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  CHAPTER 1



  GEOLOGY Setting the Stage for Maine’s Biodiversity


  Stephen A. Norton with George L. Jacobson


  MY DESIRE TO BE A GEOLOGIST stretches back to 1952 and a Boy Scout trip to the White Mountains of New Hampshire, where I discovered a striking large, black, hexagonal crystal. I asked my Scoutmaster what it was and how it came to be. Fortunately, because he did not know, I set out to learn for myself. A single tourmaline crystal catalyzed my love of geology, which continues 70 years later. After all those years, I can often evaluate geology at a glance, even in the few seconds it takes to drive through a highway road cut. Are the rocks layered? If yes, they are sedimentary or metamorphic. If no, are they light or dark colored? If light colored, they may be granite. More than 55 years of exploring Maine on foot have attuned me to common features like old stone walls, whose rocks almost always indicate the underlying bedrock. Other settings have no boulders in the soil, indicating recent (post-glacial) water-lain deposits such as deltas, floodplains, or blankets of marine clay. Geology is fun partly because it involves the third (downward) and fourth (time) dimensions of our natural world. Maine’s geology is wonderfully diverse, ranging from Katahdin and its “Knife Edge” overlooking a 2,000-foot-deep glacial amphitheater cut in granite, to Somes Sound, the only true fjord (excavated by ice) on the US East Coast, to extensive, table-flat sand-and-gravel deposits in places like Cherryfield and Gray. Geology also explains our extraordinary coastline. It is only 228 miles long as the crow flies, but if the crow walked the shoreline, checking out the fabulous beaches and dramatic rocky peninsulas, it would cover 3,478 miles.


  Geologists are historians who use observation, physics, chemistry, biology, and mathematics to investigate history at many scales: the origins of a rounded pebble in a gravel pit; a boulder plucked from an outcrop; an outcrop; or an entire landscape of outcrops and gravel deposits. Much of geology can be understood as long-term consequences of processes that are active on Earth today. Geologists have long been aware that the arrangement, shapes, and geology of our continents indicate that those large terrestrial masses have not always been in their present configuration. A revolution in geology began in the 1960s with the discovery of the mechanism driving what is now called plate tectonics—the unifying theme of the discipline. Consequently, our understanding of Maine’s bedrock geology has been under continuous revision since then.


  Now, back to that pebble. Were we in the gravel pit together, I might hand you the pebble and ask you to consider many aspects of its history. How was the rock formed originally? Why is it rounded? Where did it come from, and how was it moved to this spot? When did all these events occur? The list goes on and on. Every pebble has a story to tell.


  Modern scientific tools often help reveal the age, mode of formation, and mechanisms of transport of a given specimen at a given location. Most geological processes are slow, virtually static on a human timescale. Erosion is typically measured in small fractions of an inch per year, while tectonic plates move up to a few inches per year. Nevertheless, some geological processes can be rapid and, sometimes, devastating—volcanism, earthquakes, and flooding can quickly rearrange the landscape. Human modifications of Earth’s surface, waters, atmosphere, and oceans have become globally significant. Today, human rearrangement of surface materials exceeds all natural processes as measured by the mass of material disturbed. Imagine that!


  Geological processes produced all the physical features that define Maine—bedrock, surficial sediments, topography, soil, hydrology, water chemistry, and more—all of which support Maine ecosystems. To understand the context of these ecosystems, we will need to delve deep into their geologic foundations . . . quite literally.


  Maine’s bedrock geology is complicated and interesting, but much of the evidence is hard to discern. I’m not the only geologist to walk a transect line for many miles and hours through endless Maine forests without seeing a single outcrop. Frustrating work on a hot, buggy day in June. It is no surprise that our understanding of Maine’s bedrock is far better in populated areas (with roads and road cuts) and along the coast (where everyone, even geologists, enjoy ocean breezes). Fortunately, bedrock outcrops are well exposed in three basic settings: streams and riverbeds, shores (fresh and salt), and summits. These settings are numerous, but exposed bedrock covers less than 5% of the state. Maine’s rocky coast and islands, lakes, streams, and mountains have long inspired writers including Sarah Orne Jewett, Henry David Thoreau, Henry Wadsworth Longfellow, and many others; as well as artists including Edward Hopper, John Marin, Marsden Hartley, Carol Leigh, Andrew Wyeth and his son Jamie, Frances Kornbluth, and many more.


  Geologists have divided Earth’s history into shorter periods and assigned them formal names. You may have heard of some of them—the Cambrian Period explosion (when marine animals first developed hard parts for defense against predators and these became fossils), the Jurassic Period (remember the film Jurassic Park, celebrating the heyday of dinosaurs?), and the Holocene Epoch, during which “modern” civilization has evolved. The Cambrian began 540 million years ago. That is not an easy number to comprehend, even though it is only a modest portion of Earth’s 4.5 billion years of geologic history. To put all this in context, Maine’s current bedrock geology developed largely between 540 and 360 million years ago, a time span that is only 5% of Earth’s age.


  Sedimentary rocks are formed by the accumulation of particles that have been blown by air, transported by flowing water, or moved about by ice, including glaciers. Sediments also accumulate in the oceans, derived from eroding detritus from continents or from marine organisms’ remains. In Aroostook County, sedimentary rocks rich with calcium carbonate began as shells of organisms living in shallow, warm, marine environments. Either Maine has moved, or the climate has changed, or both.


  Metamorphic rocks are sediments, previously metamorphosed rocks, or igneous rocks that have been metamorphosed by being deformed and/or heated. For example, when oceanic crustal materials are subducted beneath continental crust, they can be exposed to very high temperatures and pressures. The assemblages of new metamorphic minerals enable geologists to reconstruct the temperature, pressure, and age of a given metamorphism.


  Igneous rocks form through crystallization of magma as it cools. Intrusive igneous rocks (which have intruded into other preexisting rocks) range from granites (generally light colored) to basalts (generally black). Their color variation is related to the elements present while grain size relates to the cooling rate: fast = fine-grained, slow = coarse-grained. Consider the history of the Mount Waldo Granite from Frankfurt, the source of building blocks for Fort Knox in Prospect and many buildings in Boston and Washington; it solidified from magma 371 million years ago at a depth of 7 miles. For the granite to be exposed at the surface now required an average rate of erosion of 0.001 inches per year to remove 7 miles of rock—a very slow process over a very long time. Extrusive igneous rocks are volcanic in origin, although some types are classified as sediments because the fragments spent time in the air. Think Pompeii.


  Maine’s geological past: The bedrock framework of Maine was largely formed between 540 and 360 million years ago during which the Iapetus Sea, a now extinct ocean (ending about 400 million years ago) between North America, Europe, and Africa, was receiving sediment (terrestrial and marine) from the east and west, as the Atlantic Ocean is now. Episodic plate tectonics, including expansion (spreading) and contraction (subduction) of the Iapetus Sea, resulted in two pieces of tectonic plates, older than 540 million years, being welded to a younger plate in-the-making that became the foundation for Maine.



   A mental experiment: Imagine a stack of 10-foot by 10-foot, differently colored rugs stacked against a wall on a smooth floor. The rugs represent different types of sediment and different ages (oldest on the bottom, youngest on top). Slowly push the pile with a 10-foot board and the stack of rugs will fold parallel to the board, even doubling over on itself. Then take a sharp, long knife and shave off the tops of many of the folds, cutting deeper into the left side of the area ahead of the board, looking at the rugs. The colors will now alternate in bands parallel to the board, possibly repeating themselves many times. This is the general pattern of the sedimentary rocks, and their metamorphic equivalents, in Maine, from southwest (left) to northeast (right). The many peninsulas jutting into the Atlantic Ocean are parallel to the bands of rocks and remain as peninsulas because they are more resistant to erosion.




