially assisted in its removal. Named or not, she is on every page.




  I am indebted as well to Tracy Daugherty for his careful reading of the manuscript and judicious suggestions. Thanks to a trio of Jims: to Jim Babb for sage advice and an even keel; to Jim Butler for helping me clear the decks; to Jim Schollmeyer for keeping my shoulder to the wheel, then periodically checking for broken bones. I am grateful, as always, to Nick Lyons for counsel, support, and a keen eye; to Steve Born, of the University of Wisconsin at Madison, for patiently fielding questions about the driftless area; to Trevor Walker, whose letters on spring-creek hydrology were both illuminating and elegant; to Robert Gorman for all manner of generosity; and to Brian Barker for the soundtrack.




  Thanks, finally, to Cletus, Paul, Edwina, Mick, and Rip, friends by any name.




  I had never known before how short life really was, and into how small a space the mind could put it.




  —Charles Dickens, Bleak House
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  Shortly before I turned twenty, I stumbled into one of those periodic, single-author reading jags that I suspect are familiar to almost anyone with an appetite for books. For reasons I can no longer reconstruct, the writer in this instance was Ernest Hemingway, and I began systematically making my way through the complete works at a time when reading Hemingway had not yet become an act of patriarchal hegemony, nor enjoying him a mark of political and literary Philistinism. Book binges of this sort invariably prove a mixed experience; some of the work appeals and much does not, a circumstance for which reader and writer usually bear about equal responsibility. As unsophisticated readers will, I liked best what I found most familiar, even though it should be the other way around, and so was predictably drawn to the passages and stories about trout fishing, which lay closer to home and heart than the battlefields of Europe and bullrings of Spain.




  I eventually found my way to the short story “Now I Lay Me,” in which the narrator, badly wounded, is lying in a hospital in Milan. At night, he does not allow himself to fall asleep, certain that if he closes his eyes and lets go of consciousness, his soul will leave his body. To remain awake and stave off death, or at least the fear of it, he thinks back to a trout river in his boyhood and begins fishing it in his mind, deliberately and meticulously recalling each particular pool and bend, every log in the water, each shallow and riffle, until he has walked the entire stream. When he finishes, he begins again, fishing the water over and over, holding on to life (or so it seems to him) by an act of imagination, by summoning into being the presence of something that has mattered.




  It is, in part, a story about the nature of memory, about the sustaining power of the stories we create from it and tell to ourselves, and it left me utterly astonished. For I had, over the previous few years, been doing exactly the same thing as Hemingway’s narrator and for reasons that seemed at the time at least distantly similar. Though I’d so far avoided confinement in an Italian military hospital, I was a fairly typical American teenager—that is, a temporary sociopath, prey to the familiar bouts of troubled uncertainty, shapeless dread, objectless longing, and free-floating despair that afflict the no longer adolescent but not yet adult. And in my case, all of it was undoubtedly made worse by a certain sympathy for that brand of romantic self-dramatization that is eternally fashionable among the young. When the dark times descended, I would close my eyes and fish in my mind, over and over again, a particular spring creek in the southwestern corner of Wisconsin.




  That trout stream was to me at the time one of the loveliest places on earth, a small creek that threaded its way down a secluded little valley. In my imagination, I walked and waded its various sections, in no order other than the sequence in which I had come to know them. But in the end I covered the entire length, from the lowest reaches, where the water was too warm for anything but the rumors of enormous brown trout with a taste for field mice and ducklings, to the upper end, where the creek first became too small to fish, then a trickle too small for trout. The distance, at best, was perhaps a mile and a half. I could bring to mind each meandering curve where the current ran cool and dark inside a shaded bend, every short shallow run over broken limestone rubble, each place where the stream broadened and pooled. I knew all the runs with steep earthen banks overgrown in the succulent stems of jewelweed, with their midsummer profusion of orchidlike blooms that glowed the color of candle flame. Here, on a warm afternoon, you could watch the ruby-throated hummingbirds come and go, not so much flying as suddenly dissolving and rematerializing somewhere else in a staccato so rapid that the sound of thrumming wings was the only assurance that you’d seen something at all. Wild mint grew in patches along the bank, a deep-green leaf with a deep-green smell, a spiciness that could not possibly be animal or mineral in origin. Where the creek wound through a pasture, half a dozen dairy cows cropped the grass as close as a golf green, and in the heat of the day, they would lounge in the shade of an oak grove, their enormous, taut udders resting on the ground. Under these same trees, out of the sun, tangles of bittersweet nightshade thrived all season long in the damp margin of the stream, some of the vinelike stems ripe with scarlet berries, others just blooming, rich purple petals with stamens the color of egg yolk. In the still backwaters, aquatic sank roots in the silty streambed, growing gradually upward into a dense tangle of vegetation on the surface, and finally sending up short straight stems above the water, each topped with a single white flower like a strawberry blossom. Here and there, a spring bubbled almost imperceptibly at the water’s edge, visible first as a saucer of fine, pale gravel, then as a small upwelling in which grains of sand continually rose and fell on tiny pillows of water. Groundwater seeped into meadow swales and trickled to the creek in courses marked by lush bands of watercress. I even went Hemingway one better: for some years, I could call to mind nearly every trout I’d ever caught in the stream, admittedly a number small enough to place little strain on the memory. If I didn’t know this spring creek inch by inch, I was certain I knew it foot by foot, and even now, almost thirty-five years since the first time I fished it and nearly ten since the last, the place still lives in my mind with a photographic vividness.




