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  Balsam fir on Cadillac Mountain.
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  The Forest Begins BALSAM FIR


  I wondered such trees could grow upon so hard foundations.


  —JOHN SMITH


  CADILLAC MOUNTAIN SUMMIT


  It’s four o’clock in the morning, cloudy, foggy. The robins have started singing, followed by white-throated sparrows. The slamming of car doors mixes with the clacking of hiking poles and footsteps on gravel. A baby cries; a dog barks.


  Other birds join the chorus: song sparrows and chipping sparrows, common yellowthroats, towhees and juncos, and a black-and-white warbler, sweet-sweet-sweet.


  The air grows quiet. A haze of pale pink seeps through the gray, brightening the upper branches of balsam fir trees clustered on the summit of Wapuwoc, White Mountain of the First Light, 1,527 feet above the sea.


  Looking down, trees spread in all directions. To the east is another mountain, a wall of yellow-green pitch pine, which flourished after a great fire in 1947. That same fire burned thousands of acres, marked by streaks of birch, aspen, and maple on northern slopes. To the west, more hills, where fir, spruce, and hemlock have filled in scars of older fires and clear-cuts. In between, the lowlands are interrupted by cedar swamps, black spruce bogs, beaver meadows, and pine-edged lakes.


  To the south, pitch pines mingle with jack pines, trees that have found refuge on the cool, windswept ridge of this highest mountain along the East Coast. Red spruce, the most common species of tree in Acadia, grows all the way down to the sea; white spruce lines the edges of the islands and peninsulas, from Isle au Haut to Schoodic Point.
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  Sunrise from Wapuwoc, White Mountain of the First Light.


  Across these lands now known as Acadia National Park, trees are the most common scenery, forests the most common ecosystem. Trees support a diversity of wildlife, protect lakes and streams, clean the air, and pull more carbon dioxide from the atmosphere than they put back. All forests, of course, have these functions. But Acadia’s forests are special for many reasons. Acadia lies within a transition zone between a temperate south and a boreal north. Warm-climate species overlap with cold-adapted trees. The range in elevations and proximity to the ocean create even more habitat. Protected for more than a century, the trees have aged in place, with a diversity of plants and animals that only live in older forests.


  Nowhere else on Earth has Acadia’s mix of forest types in such a small area.


  Visitors sense this. Even as they face the dawn, the edges of their views are softened by a multitude of textures. They hear layers of song from birds that nest in birch branches and spruce shadows, feel the wind blowing through pines, taste salt in the air, and breathe the healing fragrance of balsam fir.


  Balsam fir (Abies balsamea) is the most common tree across Maine—land that is and has always been the homeland of the Passamaquoddy, Maliseet, Penobscot, and Mi’kmaq, the Indigenous peoples of the region. Collectively identified as Wabanaki, the People of the Dawn, their ancestors lived, hunted, fished, gathered, worked, and played across Acadia and traveled the surrounding waters. Their ancestors knew and shaped these forests. Penobscot ancestors named the balsam fir pkwὰhαw. The Passamaquoddy word for balsam fir, stahqon, is also used to refer to any tree. Balsam fir, then, is the archetypical tree of the Dawnland.


  By 5 a.m., light falls more evenly across the scene, and the firs fade once again into the forest background.
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  Life in Acadia today, like all of Earth, represents individual and community adaptations to a climate that has been constantly changing before and since the most recent ice age. Humans, too, lived through that transition from glaciers to tundra to forest, referenced in Wabanaki oral narrative histories.


  But trees are much, much older than Homo sapiens, and trees have experienced much more drastic changes in climate. Some 400 million years ago, when Earth was much hotter, some plants developed woody stems so they could rise above the crowded, shady layer of ferns, horsetails, and giant club mosses to access more sunlight. Those first trees were the ancestor of all conifer trees. Later, around 140 million years ago, flowering plants emerged and gave rise to “broadleaf” trees. From era to era, generation to generation, trees responded to and influenced their environment, evolving through asteroid impacts, volcanic eruptions, fires, drought, and ice ages. The resulting expansive genetic memory, held within each seed, provides myriad options for adaptation and survival.


  Take those needles, which on the balsam fir are flat and fragrant. In late spring, the new young needles are a brighter, softer green, filled with fresh chlorophyll, ready to absorb sunlight and photosynthesize. In a series of chemical reactions in and around the plant cells, the stored solar energy breaks apart molecules of carbon dioxide, which the needles take in from the air, and water, drawn up from the roots, creating sugar. To turn the sugar into new needles, branches, and cones, the tree needs nutrients (nitrogen, phosphorus, potassium, iron, magnesium, manganese, calcium, etc.), which it gets from the soil.