  Southern Maine sediments, now exposed, were once deeper (likely more than 10 miles) and got hot enough to melt (at least 1200°F) and become magma. Erosion in central, northern, and eastern Maine was not as deep. The magma, being less dense than the surrounding rocks, rose slowly through the overlying cooler rocks, “freezing” to yield many granite intrusions that, because of erosion, eventually became the modern outcrops of central and coastal Maine, including Katahdin. In some places the magma reached the surface, producing volcanoes. Best known among these is Cadillac Mountain Granite (418 million years) in Acadia National Park, a remnant of a volcano’s throat. The Cranberry Islands, just south of Mount Desert Island, consist of extrusive volcanic rocks (from the volcano just north), as do the cliff-forming rocks of Mount Kineo on the east shore of Moosehead Lake. Most people are surprised to learn that volcanoes were at one stage a dominant feature in Maine’s history. Soon (that is, within about 5 million years), fossil-containing terrestrial sediments were being deposited from erosion of these same granites, which formed at the final closure of the Iapetus Sea and the end of subduction.


  The location where the slab descended below the North American plate is a major fault that developed later, the Norumbega Fault Zone. It trends generally northeast–southwest, cutting through Orrington, and parallels the folded bands of rock, but developed after the folding and subduction. Fossils in rocks to the northwest of the Norumbega Fault are North American in origin; to the southeast, in rocks of the same age, fossils are European or possibly North African in origin. The Norumbega Fault was active for about 130 million years. By 380 million years ago, most of the major geologic action in Maine was over; the Appalachian Mountains were rising and simultaneously being eroded; major subduction was over.


  After 380 million years, events southwest of Maine led to formation of other granitic intrusions, the largest of which is the Sebago Granite (ca. 293 million years ago), one of Maine’s largest. Subsequent but possibly related processes are responsible for the world-famous gem-rich pegmatites of northwestern Maine (270 to 250 million years ago). Pegmatites formed in the presence of super-hot water that allowed crystals to grow to enormous size (up to 35 feet long). One of the world’s finest collections of gems from this area, especially tourmaline (the reason I became a geologist; see Chapter 10, “Exploring Maine”), is housed in Bethel, at the Maine Mineral and Gem Museum (which includes a large “out-of-this-world” assemblage of meteorites from Mars). Currently, there is strong interest in the lithium-rich minerals that occur in our pegmatite district because lithium is a critical element for batteries and electronics, including your cell phone.


  Acadia National Park’s Schoodic Point has wonderful examples of small, scattered basaltic intrusions (dikes; Figure 1.1) that were formed as magma squeezed into cracks that developed about 225 million years ago when the Gondwana supercontinent first split eastward to form the Atlantic Ocean. These dikes may have inspired the limerick by G. J. S. Ross:
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  Figure 1.1. This basalt dike intruded Cadillac Mountain Granite, perhaps concurrent with the initial opening of the Atlantic Ocean. Coauthor Jacobson is inspecting an inclusion of granite engulfed by the basaltic magma.The granite was polished by glaciation, and later still, the site was named Schoodic Point in Acadia National Park.



   There once were two frogs of Gondwana
 Who vowed ne’er to part till Nirvana.


  But each met its fate
 On a separate plate:
 He lies in Brazil, she in Ghana.




  The youngest rocks in Maine, 140 to 66 million years ago, are intrusions of gabbro (a coarse-grained, slow cooling, equivalent of basalt) in southern Maine, visible at Cape Neddick Lighthouse. Of course, geological processes such as slow uplift and erosion are ongoing and will continue to shape Maine’s landscapes far into the future. To quote Henry David Thoreau: “The finest workers in stone are not copper or steel tools, but the gentle touches of air and water working at their leisure with a liberal allowance of time.”


  Surficial geology encompasses the unconsolidated sediment formed during the glaciation and deglaciation of Maine, and subsequent movement of this material by wind and water. About 95% of Maine’s solid surface is covered by surficial material. Starting about 34 to 23 million years ago, Earth’s climate began cooling because of changes in oceanic circulation related to plate tectonics, shifting configuration and location of continents, and decreasing atmospheric carbon dioxide, a greenhouse gas. Decreases in atmospheric carbon dioxide cool our climate. The Quaternary Period, circa 2.6 million years ago to the present, marks the time of cyclical Northern Hemisphere ice ages. Maine has experienced four glaciations over the last 400,000 years, as ice sheets formed and flowed from high to low latitude (from Hudson Bay to Maine, for example), and then melted completely (see Chapter 2, “Climate,” Figure 2.5).


  The most recent glacial cycle, which lasted approximately 110,000 years in Maine, produced the Laurentide Ice Sheet. The maximum extent of the ice sheet, which lasted from about 24,000 to 18,000 years ago, covered all of Maine. During this period ice may have reached 1.5 miles thick, covering Katahdin and Cadillac Mountain, and extending to George’s Bank on the continental shelf. The rapid transition from full glacial to modern climate in Maine took roughly 8,000 years. During the last 11,000 atypically warm years, known as the Holocene Epoch interglacial, “modern civilization” has developed. The brief interglacials represent about 10% of a glacial cycle.


  The retreating ice margin reached the present coast at Acadia approximately 16,000 years ago (Chapter 2, Figure 2.5). Sargent Mountain Pond in Acadia National Park, at an elevation of 1,079 feet, began collecting sediment about 16,000 years ago, perhaps making it Maine’s first lake. The Penobscot River lowlands were deglaciated and covered by ocean water inland to Medway circa 15,000 years ago, and the lowlands around Katahdin were ice free by about 14,000 years ago. By 13,000 years ago, an early resident could have walked through forests from the coast of Maine to the St. Lawrence River (Chapter 2, Figure 2.5).


  The Laurentide Ice Sheet acted like a massive sheet of sandpaper embedded with debris ranging from clay-sized to house-sized particles. The ice physically abraded the landscape, scraping away the soil and most evidence of earlier ice sheets. The abrasion of successive glaciations is cumulative and produces (from small to large): striations, grooves, bedrock basins, U-shaped valleys, and lower bedrock surfaces everywhere. An excellent example of striations and grooves in Ellsworth Falls was visited by Louis Agassiz (a Swiss geologist who became a famous professor at Harvard College). In 1864, he wrote that they were formed by continental glaciation rather than the biblical flood: the first US scientific publication to invoke continental glaciation.


  During the growth of ice sheets, enormous quantities of evaporated ocean water were deposited on land as snow, compressing with depth to become thick enough ice to flow like cold molasses, only more slowly. At the most recent glacial maximum, enough water had been stored in ice to lower global sea level by approximately 410 feet, exposing large areas of the continental shelves. At the same time, the weight of the ice dramatically depressed Earth’s crust beneath Maine by approximately one-third of the thickness of the ice. During the rapid transition from glacial to interglacial conditions, huge amounts of meltwater from ice sheets and glaciers around the world poured into the rising seas while, concurrently, ice thinning allowed the depressed crust to slowly rebound. However, global sea level rose faster than the depressed crust rebounded, and around 15,500 years ago the sea rose to 240 feet above present sea level at the modern coast, and higher inland. After the sea had followed the ice margin northward and inland, it then retreated as Earth’s crust finally rebounded faster than sea level rose (Chapter 2, Figure 2.5). The blue sinuous line on Figure 1.2 marks the “marine limit,” the maximum extent of flooding by the rising sea. The inundation created “sea stacks and wave-cut cliffs” Downeast, notably on Schoodic Head Mountain and Day Mountain in Acadia National Park, about 240 feet above modern sea level (Figure 1.3).
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  Figure 1.2. Surficial geologic map of Maine. (Extracted from Loiselle, 2003)
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  Figure 1.3. Sea stacks are commonly formed by wave erosion of homogeneous rocks, such as granite, that have preexisting horizontal and nearly vertical cracks. Left panel shows a sea stack on Day Mountain at 240 feet elevation, sculpted 15,000 years ago when sea level was here. Right panel is a modern sea stack at current sea level. Note rounded boulders of Cadillac Granite in both images, derived from the adjacent wave-cut cliffs. Color differences are from weathering and lichen.