  At night, in the space behind my eyelids, I fished that spring creek hundreds of times—far more than I ever fished the real thing—and in the turmoils, both real and self-inflicted, of life at the threshold of adulthood, I found a kind of calm restored by these meticulous and crisply detailed evocations. They went beyond the escapist fantasy of simple daydreaming, however—an indulgence I knew well enough to tell the difference—and beyond the refuge of a pleasant reverie or the consoling recollections of untroubled days. Summoning those images to mind, in fact, felt less like going back and recalling the past than it did transporting those images into the present and reconstructing the place, detail by detail, to make it real then and there. It possessed the texture of actual perception, the immediacy of lived experience, and differed from mere reverie in the way that déjà vu differs from memory. I didn’t set about to remember a particular morning or afternoon spent on that stream, or to envision the next trip and plan how and where I would fish; I was trying to bring the place itself into being. And while it possessed a certain meditative character, it wasn’t meditation, which, at least from what I have read about it, strives first for an emptying of consciousness; I was trying to fill mine up with images of sufficient volume to displace whatever was troubling me.




  Just why this place should have had so powerful an effect upon me and impress itself so durably on a brain with proven resistance to more pressing information—irregular German verbs and the equations of modern physics—was a question I would not get around to addressing for quite a while, long after I’d left the Midwest for good. To put a name to the things that haunt us is a ticklish business, often best undertaken from a distance. At the time, I felt only some unspecifiable rapport with a sliver of landscape that, by the ordinary measures of extraordinary places, was most unremarkable. It lacked the drama of sublime geographies, their sweep and vastness, their capacity to overwhelm. It was neither distant nor exotic, had no grizzly bears or waterfalls, snowy peaks or parrots. It hadn’t remotely resembled wilderness for better than two centuries. Rounding the blacktop curves that descend the hillside, you might be drawn to look for a moment as the valley and creek and bottomland opened into view, would probably think it rather pretty, then go back to fiddling with the radio.




  But to my eyes, it was completely captivating, although its beauties were of a quiet sort, its charms modest and proportioned to the pace of a slow walk or, better yet, of sitting still. It was not a landscape that you hiked up, or climbed down into, or stood looking out upon; it was one that you slipped inside of. The nuances of color and contour, the slope of dark hills and curve of bright water, the drape of trees and grasses, meadows laced with birdsong and wingbeats, the air electric with the hum and rattle of insects, the humid smell of decay and growth, the texture of exuberant fertility—all of these made it a profoundly wonderful place. That trout lived there made it perfect. I was drawn to the countless particulars of the landscape, the hints of its hidden life and, as I came to realize later, drawn to something else as well, a quality that inhered in its details, was in fact created by them, but that also subsumed them—something I can describe no more precisely than as the scale on which the place made itself felt.




  Neither long nor wide to begin with, the stream and the valley that cradled it were made smaller still by the fact that I first ventured there as a fisherman and so approached it in a fisherman’s way, not with an eye toward the whole at once but to one promising spot at a time. An angler learns the water piecemeal, beginning in each new spot by shrinking even the largest river to the compass of a cast, measuring out the boundaries of a space that, for a time, exists to the exclusion of all others. What lies inside so fully captures your attention and engages the senses that whatever takes place outside those borders is beyond awareness. This contraction of the world, concentrating it to a local and immediately present space, sometimes furthers the catching of fish, but beyond that it is, simply in and of itself, one of the best parts of fishing.




