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PREFACE





This book is a field guide to everything Northwest and montane: it wraps together all of the usual field guide categories under the sun. The key is in the wrapping together, as nature’s parts are infinitely intertwined. So I’m going with “Natural History” in the title to highlight that grand symbiosis, as well as to give a nod to my forebears, the science writers of earlier centuries.


This is essentially an expanded and updated third edition of Cascade-Olympic Natural History. I enlarged the geographic range to include the mountains of southwestern British Columbia and coastal Oregon—mountain ranges with different geologic stories, but absolutely part of the same region as defined by what lives there.


I expanded the coverage with 132 species that I could no longer bear to leave out. (How did I ever think I could skip dragonflies?) More than 100 scientific names have been updated.


I haven’t stopped traipsing around in the mountains, noticing new details, and coming up with new questions I have to find answers to. So revisions are salted throughout the book. And I read scientific literature as it comes out, and go to scientific conferences, gleaning countless fresh bits of information to add or adjust.


In the years since the second edition, hikers have seen wolves and wolverines in the Cascades. You could be the first to spot a fisher, following their reintroduction here, or a grizzly bear. The exceedingly rare Cascades red fox, on the other hand, is seen up close by all too many National Park visitors, since a few foxes have become habituated to food handouts.


That makes five charismatic carnivores with upticks in visibility. Yet threats outweigh the good news for biodiversity overall. Bees, bats, and amphibians, for example, are huge, numerous, ecologically invaluable groups of animals that are seeing dramatic declines.


Salmon populations have put up exciting numbers in some years: Fraser River sockeye in 2010 and Columbia River chinook in 2015 each had their best year in almost a century. These ups and downs remain mysterious. The 2014 Fraser run, after predictions that it would rival 2010, did not. Then “the blob,” a huge pool of abnormally warm water in the northeast Pacific that lasted for most of 2015, took a severe toll on that year’s Fraser run. Indirectly, the blob helped make 2015 Washington’s worst wildfire year since the days when fires ran unimpeded by humans.


Fire is an element in the one subtle but pervasive increased emphasis in this edition: how plants, animals, fungi, rivers, fires, and glaciers are responding to climate change, and what changes scientists predict during our lifetimes. The changes seen here, both in recent decades and in the few decades to come, are milder than those in many parts of the world. But the predictions are sobering. I hope that by spreading awareness of warming’s ramifications I can help spur action to progress beyond the massive release of greenhouse gases.
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ORGANIZATION



Each species account begins with common and scientific names. The word “Also,” when present, lists other names you may see for the same species. An identifying description follows, concluding with notes on likely location, habitat, and sometimes season.


Where descriptions start with just a genus name, like Anemone spp. (“spp.” means species plural) two or more species are then named and described in two or more paragraphs below. The first paragraph (beginning with “Anemone spp.”) lists descriptive characters that all of the following species of Anemone share, and then their separate paragraphs list characters that help you tell them apart. Sometimes the differences are subtle or variable, unfortunately.


To help you find the chapters quickly, their top edges are color-coded. Within these color bars, you’ll find narrower categories written out. In the second half of the book, these categories are taxonomic groups like Carnivores, Songbirds, or Dragonflies, many of them familiar enough that you likely know which one you’re looking for.


In the first half of the book—the plants and the fungi—the marginal “tabs” collectively form a nested key using conspicuous characteristics: evergreen leaves vs. deciduous, alternate leaves vs. opposite, regular flowers vs. irregular (bilaterally symmetrical), flower petals in threes vs. fours vs. fives, and so on. If any of these characters are new concepts to you, they should be easy to learn. Grouping plants by these characters keeps similar plants together, making it easy for you to compare similar things. Since that’s roughly the same idea that got taxonomy started, you’ll often find members of a taxonomic family clustered together.


Up-to-date taxonomy contributes to the sequence in this book, but does not rule: I made a few shifts from the current official sequence of orders (which is based on the sequence in which scientists think they evolved) in order to put similar-seeming orders next to each other—like hawks next to falcons.


Starting with the conifers chapter, here are all the nested key characters in sequence, with page numbers.


CONIFERS


single needles


bunched needles


tiny scalelike leaves


TREES AND SHRUBS


deciduous


trees and tall shrubs


opposite leaves


alternate leaves


catkins


tiny flowers


many stamens


low to medium shrubs, alternate leaves


many stamens


5 stamens


stamens not countable


8 or 10 stamens


broadleaf evergreen


medium to tall


low


HERBS


grasslike


with triangular stems (sedges and cottongrass)


with round, pith-filled stems (rushes)


with round, hollow stems (grasses and cattail)


showy monocots


with 4 tepals, 4 stamens


with 6 stamens (“lilies”)


with 3 stamens (irises)


with irregular flowers (orchids)


dicots


without green parts


composite


with disk and ray flowers (daisy type)


without rays (thistle type)


without disk flowers (dandelion type)


flowers without petals or sepals


with strongly irregular flowers


regular flowers


with 5 petals


5 fused petals, 5 (or 4) stamens


5 separate petals, 5 stamens


10 stamens


15 or more stamens


2 sepals


petals or sepals total 5


with 2 or 4 petals


with 3, 6, or several petals or sepals


FERNS


evergreen


deciduous


CLUBMOSSES AND HORSETAILS


MOSSES


upright, fruiting at the tip


sprawling, fruiting from midpoints


sprawling or hanging


LIVERWORTS


FUNGI


with paper-thin gills under cap


with wrinkles under cap


with fine teeth under cap


with a spongy layer of close-packed tubes under cap


without a distinct cap and stem


LICHENS


crust lichens


leaf lichens


shrub lichens


twig lichens


MAMMALS


Lagomorpha (rabbits)