  “Deltas” formed where streams laden with glacial sediment entered the ocean. The sediments quickly sank to the ocean floor, forming a flat platform of gravel at contemporary sea level; sand, silt, and clay were deposited in progressively deeper water. These deltas were then uplifted as the land rebounded, and dozens, like the Cherryfield blueberry barrens, are now stranded well above our current sea level. As the land-surface continued to rise and local sea level fell, wave-cut benches formed on the seaward face of deltas (Figure 1.4).


  Sea level fell to 200 feet below modern sea level by 12,000 years ago. Subsequently, sea level rose rapidly, then more slowly. But since 2000, sea level is projected to rise a minimum of 3 feet per 100 years by 2300 CE because of carbon dioxide–induced global warming. Likely, many shell middens and habitation
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  Figure 1.4. A (top): Painting of the melting glacial margin during delta construction, ca. 15,000 cal yr BP, looking west. Note braided streams, gulleys, and milky ocean water from suspended silt and clay. Painting by Kathleen Thornton. B (bottom left): LIDAR image of the Cherryfield Delta, a vast blueberry barren (see Chapter 13, “Blueberry Barrens”). North is up. Arrows indicate braided streams, and other features shown in Figure 1.4 A. Southern delta margin shown in dashed white. (Maine Goelogical Survey) C (bottom right): View looking northeast. To the left is the flat surface of the delta (former sea level at 255 feet), backed by the treed area which was the edge of the ice sheet. Coauthor GLG is standing on the wave-cut slope filled with snow, possibly cut by one storm while sea level was dropping.


  sites of Native Americans now lie well below modern sea level. Archeologists and geologists are working feverishly at sea level or slightly above to discover and protect the history of these earliest inhabitants of Maine.
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  Figure 1.5. LIDAR imagery can “peel back” the vegetation to reveal surface geology. Left panel: North of the causeway onto Mount Desert Island on Route 3 (yellow line) we can see many sub-marine moraines, about 5 feet high, draped by Presumpscot Formation marine clay, all below 250 feet elevation above sea level. They appear as wrinkles, trending nearly east–west and 0.1 mile apart. Right panel: The yellow line is Route 1, north of Belfast; white lines surround areas above 250 feet above modern sea level. The Presumpscot sediment causes a smoothing of the terrain below 250 feet, while the streamlining effect of moving ice is clearer above 250 feet. (Maine Geological Survey)


  The margin of flowing ice stays in one place if melting at the margin equals ice flow. In this situation, the “conveyor belt” carrying debris brings it to the margin where it accumulates as raised ridges called “moraines.” Each moraine represents a stillstand of the ice margin, which paused long enough to allow accumulation of debris. These sinuous northeast–southwest–trending ridges lie perpendicular to the direction of ice flow; their position may also have been partly controlled by the northeast–southwest pattern in the metamorphosed sedimentary bedrock, as discussed earlier. Interestingly, some moraines formed under seawater where the ice margin rested on the seabed. These “sub-marine moraines” of sand and gravel are common along Route 1 from Ellsworth to Jonesboro, with an excellent large example at the University of Maine’s Wild Blueberry Research Station. Moraines shown in Figure 1.5 are typically less than 5 feet high, laterally continuous for up to several miles, and regularly spaced about 0.1 mile apart on a gently south-inclined slope.


  Some of these may be annual moraines, not well recognized in Maine before LIDAR technology, with the moraines having been formed each winter (the period of stillstand) followed by summer when greater melting caused the ice margin to retreat northerly to the position of the next year’s moraine.


  Melting water penetrated to the base of the glacier through crevasses and shafts that coalesced into sub-ice streams, gathering debris and carrying it through subice tunnels. These emerged at the margin of the nearly stagnant ice sheet, building deltas as described earlier. As the glacier margin retreated northward, sand and gravel deposited along the bottoms of the tunnels remained as long, sinuous mounds typically trending northwest–southeast, paralleling the movement of the glacier. These deposits are called “eskers,” a Finnish term. Quite a few Maine roads have been built on eskers; abundant gravel is already there, easily reconfigured into a roadbed. This phenomenon is easily viewed in Aurora where the historical Airline Road, extending from Bangor to Calais, follows the “Whalesback” esker for more than 3 miles (Figure 1.6). Until the 1970s, eskers and deltas were often used for dumps and cemeteries, but this is no longer allowed because eskers commonly can yield abundant high-quality groundwater.


  Meltwater also contained finely ground rock, called “rock flour,” particles so small that they form the soils we call clay or silt. The tiny particles stay in suspension if there is any current, giving the water a milky, turquoise-colored appearance. When an esker tunnel emptied into the ocean, those particles eventually settled to form a widespread blanket of marine clay and silt. The marine clay shown in purple on Figure 1.2 is seaward of the marine limit. For tunnels that ended before reaching the ocean, the particles were carried onward by surface streams that flowed to the ocean. This deposit of fine particles is called the Presumpscot Formation. Melting icebergs occasionally would drop boulders into the Presumpscot sediment. In places it covers till, sub-marine moraines, eskers, and lower portions of deltas. As sea level fell, the wave zones and tidal currents moved these sediments once again to lower areas, including lake basins-to-be. Marine silts and clays are rich in phosphorus and commonly occur in areas of gentle topography, both attractive for modern agriculture.


  As the ice sheet stagnated and melted in place, or the margin continuously retreated, debris carried within the ice was left as a blanket of “till” (all the green in Figure 1.2), by far the most common glacial deposit in Maine. In most settings till contains abundant material derived from the underlying bedrock, but there are dramatic exceptions. Large boulders of Lucerne Granite were transported by the ice at least 30 miles to the summit of Cadillac Mountain and South Bubble (Bubble Rock) where the bedrock is Cadillac Granite (see Frontispiece). Such transported boulders are called “erratics” because they do not match the local bedrock. Maine’s largest erratic, Daggett Rock in Phillips, weighs approximately 8,000 tons.
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  Figure 1.6. The Whalesback esker is discontinuous but may extend from Katahdin about 120 miles southeasterly to the Deblois Delta, where the sub-ice river emptied its sediment load directly into the ocean (Figure 1.4). As you drive northwest along the Aurora Whalesback, you look down more than 50 feet to a wetland on the right that was flooded with seawater 15,000 years ago; the left side of the esker has been deeply mined for gravel.


  Sand dunes are quite common on the east side of major south-flowing rivers where prevailing westerly winds carried sand from glacial deposits such as riverine floodplains. Their ages must date to between 15,000 and 13,000 years ago, when loose surficial material was easily eroded because vegetation was not yet well established after deglaciation. Dune fields are hard to identify in Maine’s forests, but on cleared agricultural land they can be visible as grass-covered, irregularly shaped, and discontinuous mounds, typically 5 to 20 feet high. Indeed, the so-called Desert of Maine near Freeport has long been a popular tourist attraction.