  A good fisherman can create such spaces anywhere, but in certain fortunate places the landscape defines its own enclosures, draws natural boundaries in near perfect accord with your own inclinations. My spring creek, a continuous meander worn deeply into the soft valley soil, a succession of arcs and oxbows and contours etched by the current, a figure of sheer curvature, sculpts an extraordinary variety of these small spaces. If you stand at the water’s edge, steep banks topped with tall grasses or trees rise higher than your head, like miniature canyons; a short way upstream, the water curls around a bend and into view, flows briefly past you, then turns another bend just downstream and disappears. Each arc in the stream becomes a world complete, a parenthetical space that gives you the distinct feeling of being inside something.




  In a few short seasons of fishing there, I came to know each spot on the stream as a discrete and separate place, becoming familiar with the minute topographies of its streambed and current, the names of the plants along the bank, the creatures attracted to leaves, berries, and seed pods. Some spots fished better than others, as is always the case, but I had no real favorites. Each was a lovely composition of artful accident, intricate and precise as a miniature painting. To learn them brought a wonderful kind of knowledge, but it was the scale of these small worlds, so closely proportioned to the reach of human senses, so effortlessly inhabiting the imagination, that made them knowable at all. Later, I came to see that this sense of scale, and what it made possible, was the taproot of my attachment to the place.
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  Though I rarely venture into French philosophy, and never without rubber boots and a cattle prod, Gaston Bachelard does have much to say about this predilection for the small scale, which he calls “the love of miniature.” He attributes to this affinity a kind of rejuvenating power; to become absorbed in the small scale invests the world with the freshness of hidden things. I find it interesting, perhaps inevitable, that Bachelard should have begun his distinguished career as a philosopher of science. He possesses a scientist’s eye, alert to intricacies, attuned to detail, and he explains the love of miniature not only as it appears in literature and the visual arts but in botany as well. The botanist with a hand lens, he says, studies the tiny structures of a flower and delights not only in their detail but in their scale, in the world they create and its proportion to what lies beyond the blossom. Such an observer continually encounters the fresh and undiscovered, and in perceiving them he recovers “the enlarging gaze of a child.” His vision is “youth recaptured.”




  To call this kind of vision “youthful,” I think, goes beyond a simple metaphor describing the innocent, impressionable eye confronting novelty. For the love of miniature seems a nearly universal feature of childhood. Children seek out worlds that are commensurate with their own somewhat miniature selves. Though I am not a parent, a fact for which the world has yet to show proper gratitude, I’ve watched other people’s children explore an unfamiliar room and invariably gravitate with a perfect and automatic accuracy to whatever is small, readily graspable, and usually breakable, drawn less by the specific object than the magnificent temptation of its size. This same impulse shows itself in the love of dolls; of diminutive tea sets; of toys with small, easily swallowed parts; of tiny boxes with fitted lids that house tinier treasures still. It is in a child’s love of secrets, that admission into a small world of knowing. It is the allure of the treehouse, of the damp dirt-floored space beneath a porch, of a cardboard box big enough to crawl into and pretend is something else. It is the delight in pretending itself, for pretending is a form of storytelling, and a story is but another kind of miniature. And what is not already small is made so as children set up little households and schoolrooms modeled after those of the adult world. Then, of course, within the boundaries of these scaled-down replicas, they proceed without pause to wield power over one another—a less flattering imitation of adulthood but also a way of addressing the basic human need for making one’s existence felt, for somehow registering on the seismic instruments of life. It may well be one reason that children construct such worlds in the first place.