Soricomorpha (shrews and moles)


Chiroptera (bats)


Rodentia (rodents)


Carnivora (carnivores)


Artiodactyla (cloven-hooved mammals)


BIRDS


Anseriformes (waterfowl)


Gaviiformes (loons)


Galliformes (chicken-like fowl)


Columbiformes (pigeons)


Pelecaniformes (herons)


Charadriiformes (shorebirds)


Accipitriformes (hawks and eagles)


Falconiformes (falcons)


Strigiformes (owls)


Caprimulgiformes (goatsuckers)


Apodiformes (swifts and hummingbirds)


Coraciiformes (kingfishers)


Piciformes (woodpeckers)


Passeriformes (songbirds)


REPTILES


AMPHIBIANS


FISH


INSECTS


Diptera (flies and mosquitoes)


Hymenoptera (bees and wasps)


Homoptera (lacewings and aphids)


Coleoptera (beetles)


minor orders


Odonata (dragonflies and damselflies)


Lepidoptera (butterflies and moths)


OTHER CREATURES


GEOLOGY


volcanic igneous rocks


intrusive igneous rocks


sedimentary rocks


metamorphic rocks










NAMING



For over a century we writers of field guides preached that you readers should learn Latin names because, in contrast to common names, they are used consistently from one region, or nation, or book, or decade, to another.


We lied!


Sorry. Or maybe it was true up until a few decades ago.


For example, the common names red elderberry and blue elderberry have been solidly established for a century or two, but you find three different scientific names for the blue and five for the red, and that’s just in recent, respected floras.


Scientific names are in turmoil. One reason is decentralization. Taxonomic judgments used to be made by a few senior taxonomists at a few major institutions examining animal skeletons or pressed, dried herbarium specimens. Today’s taxonomists have more time and more specimens, and often have seen the live organism in its native habitat, where differences may be more visible. And they have DNA sequencing.


There’s also a divergence between two main functions of scientific names. Carl Linnaeus’s intent was to standardize the naming of organisms so that scientists could communicate about them without confusion. He also sorted organisms into ranked, nested categories based on their degree of similarity.


Linnaeus’s system had served Western science for a century by the time Darwin published On the Origin of Species. At that point, taxonomists began to say that Linnaeus’s ranked, branching categories might also represent a family tree of evolutionary descent. That became the second function of scientific names. It was a marriage of convenience, and like others it often proves inconvenient. Molecular biology offers a level of accuracy in drawing the family tree that Darwin never dreamed of, and taxonomists have leapt at the opportunity. They virtually all agree that scientific names should reflect evolutionary descent, but also that the Linnaean-ranked branches are a terrible fit for the real tree of life. Many have dropped the notion of rank having any absolute meaning; that is, calling something a genus does not mean it is in any way equivalent to other genera in breadth or value, it just means that it groups some species below it, and is grouped within the family above it. (So don’t worry: demoting Animalia from being one of the two kingdoms to being one of several kingdoms within one of three domains does not mean that animals are now less important than Archaea, which are a domain.) But few taxonomists are ready for a divorce from ranked branches.


From the other side of the marriage—field biologists and field guide writers and users—the problem is that the initial purpose of Linnaean names is ill-served: names are well on their way to being too unstable to facilitate communication. Thanks to internet speed, authorities today tend to adopt name changes soon after they are published. In several cases (Stipa, Tamias), authorities drop a long-established name and then readopt it ten or fifteen years later, after a new study comes out.


Recent taxonomic revisions split a species (or a genus) far more commonly than they lump two of them together. In the age-old war between “splitters” and “lumpers,” splitters are ascendant. A definition of species that many favor is “the smallest population or group of populations within which there is a parental pattern of ancestry and descent and which is diagnosable by unique combinations of character states.” If the species is the smallest useful taxon, there’s little use for subspecies or varieties. Many newly described species are cryptic, meaning that they are identifiable only by genetic analysis—not by anything visible, not even under a microscope, nor by simple chemical tests.


(Some revisions are based solely on molecular analysis of genes, but many others evaluate a wide range of clues to evolution. Looking at plants, for example, they may consider insects that coevolved with plants as pollinators, fungal partners as well, and unusual chemical compounds the plant produces. They take a broader view than Linnaeus did when he classified plants by their flower structure. But analyses based solely on genes may take over in the future, which would make sense and simplify the process, if genes are the last word on evolutionary descent anyway.)


Taxonomists are aware of their customers’ discomfort. Some try to reassure us: “This is a necessary but temporary phenomenon that is needed to correct our unnatural classifications.” When exactly will this phenomenon be done? From others I hear that the pace of revision will only accelerate as technology improves. Some see our pleas for stability as a threat to the advancement of knowledge—“folk taxonomy weakening 21st-century science. … ‘Stable taxonomy’ obscures attempts to reconstruct Earth history” and “weakens the ability to map biodiversity.”