  What is soil? Soil is the land, the surface of the earth, the accumulation of mineral and organic matter, with water and air spaces in between. Soil is alive with communities of bacteria, algae, fungi, and tiny animals, which together make available the phosphorus, nitrogen, iron, and other elements needed by trees. In part because they don’t have to produce a complete set of new leaves every spring, firs and other conifers need fewer nutrients and so can grow in thin soil, which pretty much describes most of the soil in Acadia. But still, their roots need something to grab hold of.
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  The rising sun illuminates balsam fir trees at the summit of Cadillac Mountain.
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  Soil formation in action.


  The summit firs are surrounded by bare granite, with clumps of low vegetation here and there and some more fir and spruce trees scattered about. The fact that soil can develop, that anything can root in such a windswept and rockbound environment, is somewhat miraculous.


  A textbook would describe soil formation on Acadia mountains as starting when rain, snow, sun, and wind weathered softer spots and seams in the bedrock, turning feldspar to a fine silt trapped by coarser grains of pink hornblende. The granite sand, rich in silica, aluminum, sodium, and potassium, swept by wind and washed by rain, collects in bedrock cracks and depressions.


  At some point, fungi and algae (in the form of lichens) and bacteria arrive, perhaps through spores and cells drifting on the wind or carried by birds. Both lichens and bacteria secrete acids that further dissolve minerals in the rock and chelating compounds that keep the minerals from washing away, enhancing their own growth while producing excess. As they grow, waste and dead material accumulates, perhaps enough to hold fog and rainwater so moss spores can germinate. The resulting rough surface of crust and leaf traps more moisture, supporting sprouting seeds of plants like three-toothed cinquefoil and sandwort, which spread across the rock, keeping more moisture and minerals on the mountain. More fungal spores drift in, or are transported by mice and squirrels, and enter and encase roots, sustaining plant growth and reproduction. “It is hard to overstate the importance of this symbiosis as the foundation for all terrestrial life on earth,” wrote the authors of the Peterson Field Guide to Mushrooms.


  Something like this process occurred beneath the Cadillac summit firs, but the details are still a bit murky. It is not clear whether lichen or moss or creeping plants arrive “first.” But come they did, and the trees followed.


  Behind the firs, the National Park Service (NPS) operates a weather monitoring station to measure rainfall, temperature, and wind. This and other data sources show that average annual air temperature in Acadia has warmed nearly four degrees Fahrenheit in the last 130 years, and the rate of warming is accelerating. Drought, too, has increased, with extended dry periods occurring despite an overall increase in precipitation. Warmer, drier conditions do not bode well for cold-climate trees like balsam fir.


  These forecasts further complicate the efforts by the NPS to restore vegetation on the summit of Cadillac Mountain, where the footsteps of millions of visitors have trampled roots and eroded soil.


  To understand and prepare for the future requires knowing something about the past. How and when did this forest come to be? Have these trees always been here? What changes have these firs already experienced? The answer is not out there, where the sun has finally risen above the clouds, but down on the ground and beneath the surface, where the latest chapter in the story of Acadia’s trees began on granite summits exposed by melting glaciers.
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  SARGENT MOUNTAIN POND


  How did the forest of Acadia begin? Twenty thousand years ago, ancestors of today’s trees grew at and beyond the edges of the ice, which extended as far as Long Island, New York. Trees survived where conditions allowed. Balsam fir and other boreal trees grew very close to the edge of the ice. Other trees persisted along the Atlantic coastline, in the Appalachian Mountains, or south and west toward the Gulf of Mexico, mixed with trees now considered temperate and tropical. As the climate warmed and the mile-thick sheet of ice melted, trees were able to spread, or “migrate,” to new habitat. And the mountain summits were the first solid ground exposed by the shrinking glaciers.


  West of Cadillac Mountain, on the second-highest peak in Acadia, what would become Sargent Mountain Pond was a rock bowl filled with water and silt. Pollen drifted in from nearby tundra, settled to the pond surface, then sank to the bottom. Later, cones and seeds from established plants washed in, and they too settled to the bottom. These plant remains preserved in layers of sediment recorded a history that twenty-first century scientists could interpret.


  In 2022 Cas Carroll, an undergraduate student at the University of Maine working with researchers Jacquelyn Gill and Caitlin McDonough MacKenzie, examined a sediment core from the bottom of Sargent Mountain Pond, counting bits of leaf, twig, cone, and seed in each layer. Since they are heavier and don’t travel as far, these “macrofossils” indicate what plants were growing in the area immediately around the pond.
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  Sargent Mountain Pond, estimated to be the first/oldest lake in the landscape that became Maine.