  Maine’s current landforms (geomorphology) have been shaped by about 300 million years of chemical and physical weathering, at least 400,000 years of glaciation, and 200 years of human machinery. The most resistant rocks, typically igneous and metamorphic, remain as hills and mountains despite the enormously abrasive effects of moving ice sheets. Lower down, we commonly find lake basins. Some trend northeast–southwest, reflecting alternating layers of hard and soft rock-types (remember the rugs experiment?); some trend northwest to southeast, the direction of ice flow (Figure 1.7).
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  Figure 1.7. Preferred lake orientation in the Lucerne Granite (blue), southeast of Bangor. Other lakes to the east and west are not as strongly oriented. Bangor to Ellsworth is 25 miles. The three bold lines just southeast of Bangor are the Norumbega Fault Zone. (Modified from Osberg et al., 1985)
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  Figure 1.8. Staircase Falls on the East Branch of the Penobscot River, in the Katahdin Woods and Waters National Monument. The exposed sedimentary bedrock, seen across the river, dips to the left. The outcrops are alternating sandstone, thinly and thickly bedded, soft and tough, respectively. This valley likely predates the recent glaciation of the area, but the river has subsequently eroded downward at least 10 to 15 feet, exposing these outcrops.


  Even waterfalls can mark the transition from more resistant (upstream) to less resistant (downstream) bedrock (Figure 1.8).


  Have you noticed that bedrock-topped hills are steepest on their southeast faces? This results from a process called “plucking,” in which slow-moving ice on the lee (downstream) side freezes to the underlying rock, pulling material away from that surface. Good examples include The Beehive in Acadia, Peaked Mountain and its neighboring hills east of Bangor, and Mount Kineo (see Box 1.1).
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  BOX 1.1.


  The iconic Mount Kineo, across Moosehead Lake from Rockwood, was visited by Henry David Thoreau, who wrote about it in The Maine Woods (1909), quoting from Charles T. Jackson’s Report on the Geology of Maine (1838). The northwest end (left) of this near-island is metasedimentary rocks; the cliff-forming part is rhyolite (chemically equivalent to granite but finer-grained from more rapid cooling); and the southeast end is metasedimentary material—all about 410 million years old. The very fine-grained rhyolite fractures along curved surfaces, permitting it to be shaped into arrowheads, spear points, and other implements by Native Americans. Material from this locality was widely dispersed by trading. The profile of Mount Kineo is partly controlled by bedrock durability, and partly by glacial action (plucking). Mount Kineo is now owned by the state, and is reachable by public ferry or private boat from Rockwood in the summer and over the ice in winter, or via a long drive on logging roads from Kokadjo. Trails to the top provide splendid views.



  The amphitheater containing Chimney Pond (a “tarn” in geology terms) on Katahdin was similarly carved, but likely by successive alpine glaciers. Steep-sided hills on igneous rock may have blocks of bedrock near the summit that were pulled apart but not removed. Nice examples of “arrested plucking” are visible near the tops of Great Pond Mountain in Orland and Cadillac Mountain in Acadia. In these cases, the rocks were pulled apart slightly, a foot or more, but then remained in place as the ice stagnated and melted, like pieces of a partly assembled puzzle.


  Lakes are a prominent feature of the Maine landscape, numbering into the thousands depending on the size threshold you choose (see Chapter 5, “Lakes”). Glaciers are the main reason Maine is so richly endowed with lakes. Many basins were eroded from bedrock; many others formed where moraines dammed streams. Glaciers also generate a unique lake type called “kettles”: sites where glacial outwash covered residual blocks of ice that melted later, leaving a depression. Some of these depressions remain dry, but about 100 in Maine have filled with water to form lakes, reflecting the groundwater depth. Most are quite small, but Sebago Lake, Maine’s second largest, may be in part a kettle lake. Lake sediments begin to accumulate as soon as the basin is formed and, given enough time, will fill the basin allowing first a wetland to develop and, ultimately, dry land—assuming another glacier does not come along and sweep the basin clean again. Finally, the hand of humanity has been very active in creating new lakes by damming rivers and streams, or in enlarging existing lakes by damming the outlet. Facilitating river drives to move logs to mills used to be an impetus for dam building, but hydropower has always been the main motivation, whether for a sawmill or gristmill in the 18th century or hydroelectric power today.


  The chemistry of water: Much of geology operates on very large scales—tectonic plates and millions of years—but in this final section we focus on the other end of the spectrum of time and space, like motes of sea salt carried by a snowflake in a fleeting storm. The medium for this discussion is water. Water, along with carbon dioxide from the atmosphere and various nutrients derived from soil and bedrock, is one of the three ingredients that plants need for the photosynthesis that underpins almost all ecosystems, whether in the forest or surface water.


  The highly variable chemistry of the water in Maine soils, lakes, and streams is determined by drainage; topography; soil and its parent material; bedrock type; terrestrial vegetation; lake morphometry; land use; and climate. Landscapes of low relief and poorly drained soils, especially wetlands like bogs and fens, typically feed brown water to streams and lakes. Brown foam pillows in rapidly tumbling streams are a sign of dissolved organic matter, analogous to tea, coffee, or Moxie, but not industrial pollution. The acidity of Maine lakes ranges naturally from less than pH 5 to greater than pH 8, which amounts to more than a 1,000 times range in the concentration of hydrogen ion. Phosphorus, a limiting nutrient that controls biological productivity on land and in water, varies naturally by a factor of 5; nitrogen used to be in short supply, but with acid rain and fertilizers, there is now a surfeit in many systems; calcium (important for many shelled organisms) ranges by a factor of 10 in water, in parallel to alkalinity (the capacity of water to resist changes in pH). All in all, the “nutrient soup” for terrestrial and aquatic life in Maine is variable indeed, and the diversity of organisms reflects the variability.


  The Atlantic Ocean is a source of marine aerosols (tiny droplets of sea spray) that deliver a mixture of useful seawater elements from coastal Maine to as far as 75 miles inland during a “nor’easter.” For example, one species of lichen (Xanthoria parietina) occurs almost entirely within a narrow coastal belt. Sodium in the aerosols interacts with acidic Maine soils, creating acidity in runoff during rainstorms. Lower pH generated in this fashion can cause fish kills in small streams, as toxic aluminum is released from the soil. Coastal bog ecosystems commonly have shells that have been dropped by gulls—yet another delivery system for calcium and magnesium.


  Land-use changes since the European invasion about 400 years ago have eroded landscapes, mobilizing phosphorus into streams and lakes, and thereby increasing aquatic productivity. Large quantities of phosphorus, nitrogen, and calcium have also been released through agricultural application of fertilizers. Wintertime use of road salt has increased the concentrations of sodium, calcium, magnesium, potassium, and chloride in runoff, with biological repercussions. Repeated cycles of tree harvesting in nutrient-poor ecosystems have depleted many watersheds of critical nutrients that would normally be recycled. Air pollution has added toxic metals to the surface of Maine, including cadmium, lead, and mercury. Happily, all these negative processes are now declining because of regulations at the town, county, state, and federal levels. Despite these problems (not unique to Maine), our ecosystems are currently in better condition than those of many states, and they are improving thanks to pollution control and improved land-use practices. We are fortunate to live in one of the finest regions of healthy, diverse, and beautiful ecosystems in the world. Looking forward, we know that as climate continues to change (Chapter 2, “Climate”), the basic geologic foundations of our diverse ecosystems will remain, providing the arena for new and diverse ecosystems.


  I have also evolved since finding that enigmatic crystal of black tourmaline in the early 1950s. My career started in bedrock geology and continues with studies of the interaction of water with human activities, geologic materials, soils, streams, lakes, and lake sediments, all of which impact the productivity of Maine’s fresh waters and forests. It has been an interesting and fun trip.


  Stephen A. Norton, associated with the University of Maine since 1968, is professor emeritus in the School of Earth and Climate Sciences since 2008. His research started in bedrock geology and has evolved to environmental aquatic geochemistry—soil water, groundwater, streams, and lakes—and interactions with humans. He enjoys figuring out why water has the chemical characteristics that it does and then explaining it to interested people.