(Not all scientists studying evolutionary descent are so embattled over naming: some see naming as a distraction, and prefer to publish relationship trees without concerning themselves with scientific names.)


Conservation politics are a hidden hand tipping the scales in favor of splitting. When you name more species, you’re seeing more biodiversity, they say. That sounds like semantic quibbling. More concretely, if you name newly diagnosed taxa at the level of species rather than subspecies, then there are more endangered species, and stronger legal grounds for protecting them. Some splitters accuse their critics of shilling for anti-conservationist powers. Those critics, on the other hand, worry that rapid proliferation of endangered species (by splitting) will overwhelm species-protection programs (and budgets) and undermine public trust.


As a field guide writer, I think that my readers are interested in the natural history of things we can see out there. It will be hard to care about (cryptic) species whose own authors can’t identify them in the field.


But let’s step back and remember that in the real world, Nature has never heard of “species.” The web of life does not break down into discreet species. That’s bound to be the case; just think about it. If species A and B are related, that means they have a common ancestor. Was the common ancestor species A, or B, or some other species X? At what moment did it transform from X to A and B? Necessarily, there was a time when species X had two or more populations that were on the cusp of becoming A and B. Some such transitions were relatively brief, but some undoubtedly stretched out over thousands of years.


Our present day is just a moment—actually an exceptionally fast-changing moment—in the history of evolution. A portion of today’s organisms are in the throes of speciating, to some degree. While some pairs of related species are just what we want species to be—discreet and non-interbreeding—many others appear to be discreet in some locales, but where they meet up they act like they’re one species: they interbreed more or less freely, and their characteristics intergrade. Some large and diverse genera, like lupines, hold dozens of species, almost any two of which would probably hybridize where they get the chance. Yet other species pairs are the reverse: they appear to be identical, but do not interbreed. Those are cryptic species.


“Family trees” of relationship are also something of an imaginary construct. Fairly often, evolution is reticulate—a net rather than a tree, because lines of descent can converge as well as diverge. Or the two species in a genus may be “parent and child,” a relationship misrepresented by tree branches.


If plant and vertebrate animal species are a fairly amorphous concept, fungal and one-celled species are even more so. Their breeding is more often asexual, and even when it is sexual it often works differently from how that works in plants and animals. The question of what is an individual gets difficult as well.


Be that as it may, the scientific project of delineating the course of evolution is progressing at a thrilling pace, thanks to technological advances. For better or worse, the inconvenient marriage between that project and Linnaeus’s project of standardizing the names people use for living things will stumble along for the foreseeable future.


Common names may become more useful to us than scientific names. But that would be vernacular common names, not the common names from nomenclature committees as long as the latter are committed to matching all their common names one-to-one with scientific names. We would have to declare the independence of “folk taxonomy” from systematics: our common names could represent groups of similar species, as the species concept moves into realms where field biology cannot follow. Mushroom pickers will continue to pick black morels, white morels, and fuzzy-foot morels as they always have; they gain nothing by inventing seven different common names for black morels, to keep up with molecular taxonomy. There’s no way they’re going to send their pickings in for chromosomal analysis anyway, and that’s the only way to identify them to species.


But we aren’t all the way there, yet. I still like Latin names. At least they’re more international than common names. The code regulating them anchors them to particular specimens—something common names can never offer. Biologists continue to use them.


Note that in this book I use the word “Also” (short for “also known as”) to present some of the other names you’re likely to run across for this organism—either common or scientific names. The other names are not always synonyms in the strict sense. For example, in many cases the “also” taxon and our taxon were formerly combined and are now separated, with the “also” taxon living outside our range; so the two are not synonymous, but the valid name for a species outside our range is a name you’ll see in older books for the species in our range.


Common Names


I also like real common names—the ones that came up on their own, through the vernacular. I hate to see common names coined purely for the sake of avoiding italics. If you invented the name, how “common” can it be?


In this book I put a common name on every species. I do not coin any new ones. In a few cases I perpetuate a name that charms me, even if I only heard it from neighbors or saw it in one faded book.


For birds, reptiles, amphibians, and fishes, I follow standard committee-revised checklists of common names that are broadly accepted, at least in the United States and Canada. (Exception: I choose consistent style over two checklist idiosyncrasies—capitalizing bird and herp names within sentences, and compounding snake names like gophersnake.) The checklists and online floras that I follow are listed on this page.


Compared to the situation with animals, plant names are the Wild West, and fungus names are in outer space. The US Department of Agriculture nobly took on the task of standardizing both scientific and common names of plants. However, their determinations don’t seem to carry a lot of weight when botanists compile a regional flora. The USDA also makes up long, compounded “common” names based on a logic that escapes me. My chief references for plant common names are regional: the Washington and British Columbia online floras, certain wildflower books, and my own taste. I hate calling a plant a “false” something, especially when there’s no way my readers are going to see the plant as a ringer for the one it is said to falsify. But I do use a name starting with “false” if it is the only name in wide circulation.


I have no objection to vernacular names that originated long ago as taxonomic falsehoods. For example, hemlock, the tree, was named for hemlock, the poisonous parsley, just because both have “lacy” foliage. But what else are you going to call this tree, if you ban misnomers? And if you can call a tree a hemlock, why would you stop calling a flower a brodiaea just because taxonomists decided that, though related, it no longer belongs in genus Brodiaea?