  Most often, I think, the love of miniature fades with age. Children literally grow out of it; they successively appropriate worlds of larger dimension and scope as they become older, shedding the confinements of a too small life like the molt of an ill-fitting skin. But for some, the imaginative appeal of the small scale never loses its power. It is not a stage you go through, some temporary fact of psychological life; rather, like left-handedness or perfect pitch, it is a part of your makeup hard-wired from birth that will find a way to express itself with or without you. To such temperaments, the world engages most fully through the local and particular, and the lightest weights leave the deepest imprints. The anatomy of a single feather is more fascinating than the bird, and a bird a greater marvel than the flock. Small architectures—a honeycomb or caddisfly case, a milkweed pod or the web of an orb weaver, the fingerprint of a shell fossilized in limestone—are worth all the cathedrals of France. Like any angler, I hope to catch large trout, but I would much rather look at a small one; its coloration and markings are more precisely defined, deeper and purer. This is not an illusion. The color of a trout is carried less in its skin than its scales; a smaller fish has smaller scales, tinier pixels with richer definition and a higher resolution. There is a certain kind of perfection in the miniature, and behind it lies the pleasure of simply seeing close up, of experiencing the kind of proximity that the small scale not only requires but makes possible at all.




  Out of this experience of proximity, of seeing and being close up, grows the love of small-scale spaces, those temporary dwelling places lit with immediacy and vividness. The oxbow pool of spring creek screened by tall grass, the yellow globe of low light in a darkened room or the halo of a campfire in the night, the cast of black shade beneath a white oak, the hull of a canoe on a lake or driftboat on a river, the circle of a lover’s arms, a one-room cabin in Maine, a ring of chairs on a wooden porch up in the Montana benchlands—these to me are the small, near spaces into which, for a brief time, an immensity of living is somehow compressed. And not all such spaces are physical ones. Some take shape in the imagination, created by the elegant enclosure of a lyric poem, or the fragile lines of a sumi painting, or the sweaty interiority of the bluesman’s voice, or the diameter of community. And still other places are empty ones—a void opened by words spoken or the hollow worn by words unsaid, a hole in the heart left by one now gone, a vacancy of grief that rises from the pit of you and presses the air from your lungs. For not all small spaces are happy ones. They are just keenly felt because in the end you have no choice.




  In the years before we were married, my wife, who is more closely attentive to the small scale than anyone I’ve known, showed me another of its dimensions and taught me to appreciate enclosures in time, an awareness that she described as a “sense of occasion.” It has nothing to do with celebrating the familiar milestones of life, the birthdays or anniversaries or holidays, nothing so noteworthy as to invite public acknowledgment. Rather, it is the ritual recognition of certain small moments, stillnesses in the current of living where significance settles—some little victory won from the world, a hard time weathered, the first grosbeak of spring or the last slant of autumn sun, a safe return. Such moments are ceremonially observed by deliberately inhabiting them, marking the passing of time by suspending it for a while.




  This affinity for the small scale may, as Bachelard observes, involve its childlike perspective, but it is not always child’s play as you come to understand that it lies much closer to the heart. Though the experience of the small scale is at first an act of discovery, in time it becomes an act of creation as you recognize that the sense of scale resides in boundaries and in how close together they are, and that boundaries can be deliberately drawn. The scale becomes small because we choose to frame it that way, marking the imaginary lines that define the outermost limits of our regard, and laying a kind of claim to what lies inside. This drawing of borders is a way of domesticating spaces and times, of making them knowable by making them proximate. It is, in short, a way of establishing, or at least searching for, a kind of intimacy with and within them.




  Looking back now, I believe that what appealed to me so powerfully in the small spring creek and the landscape it had formed was the possibility they held out for a sort of intimacy, though at the time I wouldn’t—couldn’t—have described it to myself like this. Back then, it was just the one place above all others that I dearly and somewhat inexplicably loved to be, even when I wasn’t fishing—a circumstance, I concede, that was rare. And while it may seem odd, I think too that the sense of intimate scale first drew me to fly fishing at about this same time; that the few trout I caught on flies were also small in scale didn’t trouble me in the least. Even from the outset, I understood that fly fishing was a matter of borders, of self-imposed limitation, of bargains struck with no one but yourself to establish the terms on which you meet a river. Boundaries, of course, lie wherever you draw them, and there is no end to the disputes. The dry-fly purist looks at the split-shot artist and sees a knave, who stares back at him and beholds a fool. But we fix the matter in a way that pleases us most, and from there on out follow the logic of its demands. If you wish to catch trout by imitating the appearance and behavior of small lives—the fundamental enterprise of fly fishing—you must think in proportion to the place.