  George L. Jacobson, who joined the faculty of the University of Maine in 1979, is professor emeritus of biology, ecology, and climate change. His early interest in plant ecology led him to investigate how climate has influenced vegetation over thousands of years, and then to how plants have influenced Earth’s climate itself. His work in paleoecology has been instrumental in the development of priorities for land conservation.


  Artist: Although Kathleen Thornton spends most days doing marine science, on her days off, she can often be found roaming the terrestrial habitats of Maine. She grew up in the state and has a deep appreciation and respect for its people, wildlife, and the natural treasures. Being raised in a family talented in both the arts and sciences, she has pursued both. In addition to managing a marine research laboratory, she is also an accomplished artist, currently working in acrylic and oil.



  Recommended Readings


  Borns, H. W., Jr. (2007). Maine ice age trail map and guide: Down East. Apple free download available (2015 version). https://iceagetrail.umaine.edu/


  Caldwell, D. W. (1998). Geology of Maine. Mountain Press. [A guidebook, with an introduction to geology, that breaks the state into small areas with a travel guide. It is useful to keep in the glove compartment!]


  Loiselle, M. (2002). Simplified bedrock geologic map of Maine. MGS, Open File Map SBGMM, 1:2,000,000. Maine Geological Survey.


  Loiselle, M. (2003). Simplified surficial geologic map of Maine. MGS, Open File Map SBGMM, 1:2,000,000. Maine Geological Survey.


  Maine Geological Survey. (n.d.). https://www.maine.gov/dacf/mgs
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  CHAPTER 2


  CLIMATE Four Degrees of Latitude Drive a Unique Heritage


  George L. Jacobson with Sean D. Birkel, Stephen A. Norton, and Brenda L. Hall


  Why Is Maine’s Climate So Variable?


  HAVE YOU EVER WONDERED WHY Maine has so many diverse environments in such a relatively small area? From most places in the state, a drive of just an hour or two could bring you to a coastal salt marsh, a lovely mixed forest, a roaring stream, an interesting peat bog, or the base of a mountain that rises well above tree line. Perhaps you have a couple of days to explore. You might start from York County some April morning, enjoying the daffodils in the yard. Spring is well under way. But bring your cross-country skis or your snowshoes! Six hours later you could find yourself at the world-class Nordic biathlon facilities at Presque Isle or Fort Kent, both open for public skiing. Before setting out on the well-prepared trails, attach a few daffodil blossoms to your hat. Quite likely, someone will ask you where they came from, because it will be quite a few weeks before daffodils bloom in Fort Kent. Or perhaps you drive instead to Saddleback or Sugarloaf for some downhill skiing. Even with the longer, warmer days of spring, the snow conditions on that April day might be some of the best of the season, especially near tree line at the top. What a different world from Kittery! A good quantification of this point: the average frost-free season is only about 160 days in Fort Kent versus around 200 days in Kittery.



   In early September 1846, Henry David Thoreau set out to climb Katahdin guided by Louis Neptune, a Penobscot with a deep knowledge of the woods and waters of that area. Neptune agreed to lead Thoreau to the base of the mountain, and from there Thoreau and two companions moved upward through the forest, climbing over boulders and through the trees up the flank of the intimidating mountain. As they continued upward, Thoreau noticed that the forest contained fewer and fewer tree species. Eventually they were moving through a scrubby forest of spruce and birch. As Thoreau alone labored up a long ridge beyond the short and windblown trees, he encountered small, sometimes unfamiliar plants. Finally, he found himself on a completely open landscape he described as a “table-land,” a windswept alpine zone with no trees at all—just many small plants that barely rose above the ground. Because of wind and swirling clouds, Thoreau never made it to the summit of Katahdin, though he wondered whether perhaps the highest mountains were not meant to be conquered. His experience forever changed his outlook on life and nature.




  Together with its complex geology and topography (see Chapter 1, “Geology”), Maine’s diversified climate produces environments that support many more species than one might expect. The climate ranges from continental (with warm summers and cold winters) in the north, to maritime influenced along the southeast-facing coast (cooler summers and moderate winters). Precipitation (rain and melted snow) ranges from about 45 inches on the coast (roughly 9 inches as snow) to about 36 inches in the north (about 12 inches as snow). Since 1895, temperatures across the state have ranged from a high of 105°F (1911) to a low of minus 50°F (2009). (More on this later!)


  As we shall see, Maine’s climate has changed enormously since the end of the last Ice Age and, as we are all too aware, more changes are certain for the future. Three important trends account for most of the geographic variability in Maine’s climate: First, we all notice the large range of elevation and local relief from sea level to substantial mountains, with dozens reaching above tree line and crowned by Katahdin at 5,269 feet plus a cairn. This altitudinal gradient produces warm maritime climates along the coast and cold alpine environments well above the tree line. The same has been true for thousands of years.


  If you are ever hiking up Katahdin, remember to notice the changes in vegetation that accompany the climate gradient (see Chapter 9, “Alpine Summits”). It is essentially the same gradient you would see if you flew roughly 1,000 miles north from Bangor, up through southern Quebec, continuing beyond the northern edge of the boreal forests and finally to the shores of Hudson Strait in very northern Quebec. You would find yourself in a tundra with not a tree to be seen because you would have covered much the same climate gradient you did while climbing Katahdin. Furthermore, some of the small plants at your feet would be the same species you saw on the tableland of Katahdin; above the Arctic Circle, the several winter months of cold and darkness don’t bother the dormant plants. And those pesky blackflies swarming around would be familiar too.
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  Figure 2.1. Map of annual extreme minimum (winter) temperatures based on the methodology and color scheme used by the US Department of Agriculture (USDA) to define plant hardiness zones. In just 4° of latitude the zones in Maine are equivalent to those present in 10° of latitude from northern North Dakota to central Kansas. This map was produced by the authors for this publication and is not an official USDA product. (Data source: PRISM [https://prism.oregonstate.edu/])


  Extreme differences in climate from continental northern Maine to the much milder maritime region in the south are endpoints of an unusually steep (compressed) climate gradient. Within just 4° of latitude, Maine’s winter minimum temperature spans a range equal to nearly 10° latitude from North Dakota to Kansas in central North America (Figure 2.1). This steep gradient is even more apparent in the character of Maine ecosystems. For a nice example of this, compare Maine’s peatlands with those of central Europe. The simple domed bogs of southern Maine resemble those in southern Poland, while the striking “string bogs” or “ribbed fens” of northern Aroostook County match those in northern Finland—a span of 20° latitude across Europe.


  A third source of climate variability involves the upwelling cold water associated with the large (up to 40 feet) twice-daily tides in the Bay of Fundy. That mechanical mixing generates a coastal current of water that becomes warmer during its counterclockwise movement to southern Maine. Not surprisingly, this gradient in water temperature along the coast from Eastport to Kittery is an important source of diversity in Maine’s marine ecosystems, but it profoundly affects nearby terrestrial ecosystems as well. The cool, moist, foggy conditions favor spruces draped in lichens—the quintessential forests of the Downeast coast. These are punctuated in places by unusual peatlands known as “plateau bogs” reminiscent of Newfoundland.


  The waters of the Gulf of Maine are important to Maine’s climate for many reasons. During the summer, ocean water is a heat sink, absorbing thermal energy from radiation and moderating high temperatures. In winter months, the Gulf of Maine radiates thermal energy to the atmosphere, reducing the severity of winter temperatures along the coast. Therefore, Great Wass Island in Washington County (a Nature Conservancy Reserve near Jonesport and Beals Island) has among the warmest winters and the coolest summers of any place in Maine. The reason for that odd combination lies with the low temperature of the waters that emerge from the Bay of Fundy (≈ 40°F in the winter and ≈ 50°F in the summer).