Back to that “outer space” comment, taxonomy of fungi is especially unstable. Fungus family names are so fluid that I decided not to use them in this book. Fungal morphology is turning out, in the light of DNA study, to be a stunningly poor predictor of lineage: fungi that don’t look related at all may be the same species in two different life phases, or taking two forms for reasons we can only guess at. Concepts of the species (and of the individual) that work tolerably well for higher animals and plants don’t fit fungi very well. Some mycologists estimate there are 1.5 million species of fungi in the world, of which 5 percent have been named. But doing so may be ill-advised. In a dead-serious article titled “Against the Naming of Fungi,” a well-published mycology professor wrote, “It may be more fruitful to abandon the notion of fungal species pending further basic research.”


Few lichens have common names in vernacular use. However, the excellent tome Lichens of North America picked sensible names for 805 lichen species, and I have generally followed its lead, replacing some common names I used in the past. A quirkier set of lichen names is found on E-Flora BC; many of these I list under “Also.” Unanimous common names for lichens would be a fine thing, as the outlook for their scientific names is dim. The scientific name is that of one fungal partner, not the whole lichen. With different partners, the same primary fungal species can produce very different lichens.



Pronouncing Scientific Latin



Pronunciations of genus and species names are provided in this guide simply to make Latin names more approachable. I devised no airtight phonetic system; my intent is simply to break each name into units that would be hard to misread. If you want to pronounce them some other way, feel free. Biologists are far from uniform in their pronunciations. There is an American style and a Continental style. Colorado Flora argues that Americans should adopt the Continental style so that taxonomic Latin can be more of an international language. Unfortunately, the two styles are different enough that Americans who adopt Continental pronunciation will find themselves misunderstood during the 99 percent of their discussions that are with other Americans.


That said, I wistfully admire the Continental style’s consistency: the five vowels are always “ah, eh (or ay), ee, oh, oo,” the ae diphthong is “eye,” c is always “k,” and t has a crisp sound even in -atius (AH-tee-oos).


In contrast, American style Americanizes vowel sounds, both long and short, but sticks to Greek or Latin rules on most consonants and syllable stressing. An initial consonant x is pronounced “z,” final es is “eez,” ch is “k,” j is “y,” and th is always soft as in “thin,” never hard as in “then.”


Syllable stressing causes difficulty and variation within the American style. The Latin rule says the second-to-last syllable is stressed if its vowel is long, is a diphthong (vowel pair), or is followed by two consonants or by x or y before the next vowel. Otherwise the third-to-last syllable gets the stress. Thus -ophila is AH-fill-a, but -ophylla, thanks to the double l, is o-FILL-a. When unsure whether the vowel is long, I consult Webster’s Third New International Dictionary, Gray’s New Manual of Botany (1908), Jepson’s Manual of the Flowering Plants of California (1925), or Robbins’s Birds of North America (1966).


I depart from Latin rules for a few names that have entered the English language: we stress the third-to-last syllables in Anemone and Penstemon. Native Latin speakers would have stressed the second-to-last.


In the many cases of proper names with Latin endings tacked on, I try, up to a point, to respect the way the person whose name it was would have pronounced it. For example, jeffreyi obviously starts with a “j” sound rather than the “y” sound of the Latin j. Limiting this principle requires a judgment call based partly on what will roll easily off the tongue. Sometimes the honoree’s pronunciation is just too counterintuitive for us. Menzies is “ming-iss” in Scotland, and Douglas is “DOO-glus,” but the scientific names based on them are pronounced American-style on these shores. (When I heard a Scot say menziesii, he eschewed Scots pronunciation in favor of Continental style: “men-zee-AY-see-ee.”)


Where I omit the pronunciation and translation of a genus or species, it’s either the same genus as the preceding entry or obviously similar to its English translation, like densa or americanus.


For the -oides ending I hear “-oy-deez” today, rather than the “oh-eye-deez” I once learned in Leo Hitchcock’s class. I still usually hear “ee-eye” for the -ii ending, which could nicely be elided into just “-ee.” Plant families end in -aceae with the “a” stressed, and here again most of us streamline, calling the Pinaceae “pie-NAY-see”; Dr. Hitchcock said “pie-NAY-seh-ee.” Animal families end in -idae, with the third-to-last syllable stressed: Felidae is “FEE-lid-ee.” Bird orders end in -formes, “FOR-meez.” Insect orders end in -ptera, with the p pronounced and stressed, as in “DIP-ter-a.”










LANDSCAPE





This book’s range comprises eight physiographic provinces based on landform styles that you could almost pick out intuitively on a good relief map. Geologically they are so distinct that some have hardly any rock formations in common with their neighbors, and yet, while rocks and landforms vary, the living things unite them all. Though the wet west-sides contrast dramatically with the dry east-sides, north-to-south changes are fairly gradual all the way from Alaska to the far tip of the Sierra Nevada.


The greatest exception—the sharpest vegetational shift within that north-south spectrum—comes between central and southern Oregon, so I draw a southern limit to our range there, at the Willamette-Umpqua divide. That means omitting, for the sake of ecological cohesion, a quarter of the Cascade volcanic chain. On the north end, I draw the line just past the last undisputed Cascades volcano, Mt. Meager, at the 51st parallel of latitude. (Roughly the same south and north boundaries delimit the new Flora of the Pacific Northwest.)