  The first, or oldest, plant they identified was a fern, dated at around 14,000 years ago. It’s quite fitting that a fern would be first. Ferns, among the most ancient of plants, facilitate forest development. Tough and drought-tolerant, ferns can sink rhizomes into raw earth inhospitable to most seed plants and quickly ramp up photosynthesis, beginning a process of re-greening. Each unfurled frond eventually dies, returning to the ground, holding in moisture where connected roots stabilize the ground, creating conditions for other plants to grow.


  The same winds and animals that transported tree pollen and seeds also carried spores and fragments of fungi. Soil developed around the pond, and in similar high-elevation hollows and saddles.


  The forest was yet to come. The weather stayed cold but not as dry. By 12,880 years ago, plant macrofossils indicate that in addition to ferns, there were alder shrubs and spruce and fir trees present around the pond.


  Like ferns, alder might have been particularly important. Alder roots form associations with bacteria that fix nitrogen, pulling it from the air and making it available for growth. Any nitric acid left over dissolves additional calcium and phosphorus from bedrock. Into this ferny, fertile setting spread seeds of fir, black spruce, and white spruce, cold-tolerant trees that had stayed close to the edge of the ice.


  Much of the highest elevations remained bare rock, however. The Penobscot word for what is now Cadillac Mountain, Wapuwoc—White Mountain of the First Light—suggests stone surfaces reflecting sunlight, as seen from the water or from a distance.
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  “The summit of most of [the mountains] is without trees, as there are only rocks on them. The woods are nothing but pines, firs, and birches. I named it Isle des Monts Desert,” wrote the French explorer and mapmaker Samuel de Champlain in 1604. From his ship, Champlain exchanged gifts and “good will” with the island’s Wabanaki residents, whose words for the place included Pemotonek (range of mountains) and Pesamkuk (sandy hunting and spearing place).


  According to his own notes, Champlain did not ask his greeters about the land or their name for it. He did not climb the monts desert and thus did not discover that the hills, while rocky and reflective of the dawn, had more than pines, firs, and birches. Streaked with mats of moss and tufts of grass and sedge, the mountains also hosted low-growing shrubs (juniper, alder, rhodora, shadbush, and mountain holly), as well as mountain ash and spruce.


  Despite the limitations of historical written accounts, maps, and illustrations, together they form a consensus that while lower elevations were streaked with pines, firs, and birches, the highest elevations remained bare bedrock but for hollows like Sargent Mountain Pond, where the first forests of the modern landscape developed.


  On a detailed map of Mount Desert Island from the 1790s, the name “Bauld,” or Bald Mountain, appears on the western ridge of Cadillac, presumably meant to apply to the entire mountain. As tools of colonization, maps were deliberately designed to emphasize emptiness. What is more important is what the cartographer left out: the many signs of Wabanaki civilization.


  Surveyors trained their focus on timber and minerals, tillable earth, and flowing water. They made easy allies with artists, whose sketches and illustrations provided evidence to support ideas that also awakened public imagination. In Franz Graeter’s 1836 colored plate of Granite Mountains, Mount Desert, the Bubbles, Penobscot, and Pemetic Mountains are dark-shaded hills.


  Thomas Cole, who visited the island in 1844, sketched suggestions of trees covering parts of the mountains, and his painting House, Mt. Desert Maine portrayed the hills as covered with dark forest, what he described as “woods of varied color.”


  Artist Frederic Church got more than a passing glance of Acadia, but he was preoccupied with geology and made fewer notes on trees. “There is an immense range of mountains running through the island . . . of admirably varied outline, in some places covered with forest, and broken with rocks and precipices overhanging gems of lakes, and in others showing nothing but bare rock from summit almost to base,” he wrote. On his sketch of Newport (Champlain) Mountain, he noted that “nearly all the trees are birches—white stemmed.” His depictions of nearby hills support this assessment. And yet one was named Green (Cadillac) Mountain by later visitors, suggesting a forest cover that may have contrasted with the neighboring peaks. Other paintings from mid-century repeat the portrayal of the monts desert as partially forested.


  By the time geologists with the federal government began detailed mapping a few decades later, the landscape had been transformed by agriculture, logging, and fire. Illustrators and photographers employed to assist with interpretation of topography and map symbols revealed most of the mountains as exposed bedrock. When surveyors returned for one of their regular checks of the Green (Cadillac) Mountain summit marker in 1902, they noted that the view was “unobstructed in all directions.”


  In 1907 William Alden of the US Geological Survey (USGS) photographed the Mount Desert Island landscape. Like others before him, he was focused on the evidence of glacial action. While his photos do show much sloping bedrock on the mountains, the black-and-white images also document patches and clumps of vegetation, dark and lush. Spruce and fir encircle Sargent Mountain Pond, which is visible from neighboring Penobscot Mountain. Cadillac Mountain was mostly open, but trees darkened the upper valleys and lower ridges.