  An interesting and unique characteristic of water is that its greatest density is at ≈ 40°F, decreasing at both lower and higher temperatures; furthermore, its solid phase is less dense than its liquid phase. (This is why ice cubes float.) All other fluids become denser as they approach freezing point, and even denser as a solid. As a result, the dense bottom waters of the Gulf of Maine often have temperatures close to 40°F. That cold, dense water is mixed with warmer surface water by the tides of Fundy, eventually forming the Coastal Current. Thus, water at 40°F provides a nice, warm, winter jacket for Downeast Maine.


  Recent Changes in Maine’s Climate


  Old timers love to tell stories about having to dig tunnels through the snow to get out to the barn to milk the cows. Such recollections can be quantified by comparing maps in (Figure 2.2). Continuous instrumental records of temperature and precipitation dating back to 1895 for locations across Maine show significant warming across those 125 years, with shorter, milder winters being one of the more obvious changes (Figure 2.3).


  The cold winters of the early 1900s occasionally produced thick sea-ice in the harbors of coastal Maine (see Figure 2.4). In some years, the ice was thick enough to support heavy loads that were hauled on shortcuts across the bays, something that would never be possible now. The following story from the Bangor Daily News in 1918 recounts ice in Belfast Bay in mid-coast Maine:


  Scientists agree that a significant portion of the global warming since about 1980 has been driven primarily by the combustion of fossil fuels, adding CO2 to Earth’s atmosphere. This effect is enhanced by anthropogenic releases of methane, an even more potent greenhouse gas, which accounts for ≈ 25% of the warming. Indisputable laws of physics and chemistry require that the increasing concentrations of atmospheric CO2 and CH4 (methane) trap more heat radiated from Earth’s surface.


  Water vapor, yet another greenhouse gas, consists primarily of evaporated ocean water. When water vapor condenses into clouds, their heat-trapping properties are substantial. For example, experience tells us that temperatures are generally relatively warm (often around 20°F) during winter snowstorms, but after the storm if we see a clear night sky, crowded with galaxies, we think, “Tonight will be a cold one!” And that will likely be true, because drier air allows radiant heat to escape into the atmosphere. A clear, cold (–25°F), dark night on a farm in Aroostook County can provide spectacular views of the heavens and occasional breathtaking displays of the Aurora Borealis, or northern lights, all because the water vapor and clouds have moved on. But water vapor in summer produces a very different experience. The hot, humid days of August are uncomfortable precisely because water vapor traps some of Earth’s radiant heat near the surface, and, also, because it prevents our perspiration from evaporating. Maine’s best summer days are dry and comfortable, with the moist air elsewhere.
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 Figure 2.2. Recent changes in extreme minimum annual temperature illustrate significant warming during the winter season. The maps here illustrate the northward movement of plant-hardiness zones between the periods 1981–2000 and 2001–2020. These maps were produced by the authors for this publication from daily minimum temperature measurements and are not an official USDA product. (Data source: PRISM [https://prism.oregonstate.edu/])
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 Figure 2.3. Continuous instrumental records of annual anomalies for temperature (top) and precipitation (bottom) dating back to 1895. The water year spans October 1 through September 30 of the following year to include contiguous winter months. Anomalies are a comparison for individual years with the the baseline 1901–2000 climate average. (Data source: NOAA Climate at a Glance [https://www.ncdc.noaa.gov/cag/] and the Maine Climate Office [https://mco.umaine.edu])
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  Figure 2.4. Penobscot Bay froze over with sea ice during some of the coldest winters of the 19th and early 20th centuries, such as shown in this photograph of the Revenue Cutter Levi Woodbury with the ice 15 inches thick in Belfast Harbor in 1905. The horses pulling ice plows created a channel for the icebreaker. The winter of 1933–1934 was the last with extensive ice in Penobscot Bay, when it reached as far south as Rockland.



   Belfast, Feb 24—Automobiling across the bay from Brooksville and Castine has come to be a regular thing now. The pathfinder Ford which made history Friday by being the first car to cross the bay on the ice, made four trips Saturday to Brooksville . . . towing a horse-sled loaded with over a ton of grain and provisions . . . and making the 12 miles across in about 25 minutes. [Today the distance by road is 42 miles, and it’s a 60-minute drive!] The car took to the ice at Goose Falls, or Harborside, and came across to Turtle Head, then up the Belfast harbor. . . . Other cars came over Sunday and Penobscot Bay turned into something of a boulevard.




  Interestingly, the general warming of recent decades (Figure 2.3) does have occasional exceptions. On the morning of January 16, 2009, temperatures at the Big Black River weather station in far northern Maine fell to minus 50°F—the coldest recorded in Maine during the period of instrumental records. The January 2009 event had interesting consequences. At the time, one of us (GLJ) was serving as the Maine state climatologist. What follows is his first-person account:



   Early on the morning of January 16th I was contacted by a colleague at the Caribou office of the NOAA National Weather Service (NWS). He called to report the extremely cold reading, and to ask me to join a special committee that would determine whether the event could be certified officially as an all-time cold record for Maine—supplanting a 1925 reading of minus 48°F from Van Buren. This turned out to be an interesting process, beginning with a conference call that included representatives of the Caribou NWS, the US Geological Survey (USGS) (whose instruments made the measurement), the NOAA Northeast Regional Climate Center, the NOAA National Climate Data Center, and me at the University of Maine’s Climate Change Institute. One key issue was whether other instruments in the region showed similarly low readings; they did. Another concerned the electronic instrument used at the Big Black site and whether it was rated to such a low temperature; it wasn’t. Thus, some testing was required. Identical instruments were obtained from the manufacturer and sent to a national testing facility that specialized in very cold temperatures. That facility was in Mississippi, of course. The instruments performed perfectly down to minus 50°F and well beyond. Thus, the frigid event was officially certified as the all-time coldest temperature measured in Maine. A subsequent press conference attracted significant media attention. Long-term global warming may be a crisis for humanity, but a cold night in Maine is an INTERESTING STORY. I pointed out that Maine almost surely had temperatures lower than minus 50°F during the last Ice Age. The blank stares let me know that my attempt at humor, even though true, had missed the mark. News stories about our minus 50°F night were published across the country, and as far away as India.




  Does that cold night in January 2009 mean that the climate isn’t warming? No, but it does serve as a good example of the difference between weather and climate. Climate describes average conditions over many years—in other words, what can be expected for a certain time of year. Weather, on the other hand, is what occurs on a day-to-day basis because of very short-term variability of Earth’s atmospheric circulation. For example, at that timescale, rapid changes in variables such as temperature, atmospheric pressure, and moisture produce our daily weather. Therefore, our usual National Weather Service (NWS) weather forecasts generally span just a few days, sometimes a bit more.


  Despite the general warming that Maine has experienced and likely will continue to experience, we shouldn’t be surprised by individual extreme weather events that can arise from natural variability. Depending on the extent of future global greenhouse gas emissions, annual average temperatures in Maine are projected to increase by 2°F to 10°F in Maine by the year 2100 (in addition to the 3°F increase since 1895). Even so, that doesn’t preclude a very cold January night in 2057.


  In Maine, annual precipitation has increased over the past century by an average of about 6 inches, with much of the additional precipitation coming during the summer and fall months. Recent decades have experienced an increase in heavy, or extreme, precipitation events. For example, an analysis of such events in Farmington, Maine, shows that the decade 2005–2014 had the most 2- to 4-inch daily rainfall episodes of any decade on record. More broadly, the northeastern region of the United States has had larger annual increases in heavy-precipitation events than other parts of the United States. These trends are driven in part by increased evaporation of the warming oceans—a process that is expected to accelerate. Conversely, despite an overall increase in annual precipitation, warmer temperatures in the future may lead to more episodes of intense dryness or droughts during late summer months.