An eastern boundary for our range is easy: where the montane forests end dramatically east of the Cascades and Coast Mountains, giving way to open country classed as steppe. At the western edges, I leave out the salt-tinged seashore habitats, and also the agricultural and urban lowlands where the human influence dominates. (The book is still 98 percent applicable in “natural areas” within those lowlands.) Only by excluding steppe, salt, and the southern Cascades was I able to hold the book to a reasonable size.


The name “Cascade Range” originated at the Cascades of the Columbia back when they were a high-risk hurdle on overland voyages to and from the Pacific Northwest. (Later they were drowned by Bonneville Dam.) Early Euro-American visitors, either portaging around the cascades or running them, had an awareness of a mountain range forced upon them there, but it stuck in their memories almost like mere parentheses around their scary passage. The botanist David Douglas seems to have been first to put “Cascade Range” in writing, in 1825. An Oregon town was named Cascadia in 1898. In 1954, Burlington Northern Railway named a passenger train The Cascadian. In 1970 a sociology professor described a huge region he called Cascadia. Concurrently, earth science was being turned upside down by the concepts of plate tectonics; by 1977 geologists were writing about the Cascadia Subduction Zone—the chief scientific use of “Cascadia.” Cascadia subduction built these mountains—the range of this book, which I may lapse into calling Cascadia or simply “here.”


The Olympic Mountains


The Olympics are an anomaly: a nearly round mountain range, with drainage patterns radiating out from the center. That pattern seems to result from the domal uplift rather than predating it.


With help from a geologic map (p. 508) and your imagination, you can see the deeper geologic pattern of northwest-to-southeast arcs, bowed out to the northeast. The biggest arc is the Olympic Basaltic Horseshoe, a belt along the southeast, east, and north flanks of the range and running WNW out to Cape Flattery. Just inside it lie narrower belts—ridges, valleys, faults, additional slices of basalt. Each belt includes prominent peaks, evidence that this basalt resists erosion better than the marine sedimentary rocks that make up the rest of the range.


[image: Image]


During the last Ice Age, major ice sheet tongues grinding west through the present-day Strait of Juan de Fuca and south through Hood Canal shaved the abrupt north and east flanks of the Olympics. These megaglaciers brought huge loads of rock from Canada, leaving individual boulders as “erratics” at elevations up to 4500 feet on Olympic slopes—proof of the enormous thickness of ice. Interior valleys have since been recarved by smaller alpine glaciers, of which today’s glaciers are the uppermost remnants. The glaciers left the broad valley floors lined with outwash gravels and cobbles, and later terraced by “Little Ice Age” glacial advances and retreats of the last 600 years.


The same processes worked on many Cascade valleys, but here in the western Olympics some poorly understood combination including ocean fog, heavy selective browsing by elk, and cobbly soils frequently overhauled by the rivers, has produced a unique style of forest. These Olympic Rainforests are famous for huge conifers, both standing and down, and an abundance of tree-draping mosses, lichens, and ferns unequaled outside the subtropics. Compared to other west-side Northwest old-growth these forests are more parklike and open—to sunlight, and to people on foot.


Timberline—the transition from closed forest to meadow vegetation—begins below 4000 feet in the western Olympics, yet some trees grow on 6000-foot crags nearby. The broad elevational belt in between includes extraordinarily luxuriant subalpine meadows. This differs from other regions where alpine timberlines mark the point above which it’s too cold for trees. A timberline based only on cold would lie above 6000 feet in the Olympics. Our low but diffuse timberlines are caused instead by the the sheer quantity of snow, leading to a short growing season. Annual precipitation, mostly snow, likely exceeds 240 inches—the highest in the lower 48 states—somewhere high on Mt. Olympus.


Precipitation decreases sharply northeastward in a rain shadow effect. The northeast corner of the Olympics has dramatically different forests—younger, because of more frequent fires, and with Douglas-fir and grand fir dominating at lower elevations.


Vancouver Island


Most of Vancouver Island is one continuous mountain area, with ruggedness to spare. At least 17 small individual ranges have names. The island’s mountains in toto bear two official names, both obscure perhaps because they are dull: the Ranges of Vancouver Island, or the Insular Mountains. The Insulars include a long stretch of undersea ridges northward, then reemerge on Haida Gwaii (the Queen Charlotte Islands).


Several glaciers survive in the central part around the 7201-foot highest peak, Golden Hinde (named after Sir Francis Drake’s ship). In today’s warming climate, glaciers are shrinking faster on the island and in the Olympics than in the higher ranges to the east.


The island is ecologically more distinct from mainland British Columbia than modest intervening brine can explain. That’s because a mere 16,000 years ago it was separated from the mainland by broad lobes of the Cordilleran Ice Sheet. The island’s ice-free refugia were slim and frigid. More than half of the mammal species now on the adjacent mainland failed to regain the island, including chipmunks, grizzly bears, coyotes, red foxes, porcupines, mountain goats, and moose. The island has its own species of marmot, whose numbers are small and precarious.


The contrast from rainy west- to dry east-side is extreme. Henderson Lake, in a valley, is the wettest weather station in North America, claiming 260 inches a year. The rain shadow of the Insulars gets 40 inches. Victoria, the island’s driest point, is in a different rain shadow, the one behind the Olympics.