  To fashion borders like this, to enclose within the brackets of consciousness certain spaces, or times, or even the behavior on a trout stream that is called “fly fishing” is, I think, what makes intimacy possible. And though boundaries necessarily exclude, this exclusion brings with it a clarifying power. What lies within the borders is enlarged because the whole sense of proportion changes. As you adjust to a scaled-down world, undifferentiated impressions separate into distinct details; small things seem larger; what at first passed without notice becomes perceptible. Sounds are amplified, the eyes see more acutely, the imagination leaps with greater ease because the distances are shorter. There is a magnifying power to localness that conducts us inward to the animate heart of things. Within the borders of a poem, one line emerges, and the line converges on a single word, electric with reverberations that course back through the poem like nerve endings. Deep inside a solo, Coltrane blows a long, reedy quaver that catches in your throat like a knucklebone, two centuries of pain, rage, and solace distilled to a single tone. Everything in a spring creek, the constancy of temperature and flow, the chemistry of the water, the meandering shape, the streambed geology, terrestrial and aquatic plants, zooplankton, insects, crustaceans, predators and prey—all condense to one trout holding in a shady bend.




  This is not mysticism. It is the nature of our faculties to wander, to rove and search, to sniff and sample the world. And within the borders of the small scale, this restlessness turns inward, trading wider range for greater discrimination and a higher resolving power. The closer you look, the more you see, and seeing more draws you in to look closer still, to uncover not only hidden anatomies but the lines of force that hold them together in the small ecologies of a poem or piece of music, a circle of friends or a moment of time, a bend in a trout stream. Intricacies converge to reveal simplicity, which in turn unfolds into new intricacy; complexities coalesce into unities that give birth to new complexity, in a continual, spiraling, inward alternation that is the pulse of science and art alike. The concentrations of the small scale amplify our own concentration, and awareness itself, Bachelard says, becomes a magnifying glass that enlarges whatever it dwells upon.




  This is the secret, paradoxical thrill of the small scale—that the more time you spend there, the less small it becomes. Its limits are a kind of liberation; worlds unfold and expand, and the distances between them are easily bridged by the imagination. In the end, we can shrink to enlarge—our perceptions, our understanding, our sympathies—and the love of the small scale, though it always remains particular, ceases to be specific. Because I cherish one spring creek that I know intimately, I value dozens of streams that I have never seen or fished; I’ve written words and checks on their behalf all in the belief that the love of place reaches beyond the place itself. To see beauty or repose in the curve of a creek, discover wisdom in a handful of words, or trace grief on a single face makes us receptive to these things in other places and other times. And this belief, that the significance of the local transcends locality, is what redeems the love of the small scale from mere provincialism and egocentricity.




  All that lies behind this redemption is the simple trust that boundaries can be mindfully drawn, that our actions within them are consequential, that what they surround has value, and that their loss would impoverish life. But this is just a belief and like all beliefs may be only a self-deception, a story we invent for ourselves. It is entirely possible that deliberate reductions in scale are only a form of surrender, that all thrills are small because the world holds no large ones. It is possible, too, that the borders we draw enclose only ourselves, a form of self-protection, a mark of spiritual timidity. Or worse, the small scale may enclose nothing significant at all, and our actions within it have no consequence. Certainly we have decimated hundreds of small worlds without apparent repercussion to ourselves. The eastern mountain lion, the white pine forests of the upper Midwest, the plains bison, the Redfish Lake sockeye, the Modocs—all are gone, or effectively so. The ground-zero deserts of the Southwest have been contaminated beyond imagination, Prince William Sound sacrificed as unavoidable collateral damage, the sacred space of the Black Hills chiseled to chauvinistic tourist graffiti. And yet we have not merely survived but flourished. Although the world appears a diminished place, it is by no means clear, at least yet, that the loss we sense goes any meaningful distance beyond the sentimental.




  Perhaps all we can urge in the face of loss is a potentially groundless conviction that the small scale is consequential, a belief that things somehow matter—that, and the stories we create about those things, the way we fish them in our minds. Held up against an abundant evidence to the contrary, these can seem at times thin and intermittent consolations. Yet certain small pieces of the world do penetrate the heart, sometimes filling it and sometimes drawing blood, but a sign of life in either case. And if, in the end, all that can be said is that you feel them to be true, that is enough, at least in my book.




  1




  Springs Eternal
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  From a perennial spring that runs away and is unclouded pour three measures of water, and the fourth of wine.