  These summits were included in the lands donated to the American people as Sieur de Monts National Monument in 1916. Conservation ensured protection of the mountains, forests, and waters, but only inside the boundary of the monument, which became a national park in 1919. The surrounding area continued to be logged and cleared, activities that had altered the ages and types of trees that grew in Acadia and increased the frequency of fire. When ecologists Barrington Moore and Norman Taylor visited Cadillac Mountain as part of their study of Mount Desert Island vegetation in the 1920s, they found much of the mountain burned bare—except for a remnant balsam fir forest “in a little pocket” nearly at the summit. Then, as now, the firs held the first rays of the rising sun.
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  A spreading, layered fir on Sargent Mountain.
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  CADILLAC MOUNTAIN


  The sun has risen above the clouds. The dawn chorus dwindles to scattered snippets. A winter wren lets loose his rambling song from a scrubby fir, and the witchity-witchity-witchity call of common yellowthroat warblers echoes from patches of alders. As visitors roam across the bedrock of Cadillac Mountain, they do not seem to notice the clumps of low-growing plants beneath and between their feet.


  These are not typical plants but unique cohorts of subalpine species that have evolved to weather the variable and extreme climate conditions on the summit. The plants themselves are tough, but their situation is fragile, relying on a thin layer of organic matter between granite and air. Grasses, as well as ferns, sedges, mosses, and colorful lichens, grow in the more exposed spots. In between, three-toothed cinque-foil and mountain sandwort thread roots across the surface. Together, they form a stable turf so that flowering herbs such as goldenrod and aster and shrubs like green alder can establish. Pines, firs, and birches follow.


  Conifers are often most closely associated with mountain environments, where elevation and exposure create extremely harsh conditions. A windy and cloudy/foggy climate limits photosynthesis in winter, but also stays cool enough in summer for boreal plants to survive. Trees grow slowly in such conditions, often described as “extreme.”
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  The firs that are right at the summit of Cadillac exhibit the classic shape—the young, very short upper branches creating a tight and narrow spire. Other firs are stunted— the wind-pruned, dwarfed, and twisted trees known as krummholz. A stout fir has a wide, spreading skirt of layered branches; another drapes over a rock in a waterfall of sparse-needled limbs. Occasionally, when horizontal trunks touch the ground, branches can turn upward and take the lead while roots sink down, forming clumps or even new trees when connecting wood breaks or degrades.


  Most descriptions of balsam fir emphasize its shade tolerance and ability to grow beneath an established canopy, with horizontal branches and needles splayed like a candelabra to catch the most light possible. In the shade, firs grow slowly, and their bark becomes rough and scaly. Sun makes for faster growth. Stretched tight, the silvery green bark is smooth and dotted with blisters of aromatic, sticky sap (“Canada balsam”).


  Balsam fir is flexible and adaptable to the varied conditions of Acadia’s landscape. With spruce, fir grows in dense thickets in lowlands and ferny flats. It also grows in mossy swamps with northern white-cedar and tamarack and with birches of all types.


  Most balsam fir trees don’t survive beyond one hundred years. Shallow roots make them vulnerable to wind, especially trees already weakened by “heart rot” fungi or spruce budworm caterpillars, which despite their name are more likely to feed on firs. Budworm and fir evolved together, and producing abundant seedlings is one way balsam fir survives budworm population surges. This strategy may aid the fir as it reacts to a sap-sucking insect it did not evolve with, the balsam woolly adelgid. Trees have developed ways to ensure their own future, to be self-sustaining through attributes like seed production.


  Fir lives longer by being part of a community. As roots crisscross through the soil, they often graft to one another. The process of fusing roots uses energy, and growth of individual trees—measured by height and diameter—slows, but the trees don’t die. It may be that the grafted roots help the trees share resources or provide structure, helping to brace the firs against wind. When it comes to trees, not everyone is out there only for themselves. The collective grove lives on.


  When root-grafted firs do fall, they tend to fall together. On high peaks of the interior Northeast, including Katahdin and Whiteface Mountain, budworm and/or wind knocks down whole strands of fir. Exposed to more sunlight, adjacent seedlings and saplings accelerate growth, sometimes creating visible waves of alternating dead and living trees. Balsam fir on Cadillac Mountain isn’t extensive enough to form waves, but it persists in its little pocket near the summit, where at least some of the trees must have survived the Fire of 1947, which burned up the north and east sides of the mountain.


  Some spring season after the fire, the firs produced seeds inside purplish-black cones that sat in upright clusters in the topmost branches. Later in the season, the cones disintegrated scale by scale, and the seeds, spinning on tiny wings, descended to the ground. Typically, balsam fir seedlings establish in close proximity (within 200 feet) of the parent tree, although some seeds may be spread long distances by wind over frozen snow and by animals. Left to its own devices, the forest wants to spread, and seeds want to find new ground.