  Long-Term Climate Variability: Change Is the Norm


  Beginning about 2.6 million years ago, Earth began to experience the Quaternary Ice Ages. For the past 1 million years each ice-age cycle has spanned roughly 100,000 years. During the most recent glaciation, the ice sheet reached its maximum extent between about 24,000 years ago and 18,000 years ago (termed the Last Glacial Maximum [LGM]). Throughout that period, even Katahdin and much of the Gulf of Maine were covered by a thick layer of glacial ice (see Chapter 1, “Geology,” and Figure 2.5). After the LGM, the massive Laurentide Ice Sheet melted rapidly, exposing a fresh landscape available for colonization by plants and animals. Maine’s earliest post-glacial landscapes were exposed as early as 16,500 years ago on high areas of Katahdin, the Dixmont and Lucerne hills, and Mount Desert Island (the ice sheet was thinner at its southern margin). As the ice in Maine disappeared, the early tundra-like landscapes were eventually invaded
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 Figure 2.5. Maps reconstructing the landscapes of Maine and its neighboring provinces for the period 16,500 years ago to 10,000 years ago. Treeless, tundra-like vegetation first colonized the newly deglaciated surfaces. Scattered poplar trees formed an open woodland, and then spruce trees arrived from the south, joining the poplars in the woodland. Eventually balsam fir, oak, maple, pine, hemlock, and other taxa expanded from the south to form the closed, mixed forests similar to those that characterize Maine today. The evidence for the vegetation and ice positions comes from studies of glacial geology and paleoecology (pollen and other fossils in lake-sediment cores). (After Davis & Jacobson, 1985 [modified significantly in accord with recent research findings]; graphics by Kacie Bond)


  by trees from southern New England (Figure 2.5). Over the next few thousand years, familiar tree species such as poplars, balsam fir, oaks, maples, white pine, and hemlock gradually became part of Maine’s developing forest.


  The earliest (oldest) sediments deposited in low-elevation Maine lakes contain pollen, leaves, and seeds of plants that currently grow on the treeless tablelands of Katahdin and the White Mountains of New Hampshire, and in the treeless Arctic tundra of northern Canada. (Do you remember that flight to northern Quebec described earlier?) As the climate became warmer, tree species expanded northward and to higher elevation, eventually creating something like the continuous, diverse forest we have today (Figure 2.5). Ongoing climate change produced changes in distribution and abundance of taxa across eastern North America. Post-glacial changes in Maine’s climate are embedded in other patterns of much longer-term variability, including three “orbital forcing” cycles—Tilt, Eccentricity, and Precession of the Equinoxes—that are the timekeepers of the Quaternary ice ages (Figure 2.6). The Precession of the Equinoxes is highly relevant to Maine’s climate during the Holocene—the present warm interglacial period.


  A consequence of the precession cycle is that during summers of the early Holocene, roughly from 11,000 to 6,000 years ago, Maine received slightly more solar energy per unit area than is the case today and, in winters, slightly less. The extra summer heat created warm, dry conditions that led to fires and fire-adapted forests as evidenced by the abundance of small, charred particles from sediments of that age as well as pollen grains from pine, birch, and other plants adapted to fire and drier conditions. The dry early-Holocene summers were likely not ideal for vernal pools, ephemeral streams, and other shallow aquatic ecosystems that are subject to drying up. Similarly, research has shown that lakes in Maine (even enormous Moosehead Lake
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  Implications for the Future of Maine’s Ecosystems
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  Recommended Reading


  



  ADDITIONAL READINGS ABOUT MAINE’S NATURAL HERITAGE


  Alison C. Dibble


  The “Key Sources” listed in the next section are for those who want to pursue deeper background underlying a chapter or species profile. Here, we offer some books that you might want to read or add to your library. This is just a sample; space prevents us from including many other excellent works.


  Times Gone By


  Above the Gravel Bar: The Native Canoe Routes of Maine, by D. S. Cook (2007)


  At the Place of the Lobsters and Crabs: Indian People and Deer Isle, Maine, 1605–2005, by W. A. Haviland (2018)


  Early Maine Wildlife: Historical Accounts of Canada Lynx, Moose, Mountain Lion, White-Tailed Deer, Wolverine, Wolves, and Woodland Caribou, 1603–1930, by W. B. Krohn and C. L. Hoving (2010)


  Forest Life, Forest Trees, by J. S. Springer (1851)


  John Josselyn, Colonial Traveler: A Critical Edition of Two Voyages to New-England, edited by P. J. Lindholdt (1988; accounts of Josselyn’s visits to the province of Maine in 1638 and 1663)


  The Maine Woods, by H. D. Thoreau (1864 publication about visits in 1846, 1853, and 1857)


  The President’s Salmon, by Catherine Schmitt (2008)


  The Wildest Country: A Guide to Thoreau’s Maine, by J. P. Huber (2008)


  


  Experiencing Maine and Its Natural Heritage



  Blueberryland: Taming the Maine Wild Lowbush Blueberry, by W. Staples (2003)


  Katahdin: An Historic Journey—Legends, Exploration, and Preservation of Maine’s Highest Peak, by J. Neff (2006)


  My Wilderness: East to Katahdin, by W. O. Douglas (1961)


  “Rachel Carson’s Sense of Time: Experiencing Maine,” by S. Kaza (2010) (Interdisciplinary Studies in Literature and Environment, 17[2], 291–315)


  Ravens in Winter, by B. Heinrich (1989); also by Heinrich: One Man’s Owl (1993), A Year in the Maine Woods (1995), The Trees in My Forest (1998), Bumblebee Economics (2004), Winter World (2009), Summer World (2010), Seasons in the Northern Forest (in press)


  We Took to the Woods, by L. D. Rich (1942)


  


  Guides to Fauna, Flora, and Geology



  Ancestral Plants: A Primitive Skills Guide to Important Edible, Medicinal, and Useful Plants of the Northeast, vols. 1 and 2, by A. D. Haines (2010)


  Bogs and Fens: A Guide to the Peatland Plants of Northeastern United States and Adjacent Canada, by R. B. Davis (2016)


  Fishes of Maine, by H. W. Everhart (1918)


  Fishes of the Gulf of Maine, by H. B. Bigelow and W. C. Schroeder (1953)


  Forest Trees of Maine (Centennial edition, 1908–2008), Maine Forest Service, https://www.maine.gov/dacf/mfs/publications/handbooks_guides/forest_trees/index.html


  The Freshwater Mussels of Maine, by E. J. Nedeau, M. A. McCollough, and B. I. Swartz (2000)


  Geology of Maine, by D. W. Caldwell (1998)


  Grasses and Rushes of Maine, by G. Mittelhauser et al. (2019)


  Maine Amphibians and Reptiles, by M. L. Hunter, A. J. K. Calhoun, and M. A. McCollough (1999)


  Butterflies of Maine and the Canadian Maritime Provinces, by P. deMaynadier et al. (in press)


  Maine Birds, by P. Vickery et al. (2020)


  Maine Ice Age Trail Map and Guide, by H. W. Borns (2007)


  Maine’s Endangered and Threatened Wildlife, by M. A. McCullough et al. (2003)


  Maine’s Natural Heritage: Rare Species and Unique Natural Features, by D. Bennett (1989)


  Micmac Medicines, Remedies and Recollections, by L. Lacey (1993)


  The Plants of Acadia National Park, by G. Mittelhauser et al. (2010)


  The Plants of Baxter State Park, by G. Mittelhauser et al. (2016)


  Sedges of Maine: A Field Guide to the Cyperaceae, by M. Arsenault et al. (2013)


  Wild Mammals of New England, by A. J. Godin (1977)


  


  Ecology and Conservation



  Beyond the Beauty Strip, by M. Lansky (1992)


  Bogs of the Northeast, by C. W. Johnson (1985)