  —Hesiod, Works and Days




  If you add it all up—the oceans, lakes, ponds, rivers, and creeks—the world contains about 318 million cubic miles of liquid water. Another 10 million cubic miles are locked in ice caps, trapped in aquifers and soil moisture, and drifting as vapor in the atmosphere. Of the liquid surface water, only about .0001 percent—one-millionth of it—flows in stream channels at any given time. From here, calculating the amount of moving water that furnishes habitat for trout is a dicey business at best. Gary Borger has estimated that less than one-millionth of 1 percent of the world’s river water flows in trout streams. Under no authority greater than my willingness to hazard a guess, I would venture that perhaps no more than one-thousandth of this trout water exists in spring creeks. I could be off by several orders of magnitude here, but it would scarcely matter. Randomly dip a cup of water from anywhere on the surface of the earth, and the chances that it comes from a spring creek containing trout are inconceivably remote. A mathematician, in fact, would simply characterize it as a “non-zero probability”—an expression denoting a likelihood so tiny that you wouldn’t even call it possible, like flipping a coin that lands on its edge. The most you might say is that it is not, theoretically speaking, a strict and literal impossibility. For all practical purposes, there is no such thing. It shouldn’t exist, but that it does makes a spring-creek trout stream the rarest and smallest of small thrills.




  Every point of view eventually generates its own vocabulary, and “spring creek” is a fisherman’s word. You can search hydrology books and scarcely find it mentioned, and never with any technical rigor. In the larger view, the term vastly oversimplifies the complicated fact of moving water by confining it to a point of origin, which, even then, is not strictly accurate. But fishermen attend to a more local scale and aren’t bothered much by this imprecision. We know what we mean, more or less, and in an angler’s classification of moving water, the first and most significant division is drawn not between large streams and small ones, or eastern and western waters, but between freestone rivers and spring creeks. Like all amateur taxonomies, this one won’t stand up to much formal scrutiny, but there is a rough logic to it.




  Rivers are, among many other things, an interface between two great natural cycles. The hydrologic cycle is the more visible and familiar one. Water falls to earth as rain or snow. Some of this precipitation evaporates directly back into the atmosphere; some is taken up by plants and then exhaled as water vapor in the process of photosynthesis. But some water is captured by the uppermost layer of soil, where it is temporarily held in surface storage. It may return to stream channels as overland flow or filter farther downward into a layer of soil and rock called the “vadose,” wetting but not saturating this underground zone. Part of the water may leach out of this zone into streambeds, but some of it filters still farther down, finally stopping when it reaches a layer of impermeable rock. Water builds up on top of this barrier, occupying the tiny spaces between small particles of earth, or filling the voids in a porous rock like sandstone, or collecting in the cracks and fissures and seams of harder rock. With no place to go, additional moisture percolating downward fills all the available space, creating a “saturated zone”; the water held there is true groundwater, and its uppermost surface defines the water table. It may be stored in an aquifer like this for millennia, or it may find its way to the surface in seeps or springs or upwellings, adding its volume to a stream, and eventually flowing to the ocean. Water evaporates from the surface of the ocean to fall as rain or snow in some other time and place. The engine driving this cycle is the sun, through heat that evaporates water and energy for plant growth.




  Although we think of a river as primarily water, the geologic material of the bed is just as much a part of it, and perhaps more. The rock endures, at least for a time, but the water is simply passing through. As hydrologists speak of the water cycle, geologists speak of the rock cycle, a mechanism that is less familiar and conspicuous because it occurs more slowly and often out of sight. The crust of the earth does not form a rigid, seamless shell; rather, it is fractured into ten or twelve platelike pieces that float on the mantle of the planet. They are in constant motion relative to one another, and this mobility ultimately accounts for the birth of mountains. When two plates collide at the edge, one of them may yield, rumpling upward into mountains like the hood of a car in a head-on wreck; the Himalayas were formed like this. When a tectonic plate on the sea floor runs up against the edge of a continent, mountains may be formed in a couple of ways. The heavier oceanic plate curls downward and slides beneath the lighter continental crust. It is not a smooth passing. Layers of sea floor are scraped off by the edge of the continent and pushed upward and inland; the Coast Ranges of the Pacific Northwest are of this type. The remaining layers of sea floor slip farther downward, where heat inside the earth, an interior sun that powers the cycle, liquefies the rock and periodically forces it back upward in the most dramatic enactment of the cycle—volcanic eruptions. The Cascade Mountains, a hundred miles east of the Pacific Coast, originated this way. Rain and snowmelt then erode the high ground. Rills and creeks carry away fine sediments; stronger currents bump and roll larger rocks over the riverbed, each click of stone on stone chipping off tiny particles, turning the mountains into pebbles and sand that wash downstream. Rock, like water, eventually makes its way back to the sea, the great reservoir of both cycles. Were the rock cycle to cease and mountain building come to an end, erosional forces would eventually smooth and flatten the earth’s crust. Without high ground, there could be no rivers, and most of the world would be awash in a shallow sea.