  Less than 3 percent of Earth’s land area (outside of Antarctica) is above the tree line, and tree lines are rising in alpine ecosystems due to warming. Balsam fir seedlings fill in the gaps where the forest thins and transitions to open terrain. In the White Mountains, tree line is 40 feet higher than it was a few decades ago. On Katahdin, tree line is an average of 26 feet higher. Tree line in Acadia is not monitored, but despite the erosion occurring at trails and overlooks, forests appear to be spreading across more of the mountains.
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  On Cadillac, the crowd has dispersed and trickled back down the mountain, inspired but hungry for blueberry pancakes with real maple syrup. The sun is already high in the sky, warming the firs, which release their fragrance, the sweet, piney smell associated with the North Country. Aromatic chemicals, mostly terpenes, travel through human olfactory nerves to mind and memory. As the authors of Our Trees: How to Know Them wrote, “It is probably on account of the interesting psychological fact of the curious association of the sense of smell with the memory of former experiences that the Balsam Fir holds a unique position among the evergreens in the minds of most people who have lived for a time in the region where it grows.”
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  Fog hovers over the valley of fir and spruce between Cadillac and Dorr Mountains.
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  A young balsam fir along Hunters Brook, showing fine form.


  But memory is deeper than direct experience, and even those who smell balsam fir for the first time feel something stirring within them with each breath. Soon to be awakened, too, are the balsam fir seeds on the granite-dusted and lichen-crusted ground, waiting for the coming season’s rain and warmth.


  From the summit of Cadillac Mountain, the South Ridge Trail descends into small forested hollows, where softer rock was eroded away during the great thaw and soil built faster. In one cleft on the southeastern face is another pocket of old forest where fir, spruce, birch, and maple have been growing for at least 500 and perhaps as long as 1,000 years, according to analysis of pollen in cores of accumulated, boggy sediment.


  Like the shores of Sargent Mountain Pond, a deeper basin where spruce and fir persisted for many thousands of years, the high elevations of Cadillac maintain conditions suitable for tundra plants and boreal trees. In ravines and hollows, protected from wind and proximate to fog drifting in from the sea, the temperature remains consistently cool and the air stays moist. Such “microclimates” exist all over Acadia because of the varied topography and contribute to a diversity of forest types—as many as twenty-eight different kinds of forests and woodlands. 
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  The cones of balsam fir sit upright on the branches.


  

  balsam fir Abies balsamea


  Conifer, Pine family (Pinaceae)


  Leaves short, flat, somewhat flexible needles; often in 2 rows, sometimes curving upward


  Bark green when young, aging to gray; smooth with horizontal lines of resin blisters


  Seeds in upright cones clustered near top of tree


  


  From the cool dampness of the ravine, the trail rises back up onto exposed bedrock and winds through wind-shorn clumps of fir, cedar, and birch. Beyond the ridge, fog hovers between the island-studded ocean and the cloud-flecked sky. Odd to think of this exposed ground as a stable refuge, but the trees know otherwise. What seems harsh to humans is simply home to the firs.


  Trees have more patience than people, and through their rings and their pollen, in their very DNA, they have sustained a memory of Acadia’s forest past. To find it, follow the trail down the south ridge of Cadillac Mountain.
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  Refugia  JACK PINE


  CADILLAC MOUNTAIN SOUTH RIDGE


  From the summit of Cadillac Mountain, the South Ridge Trail descends to a small pond called The Featherbed (spruce, fir, frogs) and rises again to exposed ridges, passing through a loose grove of scraggly pines. Ranging in height from 5 to 25 feet tall, the pines are distinguished from the other nearby pines by their shorter, stiff needles in bundles of two, and cones that curve to one side. Some of the trees are bent, contorted; their bark is scaly and rough. The scene is dry.


  Jack pine (Pinus banksiana) most commonly grows in great swaths of boreal forest to the north, alongside black spruce and tamarack, to the very edge of the Arctic. Strange, then, for it to be here. What is a taiga tree doing in Acadia?
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  The Cadillac Mountain South Ridge Trail passes through a mixed stand of jack and pitch pines.


  These jack pines are a remnant of what was once a much more extensive population. When much of the northern latitudes were covered in ice, tree species were distributed differently. In what is now the southeastern United States, jack pine was the most abundant tree, growing alongside other pines in forests that would seem strange today.


  Trees continued evolving where they could, developing genetic diversity that would help them adjust when the climate shifted again and glaciers melted. From near and far, trees found their way to Acadia.


  Jack pine spread north into newly suitable habitat at a peak pace of more than 1,000 feet per year, among the fastest spreads of any tree in eastern North America.