  The Changing Nature of the Maine Woods, by A. M. Barton, A. S. White, and C. G. Cogbill (2012)


  Confluence: Merrymeeting Bay, by F. Burroughs (2006)


  The Edge of the Sea, by R. Carson (1955)


  The Lobster Coast: Rebels, Rusticators, and the Struggle for a Forgotten Frontier, by C. Woodward (2004)


  Natural Landscapes of Maine: A Guide to Natural Communities and Ecosystems, by S. C. Gawler and A. Cutko (2018)


  Project Puffin, by S. W. Kress and D. Z. Jackson (2015)


  Seaweed Chronicles, by S. H. Shetterly (2018)


  To Save a River, by S. Dickerson and D. Shultz (2002)


  


  Wabanaki Culture and History



  American Beginnings: Exploration, Culture, and Cartography in the Land of Norumbega, edited by E. W. Baker et al. (1994)


  The First Blade of Sweetgrass, by S. Greenlaw et al. (2021)


  The Gatherings: Reimagining Indigenous-Settler Relations, by S. Hager and Mawopiyane (2021)


  Notes on a Lost Flute, by K. Hardy (2009)


  Twelve Thousand Years: American Indians in Maine, by B. J. Bourque (2004)


  


  Maps and Travel Guides



  Best Nature Sites: Midcoast Maine, Route 1 Corridor Brunswick to Belfast, by T. Oppersdorff and K. Schabert (2011)


  Best Seashore Nature Sites: Midcoast Maine, Public Preserve for Marine and Upland Exploration, by D. FitzGerald, T. Oppersdorff, and K. Schabert (2015)


  Maine Atlas and Gazetteer, by DeLorme (see the chapter by Zip Kellogg in this volume)


  


  Fiction Set in the Maine Outdoors



  Barkskins, by A. Proulx (2017)


  Hatchet Island, by P. Doiron (2022; Mike Bowditch mysteries about a Maine game warden)


  A Skeptic’s Luck, by A. D. Morel (2013; Maine suspense fiction)


 


  Not Just for Kids



  Blueberries for Sal, by R. McCloskey (1976)


  Charlotte’s Web, by E. B. White (1952)


  One Morning in Maine, by R. McCloskey (1952)


  A Seal Called Andre, by H. Goodridge and L. Dietz (1975)


  The Secret Bay, by K. Ridley (2015)


  The Secret Pool, by K. Ridley (2016)



  Alison C. Dibble has been pursuing the natural history of Maine since the early 1970s, and she has been collecting books all that time.
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  Aram J. K. Calhoun is a professor emerita of wetland ecology and conservation who worked for decades at the University of Maine in Orono, Maine. Her research focused on wetland conservation and policy with a concentation on vernal pool ecosystems. She has lived in Maine for 33 years and, even so, will never be considered “a Mainer” although she is a Mainer at heart. Along with her husband Mac (a ninth-generation native), she savors spending time exploring Maine’s waters (via skates, sea kayak, canoe . . .), wetlands (with muck boots, waders, skis, snowshoes), and forests and mountains (even more gear!). The love of Maine, regardless of arrival time, created the book before you.


  Malcolm L. Hunter Jr. recently retired after 43 years at the University of Maine where he focused on conserving ecosystems for biodiversity, especially the interface between forestry and wildlife management. He grew up in Damariscotta, where his family roots reach back to 1760, but as he has written, “Maine is not the universe; it’s just the center of the universe.” Thus he and Aram, his wife, have balanced exploring the length and breadth of Maine with traveling the globe in a quest to see all the families of vertebrate animals, an impossible goal because of deep-sea fishes, burrowing snakes, and other cryptic creatures.


  Kent H. Redford is a conservationist with a history in academia and conservation organizations. He left the mainstream to move to Maine to become an independent practitioner and consultant (Archipelago Consulting). Kent, Pamela, their two indoor cats, and their dog Biscuit live in Portland and roam the state whenever possible, with a particular fondness for alewife restoration spots. They are proud to be contributing to conservation of the West Branch of the Union River.


  Laura Zamfirescu was born in Romania, educated in economics, and moved to Maine in 2009. Here she developed a passion for photography after receiving a camera as a gift from her husband. After trying weddings, family portraits, and other events, she found her true calling in wildlife photography, and for the last five years, she has focused much of her time on photographing Maine wildlife, from hummingbirds to moose. An experienced and certified drone pilot, Laura also captures breathtaking scenic shots. She says, “If I can inspire people to experience all that nature has to offer, I have achieved my goal.” Among her many accolades, she was featured on the cover of Down East magazine in December 2021, provided the cover for Maine’s official travel planner and road map for 2021, and is a three-time prize winner in the Down East magazine photography contest.

    
[image: bck_fig_003]

    
[image: bck_fig_004]

    
[image: bck_fig_005]



OEBPS/Images/bck_fig_002.jpg





OEBPS/Images/chpt_fig_006.jpg
4@ Ice margin,
. now forested

Braided streams
@, 7 )
Delta Kettles J of- 4

T, surface %ﬁ ] e =

) iy :

7y e .
/ | Beach
/ 1) i A=A o

/] ‘A ety s )

ridges
A ] Figure 1.4c %
%





OEBPS/Images/chpt_fig_019.jpg
1,000 years ago 500 years ago Present






OEBPS/Images/chpt_fig_014.jpg
Average Annual Extreme Minimum Temperature (°F)
1981-2000

Average Annual Extreme Minimum Temperature (°F)
2001-2020






OEBPS/Images/chpt_fig_010.jpg





OEBPS/Images/chpt_fig_013.jpg
Average Annual Extreme Minimum Temperature (°F)






OEBPS/Images/chpt_fig_018.jpg
(a) (b)

)9°_°

Tit Eccentricity
i
Precession of the equinoxes
(© (d)
&3 Mar 20 R Sep 22
Jun 21 Dec 21
? Dec 21 ® Jun 21

Mar 20
Today 11,000 years ago






OEBPS/Images/chpt_fig_009.jpg
ELLSWCgRTH

0 2 4 8 Miles
e |






OEBPS/Images/chpt_fig_005.jpg





OEBPS/Images/chpt_fig_017.jpg
- Mixed Woodland

Bl rorest

- Poplar Woodland Water





OEBPS/Images/chpt_fig_012.jpg





OEBPS/Images/bck_fig_004.jpg





OEBPS/Images/bck_fig_005.jpg





OEBPS/Images/chpt_fig_004.jpg
Simplified
Surficial Geologic
Map of Maine

Recent stream alluvium, including
flood plain, stream terrace, and
alluvial fan deposits.

Recent swamp, marsh, and bog
deposits

Glacial lake-bottom deposits

Glacial stream deposits and glacial-
lake deltas.

Glacial-marine deposits (silt and
clay)

Glacial-marine deposits (sand and
gravel)

Eskers

Till

Bedrock and thin glacial sediment
cover

Marine limit






OEBPS/Images/chpt_fig_008.jpg





OEBPS/Images/frn_fig_001.jpg
FEdited by
Aram ].K. Calhoun,
Malcolm L. Hunter Jr,
Kent H. Redford

Photographs by
Laura Zamfirescu






OEBPS/Images/bck_fig_003.jpg





OEBPS/Images/chpt_fig_002.jpg





OEBPS/Images/chpt_fig_015.jpg
Maine Statewide Temperature Anomaly (°F) [Water Year]
1901-2000 Climate Baseline

Maine Statewide Precipitation Anomaly (in) [Water Year]
1901-2000 Climate Baseline






OEBPS/Images/chpt_fig_016.jpg
v d





OEBPS/Images/chpt_fig_003.jpg





OEBPS/Images/chpt_fig_011.jpg





OEBPS/Images/chpt_fig_007.jpg





OEBPS/Images/chpt_fig_020.jpg