Rainforests of the coastal side have seen few fires ever, aside from occasional patch burns on south-facing slopes. Fire was, however, the chief disturbance on the island’s rain-shadowed east-side, and also at subalpine elevations, which used to burn often enough to maintain large areas of parkland. With fires suppressed, trees now encroach on meadows and heather.


Hikers accustomed to our other wet ranges may notice a shortage of creeks—or a plethora of broad rocky creek beds with only desultory water in them by late summer. The island has extensive limestone, a rock that slowly dissolves in water. Where water flows underground, it tends to eat away at limestone, enlarging underground conduits that then steal a much of the runoff. (The limestone areas are too small to show on the geologic map, p. 508, but are scattered within the “ocean basalt and sedimentary rocks.”)


A glance at the map suggests that Vancouver Island and the Olympic Mountains might be one mountain range neatly sawed in two. They are not. Though the topography, climate, and ecology are similar, the bedrock has little in common. The island has limestone and marble, very little shale or sandstone, a lot of granitic and metamorphic rock, and especially a lot of basalt. Though the southwest shoreline bears a slice of 52-million-year-old Crescent basalt (shared with the Olympics), most island basalt represents a flood basalt province 225 million years old, a signature component of an exotic terrane named Wrangellia (p. 514).


The island’s Pacific shore was a wealthy population center in pre–British times. In the 1780s, the Nuu-chah-nulth (Nootka) people here were briefly the leading exporters of “soft gold,” or sea otter furs, making the island the hottest property in all of western North America. Britain and Spain almost went to war over it in 1790.


In the recent century the gold was all green: forests, now heavily logged. The logging got serious later here than in Washington and Oregon, leaving the island with a lion’s share of champion trees today: the largest Douglas-fir, the second largest Sitka spruce, and the (arguably) first or second largest western redcedar. Those three species are the next largest trees after California’s redwoods and sequoias. Protected rainforests on the island include the impressive Carmanah Valley.


The Coast Range


Coast Range forests are among the most biologically productive on earth. Great volumes of sawtimber have left them. They don’t have very much protected wilderness, but even second-growth forests here can be huge and deep. Plant communities are similar to those at low to low-mid-elevations in the Cascades; milder winters allow a few additional species. Higher elevations get snow, but the snowpack is typically intermittent and thin. Though lightning without rain is infrequent, evidence of past fires is widespread, and trees older than 400 years are rare. The rain shadow effect east of the range is significant but not extreme, dropping from a maximum possibly exceeding 160 inches just west of the divide to less than 40 inches in the Willamette Valley.


The Coast Range does not rival our other landscape provinces in elevation or ruggedness. Glaciers never reached it. Marys Peak in west-central Oregon is the highest in our part of the Coast Range, at 4087 feet. Saddle Mountain, in northwest Oregon, juts out from its surroundings at 3283 feet. Those and a few other high ridges support grass balds with several disjunct or endemic species. Washington’s part of this province, the Willapa Hills (WILL-a-PAH), is lower, and belongs mostly to timber companies.


Coast Range climate and terrain were relatively hospitable to native peoples, who managed vegetation with fire, and maintained networks of trails both along ridges in in valleys. They used the valleys heavily, year-round in some places.


The geologic core of the Coast Range is a massive oceanic basalt formation thought to have arrived here around 50 million years ago as an exotic terrane called Siletzia. (The same basalt comprises the Olympic Horseshoe.) Equally extensive at the present-day surface are beds of sediments eroded from nearby mountains onto the old basalt while it was still submerged; then all were pushed up, presumably by the slab subducting under them. Where sedimentary rocks lie thick upon the surface, the mountain slopes are a mosaic of landslides. Siletzia basalts are somewhat more erosion-resistant; still more so are two younger igneous rock formations, which hold up the highest peaks: Columbia River basalt at Saddle Mountain, and small sills and dikes of gabbro at Marys Peak.


The High Cascades


The Oregon Cascades are subtly divided into two parallel ranges, the Western and High Cascades. From certain viewpoints, or on a relief map, you can see a difference in the shapes of the mountains, and see stretches where they are divided by north-south valleys of the otherwise west-flowing Clackamas, North Santiam, and McKenzie Rivers. The High Cascades are a long, fairly gentle plateau, generally at 5500–6500 feet in elevation, studded with cones that look more or less like volcanoes. Which of course they are.


Oregon’s famous snowcapped volcanoes are here, with elevations of 7500–11,235 feet. Some are still active, and will erupt again. All but the youngest (South Sister and Bachelor) are markedly eroded by glaciers. Most have had sides of their craters breached (Hood, Jefferson, North Sister). Several are stripped down to mere cores of their former selves (Three-Fingered Jack, Washington), their “necks” remaining after their more fragmental flanks have eroded away. These prominent stratovolcanoes date from the last 750,000 years; the conspicuous lava flows and small cinder cones are generally younger than 20,000 years. The intervening plateau includes low-profile shield volcanoes and the eroded remains of older volcanoes of the past 3 million years.


Also in this province lies the dry side of the Oregon Cascades, with some of our best stands of ponderosa pine at the lowest forested elevations. Grand fir and Douglas-fir stands—or lodgepole pine on substrates of pumice or other volcanic gravels—dominate the mid-elevation belt.