  Over time, soils developed, other trees arrived, the canopy closed in, and (after a relatively brief return to cold known as the Younger Dryas) temperatures continued to warm. Jack pine and other cold-adapted plants became restricted to refugia that remained exposed, barren, and cooler—high elevations and the coast. Isolated from the core populations now located thousands of miles north, these “disjunct” fragments of boreal plants in the Northeast have been likened to the “sky islands” of southeastern Arizona, where lone forests grow thousands of feet above a lowland desert sea.


  The Cadillac Mountain jack pine sky island is one of just thirty or so small and scattered jack pine groves in Maine, islands that represent vital refugia. Another, one of the largest, is on the stony shores of the Schoodic Peninsula, across the bay to the east.
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  Jack pines on the Schoodic Peninsula.


  SCHOODIC PENINSULA


  The trail up to Schoodic Head begins in old spruce-fir forest but ends among jack pines. The landscape is dry, even though down below, the ocean crashes and fog hovers over distant islands. The ground is covered with Cladonia lichens that give it a sere and crusty look. In early summer, the shrubs—huckleberry, blueberry, chokeberry, lingonberry, cranberry, crowberry—are as vibrant green as the snakes that leave their cover to bask on sun-warmed rocks. Yellow-rumped warblers and dark-eyed juncos chirp and flutter among the trees. The pines can be traced along the peninsula, from Schoodic Point to Birch Harbor, creating a forest on thin soils where few other trees dare grow.


  Fossils and genetic evidence point to the evolution of pines from their coniferous ancestors between 100 and 150 million years ago in the Jurassic period. In the cold, dry circumpolar continent of Beringia, they developed thick, waxy leaves with sunken stomata.


  Stomata are openings in the leaf that allow the tree to communicate with the air, including taking in the carbon dioxide they use for photosynthesis. Water vapor exits open stomata, pulling on the next molecules, drawing water up from roots through sapwood to needles. During drought, a tree can close its stomata to retain water, pausing photosynthesis. But pines can tolerate more water loss, a remnant of their evolution in a drier climate and their preference for dry soils and tolerance of sunlight. The narrow, rigid needle shape exposed more surface area to sunlight during short growing seasons. Pines formed relationships with fungi (Rhizopogon and Suillus) that made growth possible in low-nutrient soils, which the pines further enriched with the tannins of their own fallen needles.


  Jack pine is closely related to the western lodgepole pine. Some jack pine was cut for railroad ties, posts, lumber, and especially firewood; but with so many other timber options available across Acadia, it was mostly left alone, considered by many to be a trash tree, until the arrival of curious botanists.
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  In 1882 Frank Day, a summer visitor and architect from Philadelphia, identified the presence of jack pine on Schoodic Head, “far to the south of its hitherto accredited province” of northern Maine and New Brunswick. Day was assisting Harvard law student Edward Rand with his effort to compile a complete list of the plants of Mount Desert Island. In those days, botany was more obsession than profession.


  Day’s find was certainly news among the botanizing set. Rand had to see it for himself, and he was finally able to get over to Schoodic in 1885. He sailed across Frenchman Bay with naturalist friends. They landed in “a little cove a short distance south of Winter Harbor” and proceeded to walk toward the mountain along logging roads. As Rand later recounted in the Bulletin of the Torrey Botanical Club, “Following one of these paths for about half a mile, we suddenly came upon the object of our search, before reaching the mountain. It was a straight handsome tree of at least twenty feet in height, easily recognized by its peculiar dark green, short foliage, and its abundant curved cones. Other trees were soon seen, both large and small, showing that this pine is not limited to the mountain, but might confidently be expected over the entire peninsula.”
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  Jack pines grow on the summit of Schoodic Head.


  They found more jack pines on Schoodic Head: “Strange, weather-beaten, dwarfed shrubs they were, twisted into many a fantastic shape along the wind-swept summit.”


  Another volunteer helping Rand with the survey, John Redfield, also had to see the jack pines for himself. Short on time, he didn’t make it all the way up Schoodic Head but observed a number of pines on the eastern side of Schoodic Peninsula. Redfield talked with a Mr. Lindsay, “an intelligent resident of the vicinity,” who told him that jack pines grew at intervals to a distance of at least 25 miles northward. “It would be interesting to know what degree of continuity there may be between these localities, and the larger areas in northern Maine,” wrote Redfield in his own account.


  After Edward Rand observed the jack pines at Schoodic, he wondered if perhaps the species did occur on nearby Mount Desert Island and he had missed it. He searched all over the island and finally, more than a decade later, found the stand on Green (Cadillac) Mountain.