  Part rock and part water, rivers are an expression of both, a point of contact between two great revolving wheels that touch at the surface of the earth and briefly run downhill. And that hill is generally a steep one when fishermen speak of freestone streams. Waters of this type originate in high-gradient terrain, often land with enough pitch and elevation to bring the word “mountain” into at least local usage. The topography produces a tumbling, turbulent watercourse, a rocky channel with chutes and plunge pools, bouldered glides, angular rock-faced bends, cobblestone riffles, and quiet sandy backwaters. Because of the sharp rise of the surrounding land, such streams respond quickly to rain or melting snow that runs over or beneath the leaf litter and forest duff; in a heavy shower, water levels may rise dramatically in a few hours. In the absence of precipitation, freestone streams rely primarily on water that migrates downhill and laterally through the upper, unsaturated zones of soil. On well-drained, forested land—typical of mountains in trout country—this subsurface flow is the major pathway for water entering the stream. Since the geologic material is not tightly compacted, water moves through it with relative ease, and the mechanism of storage is somewhat temporary. While a drop of rain may take months or more to make its way from the soil surface to the stream, it still travels quickly compared to the much slower transmission of water through an aquifer.




  In the summer, when rain is intermittent, evaporation rates are high, and the consumption of water by plants reaches a seasonal maximum, this water supply is gradually depleted; stream recharge slows, and water levels drop. A mountain stream may be fed by true groundwater as well, but the rock from which mountains are built typically lacks the porous structure necessary for water storage and makes a poor aquifer, and the contribution to the stream from seeps and springs is ordinarily small. By late summer, stream flows reach their annual low; the water warms, and the amount of dissolved oxygen declines. As anglers know, by the time such a stream reaches the foot of the mountains, it may be unable to sustain trout year-round. But even under ordinary circumstances, a freestone river is a pretty hard world—with extreme and often rapid fluctuations in water level, with swings in temperature from near-freezing water in winter to the tepid flows of high summer, with scouring currents that flush rich organic material downstream and keep portions of the channel scrubbed to bare bedrock.




  What anglers call spring creeks answer to the same invariable dynamics of gravity and friction, pressure and resistance, but they present a markedly different character. Typically, spring creeks flow through low-gradient, though not necessarily low-altitude, terrain—among meadows or rolling hills, along valley floors, in high-desert rangeland, on volcanic plateaus, or over broad floodplains eroded by larger rivers that are not themselves spring creeks. Many of these landscapes are composed in part of fine erosional sediments, and the soils may be deeper, richer, and less rocky than those found in the mountains, though the greater variety of spring-creek watersheds makes any generalizations about them subject to exception. On flatter land, rain and snowmelt drain off more slowly, giving them greater opportunity to percolate down through layers of soil and replenish the groundwater. The gentler topography and the capacity of porous underlying rock to absorb water act as buffers against the heavy surface runoff that can raise a tiny mountain creek to a full torrent in remarkably short order. Even when a spring creek is bank-full from melting snow or prolonged rain, the low gradient of the land keeps the current speed low and minimizes scouring floods. As a result, rich organic matter provided by decaying vegetation remains in the stream and available as food for a variety of creatures; and aquatic plants, not a feature of most mountain waters, have a chance to take root. A spring creek, like a freestone river, does maintain its volume in part with water entering the channel in subsurface flow from shallow layers of soil. But to a far greater extent than in mountain streams, spring creeks are recharged by true groundwater.