The drainage divide separating east-side and west-side climates poses a mountain barrier more than 500 miles long, broken by just one river valley close to sea level. That valley, the Columbia River Gorge, funnels air and weather from one side of the mountains to the other. The gorge is not only a windy place (great for wind surfing) but also a place where plant and animal species meet that do not meet elsewhere, or that reach low elevations though they are strictly montane elsewhere. During the Ice Ages, the gorge provided an outlet to the sea for staggeringly great glacial outburst floods (p. 30), which scoured its slopes to create 4000-foot cliffs misted with waterfalls.


The Western Cascades


These mountains are a mostly forested jumble of ridges left standing between river valleys cut out of a great mass of volcanic material that began erupting 46 million years ago. (By 4 million years ago, the volcanic arc shifted 20–40 miles east in Oregon, and the High Cascades began.) The Ancestral Cascade volcanoes were every bit as high and as active as the High Cascades, producing a far greater volume of rock over their longer span of activity. Today though, where you see a mountain it is generally not “a volcano” but an erosional form carved out of volcanic rock; the original vents are no longer the high points. A few exceptions, like Battle Ax, are young (High Cascades) outliers.


Western Cascade ridges top out at 4000–5600 feet. They bear no glaciers, and lie entirely below true timberline, though grass balds and hanging meadows persist with the help of fires on exposed, thin-soiled sites. These are not true subalpine meadows, but can rival them visually, and feature some flowers that are alpine elsewhere. From the Clackamas River southward, climate is warm enough to add such trees as sugar pine and incense-cedar, along with greater numbers and sizes of golden chinquapin and madrona.


Less spectacular than the High Cascades and with far greater timber value, they have received scant and belated protection as wilderness. Magnificent old-growth forest remains in some valleys here and there. On their lovely, riffled rivers, fishery and recreation values have often lost out to hydro power.


The Southern Washington Cascades


The High Cascades and the Ancestral Cascades continue northward in Washington, but overlapping rather than aligned east and west. Our youngest and most active High stratovolcano—Mt. St. Helens, less than 40,000 years old—lies way over near the western edge. Ancestral lavas extend well east of Mt. Rainier, and of the drainage crest. The crest wanders east and west, respectively, of our two highest peaks, Rainier and Adams, which were built over the last half-million years. It runs right through the Goat Rocks, a major High Cascade stratovolcano about five times as old, now eroded beyond semblance to a cone. The one other High Cascade volcanic center here, Indian Heaven, is a cluster of basaltic shields rather than a dramatic peak.


Rising two vertical miles from valley floors at its feet in four different directions, Mt. Rainier ranks first of all mountains in the lower 48 states in spire measure, a computation of vertical relief and steepness in all directions. It has been called America’s most dangerous mountain because of the number of people living in striking distance of a mudflow from its slopes (p. 513).


The remainder of this landscape comprises erosional forms carved out of 40- to 5-million year-old igneous rocks of the Ancestral Cascades. Especially around Mt. Rainier, these include magma that did not erupt as lava, but cooled into intrusive rocks, such as granite. Similar intrusive rock bodies exist under the whole volcanic chain, but northward they are more widely exposed at the surface, thanks to bigger Ice Age glaciers and greater uplift of the entire chain.


This province has few species that don’t occur elsewhere in our region, perhaps because it is centrally located. Noble fir achieves its best growth here, and sets a regional standard for biomass per acre.


The North Cascades


At its north end the High Cascade volcanic arc turns abruptly northwest. The five northernmost volcanic centers are superimposed upon—and humbled among—expanses of stupendous nonvolcanic mountains. These are split between the North Cascades (mostly in the United States) and the Coast Mountains (entirely in Canada).


If you reach a high central viewpoint on a clear day, you can’t miss the resemblance of North Cascade topography to waves on a stormy sea—wild array, whitecaps, vastness, and generally equal height. The similar peak heights are attributed to a glacial erosion “buzzsaw”: the higher peaks rise about 2000 feet above cirque floors, whose elevation is determined by glacial equilibrium during the last Ice Age. Filling the stream valleys nearly brimful with ice, Ice Age glaciers deepened them and reshaped them from V to U cross-sections. Heads of major valleys in the heart of the range were eroded to within 3000 feet of sea level, leaving such a low gradient (slope of descent) out to sea that current stream cutting is relatively slow. With the ridgetops eroding as fast or faster than the valley bottoms, relief is about as high as it can get (unless uplift speeds up or the glaciers grow again). Today, the majority of active glaciers in the lower 48 states are here; most of the rest are on Cascade volcanoes or Olympic peaks.


Major peaks near the Cascade Crest from Canada to just southeast of Glacier Peak tend to be 8000–9000 feet high. To the north, south, and west of that backbone, elevations of peaks and valleys decrease together, so that local relief is scarcely less; 6000-foot peaks like Index and Baring near the western front are as impressive in their vertical relief as 8500-foot peaks on the crest.


Eastward the ruggedness decreases (the Stuart Range excepted) even though many of the peaks are just as high. The rain shadow effect makes alpine glaciers scarce east of the crest, and slower erosion actually leads to slower tectonic uplift (p. 511). Ice Age glaciation had a gentling rather than a sharpening effect on some east-side topography when the Okanogan Lobe of the Cordilleran Ice Sheet ground across the area east of Ross Lake for a few centuries, just before its abrupt retreat 17,000 years ago.