  “There were about thirty small trees from six to twelve feet in height—all cone-bearing—scattered over a small area on a sheltered part of the mountain side. Owing to the protected situation, the trees were symmetrical, not dwarfed and contorted like those on Schoodic Mountain. . . . I noticed a few young trees, so that, if spared by fire, this interesting pine ought to increase.”


  Rand’s comment about fire reflected current thinking of scientists at the time. Forestry as a profession was just getting started, and fires, which were frequent in forests strewn with logging waste, were considered a threat to both people and trees.


  Not until later would ecologists learn that some trees adapted to fire long ago when the Earth’s climate was warmer and drier. Thick bark and a tendency to shed their lower branches as they grew skyward allowed some pines, such as white pine, to “resist” low-intensity ground fires. Others, like jack pine, evolved resin-sealed cones that required heat for opening (serotiny) so that even when intense canopy fires killed mature trees, they could “evade” mortality by releasing their seeds in the ashes. Other pines “endure” fire by resprouting from branches, trunks, and stumps.


  In boreal forests in the interior of the continent that are more dry, fire is the force of influence that clears the way for new trees, and jack pine is adapted to frequent burning, once or twice a century. Fire spreads where young trees grow close together, and where older, more spread-out trees retain their lower branches. Flames reach the crowns, where the heat melts open the resinous cones. The released seeds germinate better on the bare mineral soil left after fire has burned through underbrush, and the young trees grow best in the open, without shade from other trees. Elsewhere in North America, in the Great Lakes region and eastern Canada, jack pine woodlands tend to shift toward more shade-tolerant hardwood and spruce-fir forests in the absence of fire.


  These same adaptations, however, allow jack pines to grow without fire in places with similar characteristics. In normally humid Acadia, where fires caused by lightning or other non-human ignition sources are uncommon, sunlight is intense enough to open the cones. Jack pines don’t need fire to clear the ground, because much of it is either already bare rock or thin, dry soil whipped by salt spray. Seeds land in crevices and shallow patches of exposed granite sand and germinate quickly in cool spring temperatures, ensuring as long a growing season as possible. The seedlings put energy into roots, and the trees grow slowly but surely.


  After the botanists first published their records, Acadia’s jack pines had to wait another century for the environmental awakening of the 1970s to gain broader recognition.


  In 1973 the State of Maine began developing an official register of “critical areas.” These were places “containing or potentially containing plant and animal life or geological features worthy of preservation in their natural condition, or other natural features of significant scenic, scientific, or historical value.”


  Joan Feely of College of the Atlantic surveyed jack pine forests in Acadia for the statewide assessment. At Schoodic Point, where the trees had been protected by the National Park Service (NPS) since 1929, she found full trees with many lower branches, ranging in age from 40 to 120 years old. The Schoodic Point jack pines represented the largest known area of woodland in the park, but Feely also mapped jack pines on Mount Desert Island, on Cadillac and Norumbega Mountains, southwest of Huguenot Head, near the high school, and next to park headquarters.


  Feely and the other authors of the report described how Acadia’s jack pines grew in a “variety of unusual habitats” and in forms unequaled anywhere else in the state, from wind-twisted pines on the shoreline to short pines on mountain summits to jack pines growing in forests and bogs alongside spruce, paper birch, and larch. Of the jack pines adjacent to the parking area at Schoodic Point they wrote, “This is a fine example of a site very exposed to the sea. The trees are very stunted and deformed, and are broadly spaced. They are the predominant tree species, with some stunted spruce present as well. The understory is of huckleberry, sheep laurel, and bunchberry. Most of the trees are two inches to six inches in diameter and range in age from 48 to 59 years old. A single tree set back from the shore was over 94 years old.”


  The jack pines of Schoodic Point and Cadillac Mountain qualified as critical areas under the state’s definition because of their scientific and ecological importance.


  Feely and her coauthors described the southern distribution of jack pine as being the result of postglacial changes in climate, but whether jack pine once was more widespread within its range in Maine was “a matter of speculation.”


  It was enough for the NPS to want to learn more. Were jack pines regenerating? And if so, were the numbers of seedlings and saplings enough to ensure continual survival of jack pine forests in the park? Desiring to know how best to protect the pines, NPS supported several follow-up studies. In the early 1990s, Laura Conkey, MaryBeth Keifer, and Andrea Lloyd of Dartmouth College assessed the structure and dynamics of the Schoodic Head and Cadillac Mountain jack pine forests.


  The jack pines at Schoodic were larger and older, dating to the 1860s. About a quarter of the trees were dead or dying, and there were almost no jack pine seedlings but plenty of young red spruce. Jack pine mortality appeared greatest on sites with deeper soils and greater canopy cover; open sites had fewer dead trees. Spruce was expanding, perhaps at the expense of jack pine, although they couldn’t infer causality. Still, they questioned “the continued viability of jack pine in the stand.”