  Springs, or at least some of them, occur at all because the water table is not flat. It follows, though very approximately, the contour of the surface land. It can be higher beneath a hill or rise, since water infiltrating through the soil makes its way rather slowly down to the saturated rock of an aquifer. The downward flow that would tend to flatten the water table is hindered, as the water must find its way through the tiny spaces between particles of soil, small crevices, or pores in the rock. Rainwater falling on a hill can “stack up,” producing a hump in the water table, though not as pronounced as the hill above it. The slope of the water table seldom exceeds 2 degrees, which doesn’t sound like much, but over distances it can add up and produce a significant differential in elevation. If the water table slopes gently downward from the crest of a hill and the hillside angles down more steeply, the two surfaces will meet, often at the very toe of the hill. Wherever the saturated underground rock is exposed, groundwater flows to the surface. In most instances, it seeps out inconspicuously, and it is not unusual around spring creeks to find small, perpetually marshy patches along the bank where groundwater leaches out and into the stream. Where the geologic material of the aquifer contains irregularities—fissures, faults, joints, seams—groundwater takes the path of least resistance and flows through these less-restricted avenues, sometimes in a volume great enough to produce the bubbling of a spring. For the most part these are small enough that the distinction between a seep and a spring is only a matter of terminology. But sometimes, sufficient water flows to make a spring quite visible, and occasionally, a stream may issue full-blown and all at once from a single spring of substantial size. These, however, are unusual, and most springs are apt to be far less dramatic—a little bubbling at the stream edge or a tiny roil in shallow water. And some groundwater enters a spring creek by filtering directly into the channel, much like a hole dug in the beach will fill with water that seeps almost imperceptibly through the sand. Wherever the bottom of the stream channel is lower than the surface of the water table, this kind of infiltration will occur. In some places, the flow of water up through the streambed may be strong enough to keep the stream gravels free of silt and aquatic vegetation, creating a reach of cool, upwelling water that makes ideal spawning habitat for trout.




  Groundwater must be replenished by rain and snow, but an aquifer is in a very real sense a reservoir, since water-saturated rock releases its contents gradually. The speed with which water moves through an aquifer varies with the kind of geologic material, though one hydrologist suggests that one hundred feet or so per year is a typical figure. This slow rate of travel smooths out local fluctuations in the water supply. The lag time tends to stabilize the release of water, metering it out at a fairly constant rate, and groundwater will continue to flow even during dry periods and replenish a spring creek in times when a freestone stream might be reduced to a series of lukewarm, stagnant pools. A water table that lies deeper than ten feet underground, as most do, is effectively insulated from seasonal variations of heat and cold at the surface, and the groundwater assumes the temperature of the surrounding rock. In the northern temperate zone, springs and seeps flow year-round at about fifty to fifty-five degrees and keep a stream cool during the summer and warm during the winter. And under the right geological conditions—ones in fact that are implicit in an angler’s definition of a spring creek—groundwater passing through an aquifer will dissolve minerals from the soil and rock along its path and transport them to the stream, where they replenish the chemical fertility necessary to aquatic life.




  Fishermen most often associate spring creeks with a limestone geology, and in fact one hears the term “lime-stoner” used locally to denote this type of stream. Limestone is formed of carbonate minerals, which dissolve in the presence of even weak acids, though solubility depends upon the particular form of limestone. Calcite, one common type, is highly soluble; dolomite, another widespread form, high in magnesium, is less so. As precipitation falls through the atmosphere, it picks up carbon dioxide, and by the time it reaches the ground, even “pure” rainwater is mildly acidic. Passing through an aquifer, this water reacts with the limestone, increases in pH, and transfers dissolved carbonates to the stream through a spring or seep. This chemical enrichment promotes the growth of aquatic life, from tiny organisms to crustaceans to plants, and gives spring creeks their phenomenal biological productivity. At the same time, a high pH causes toxic heavy metals to precipitate out as relatively harmless compounds and maintains a consistent, stable water chemistry. Limestone trout streams are scattered here and there across North America but approach something like real abundance in only two, fairly restricted geographic localities—southwest Wisconsin (and the bordering edges of Minnesota, Iowa, and Illinois) and south-central Pennsylvania—landscapes that, perhaps unsurprisingly, bear striking resemblance to one another. The Pennsylvania waters are certainly the better known and among the most celebrated in American angling. In part because these eastern waters were some of the first encountered by Europeans, and in part because of a certain geological similarity to the English chalkstreams—arguably the richest trout habitat to be found in moving water—limestone streams have become the archetypal form of spring creek in America.
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