  In contrast, they found the jack pines on Cadillac Mountain were “young and vigorous,” with a large number of seedlings and saplings relative to the number of older trees. Seedlings were numerous on open sites with thin soil and low ground cover of plants and lichen. They did not see as many seedlings of spruce or other pines. They found plenty of space where jack pine could potentially expand. “For now,” they wrote, “mortality of jack pine is very low, regeneration of the species is good, and growth rates are relatively high.”


  In another study at the time funded by NPS, Gary Hawley and Donald DeHayes of the University of Vermont analyzed the DNA of jack pine seeds to understand the genetic diversity of the different populations. The Schoodic Point and Schoodic Head jack pines appeared to be similar to other central and marginal jack pine populations in level of genetic variability. And despite being near one another, the different stands in Acadia were genetically distinct from each other, which surprised the researchers. Small, isolated populations are generally expected to be lower in genetic variability due to reduced gene flow among populations and a greater likelihood of inbreeding.
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  A mature jack pine on the Schoodic Peninsula.


  Like Critical Area Program naturalists before them, Hawley and DeHayes did not roam beyond park boundaries; thus they missed the extensive jack pine woodland in Birch Harbor, which now is part of Acadia National Park.


  The gravel bike paths from Buck Cove and Wonsqueak wind through jack pine barrens. When the day is warm and the salt breeze drifts through trees silhouetted against the sun and dragonflies hover over huckleberries, the jack pine woods feel almost tropical, inducing a sense of otherworldliness. Far from northern tundra and distant from its postglacial origin, the jack pine forest is disjunct in both space and time. Such is the nature of refugia.
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  Acadia National Park includes about 50,000 acres of islands and peninsulas along the coast of Maine. By national park standards, Acadia is small in size, yet it has large variation in climate due to its proximity to the ocean and range in elevations.
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  Jack pines create an otherworldly feel along Schoodic paths.


  Data from air temperature sensors around the park show that temperature varies both geographically and seasonally. In summer, forests at Schoodic Point and other shorelines exposed to cool sea breezes can be 10 degrees cooler than lowland forests away from the coast. The ocean also helps moderate winter temperatures. In January, Cadillac Mountain is often colder than Schoodic Point. All of this variation helps explain why cold-adapted species like jack pine have been able to persist in Acadia, and why Acadia could be considered part of the Northern Forest—26 million acres of mixed conifers and broadleaf trees stretching from Maine to New York, a region that also shares a forest-based history and culture.


  Away from the shoreline, jack pines grow in a perched bog at the headwaters of Frazer Creek. Similar forest can be found a few peninsulas to the east, on Great Wass Island, where small trees are scattered in the middle of the soggy sphagnum, larger trees around the edges. As in Acadia, jack pines in the Great Wass Island refugium are self-perpetuating without fire. They have their own means of maintaining themselves. Their branches intercept the fog, which condenses on needles and drips to the shrubs and ground cover below, where other cold-weather plants have also found refuge.


  Arctic blue-flag iris and roseroot sprout between sheltered rocks. Narrow ledges between the edge of the jack pine forest and tide-scraped granite are carpeted in black crowberry, an evergreen shrub with tiny purplish flowers and dark fruits. Crowberry (Empetrum nigrum) grows in less than 1 percent of the state, but it is fairly common in Acadia (and the tableland of Katahdin, hundreds of miles to the north). Its creeping mats help reduce coastal erosion and host the rare crowberry blue butterfly.


  A question now is whether Acadia will continue to have areas of refugia that are buffered from climate change enough to allow for the persistence of species like jack pine and crowberry. In other words, once a refugium, always a refugium?
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  A young jack pine on the Schoodic Peninsula.


  Plants are living things, not relics on a dusty museum shelf. The jack pines in Acadia have persisted for thousands of years. In that time, they have adapted to their local environment, learned to reproduce without fire, and defied expectations of how long a jack pine can live and where, and how. Jack pine, crowberry, cinquefoil—what if they are not relics but oracles?
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  NORUMBEGA MOUNTAIN


  The Goat Trail ascends the steep eastern face of Norumbega, named for the ever-elusive city of gold, an El Dorado of the North that many explorers believed existed somewhere in the vicinity of the Penobscot River.


  Cities of gold are always somewhere just beyond in a land of dreams, always potential, never realized. Here, the only gold is the summer sun reflecting off the needles of white pines and pitch pines. Practically at the summit, 852 feet above sea level, the jack pines appear, their tall, spiky branches scraping the sky.


  Pitch pine (Pinus rigida) grows in similar rocky, sandy habitat as jack pine but in warmer locations; it is at the northern, or cold, limit of its range in Acadia. On Norumbega, the team led by
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  CADILLAC MOUNTAIN
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