Following a dramatic drainage reversal (p. 25), the Skagit cuts across the inherent North Cascades crest, which runs up the center of the National Park through the Picket Range. That ancient crest persists as the main climatic divide, with typical east-slope vegetation common in the Ross Lake drainage.


Geologically, the North Cascades are a bewildering variety of rock formations of widely differing ages, thought to be a cluster of exotic terranes that have been part of North America for only around 50 million years (p. 514). The rocks in them are mostly much older than that. Major North Cascade peaks are made of gneiss, schist, hornfels, or granitic rocks, all rarities in the volcanic Cascades. Conversely, lavas are only a small fraction of North Cascade rocks—two High Cascade–age volcanoes (Mt. Baker and Glacier Peak) and a few small patches of Ancestral Cascade lavas. Ancestral volcanoes did erupt here, but subsequent uplift was so great that they eroded off of the top of the range. About half of the granitic rocks are the roots of those missing volcanoes. The other half are older products of volcanism on some Pacific island that later became a terrane here.


The Coast Mountains


British Columbia’s Coast Mountains present a world of superlatives. They make up the deepest, soggiest, wildest, ruggedest range of mountains in the Pacific Northwest, carved out of the world’s biggest granitic batholith, rising straight from a seashore of fjords up to 70 miles long, and capped not with mere glaciers but with icefields larger even than those in the Canadian Rockies. Their highest peak, 13,177-foot Mt. Waddington, is slightly higher than any in the Canadian Rockies, and second only to Mt. Rainier within our range.


Above all, they are least touched by the hand of man—and hardest to get to. Only a few valleys have roads open to the public, and most of the coastal side of the range (even where it has roads) can only be reached by boat. I expect relatively few users of this guide to be in those remote recesses. Hiking trails concentrate at the southern end of the mountains. Backpackers throng in Garibaldi Provincial Park, which (atypically for the Coast Mountains) has extensive volcanic rocks from a Cascade volcano, Mt. Garibaldi.


Northwest of Garibaldi, two more High Cascades volcanoes poke through the granite: Mt. Cayley and Mt. Meager. The latter erupted explosively just 2360 years ago. The east edge of the mountains has a few older (Ancestral Cascades) volcanic centers.


The roster of plant and animal species is shorter here, in accord with the general rule that those rosters shrink toward the poles. Both black and grizzly bears are here. Near the coast just north of our range lives an unusual white race of the black bear, which has been named the Spirit Bear and proclaimed the official Provincial Mammal.


Timberlines get lower northward. Alpine rock and ice and the occasional brave outpost of alpine vegetation dominate this high region. Forests of the west-side lowlands have seen few if any forest fires because they are too wet, even through the summer. Western redcedar and Sitka spruce predominate at lowest elevations. An area called the Great Bear Rainforest was substantially protected from logging by a 2006 agreement. It lies entirely north of Knight Inlet (and of the range of this book), so we may see logging and possibly mining on the more southerly mainland, though the rugged topography may inhibit development to some degree.


The eastern slope is drier, and fire-prone. Whistler, in the center of a long crosswise valley at just 2215 feet, actually straddles the main Coast Mountains divide and shows the beginnings of a rain-shadow effect—Engelmann spruce and interior-type Douglas-fir, but no ponderosa pines or western larches until you cross a farther divide. The Lillooet River valley, in between, can be considered east-side, but is much less dry than the hard-core east-side, the slopes that drain directly to the Fraser River.


Granitic rocks of the Coast Plutonic Complex underlie most of the range and stretch northward to Alaska. The complex is a mosaic of intrusions of varying compositions and ages. The plutonic magmas, 170 million to 45 million years old, are the exposed plumbing of one or more subduction-zone volcanic arcs. (Within that same time span, arcs south along the continental edge were emplacing the Idaho and Sierra Nevada Batholiths.) The plutonic magmas buried the boundary between two exotic terranes, Wrangellia in the west and Stikinia in the east (p. 514).


Ice Age Mountains


If you love dramatic high-relief scenery, count yourself lucky to have been born in the aftermath of an ice age. Mountain erosion without ice typically produces relatively tame, monotonous slopes.


Alpine glaciers give us spire-shaped mountains, U-shaped valleys, bowl-shaped cirques, and countless alpine lakes. They even make the peaks rise higher in the more glaciated part of a range (see p. 511). The glaciers we see today continue to carve, but most of their work was done during the Pleistocene Ice Ages between perhaps 3 million and 11,700 years ago. That interval saw many cycles between glacial stages averaging 100,000 years each and interglacial stages averaging 20,000 years.


During a typical glacial stage, about half of North America lay under two huge ice sheets similar to those blanketing Greenland and Antarctica today. The western one covered much of Alaska, the Yukon and British Columbia, and a little of Washington briefly at its most recent maximum, 14,000 years ago. At that point it shoved up against the Olympics, extended a Puget Lobe to just past Olympia, and ground across eastern North Cascade ridges. Southwest British Columbia and the North Cascades must have resembled southeast Alaska’s mountains of today—great banded river-like glaciers with branching tributaries filling the valleys, and marginal peaks protruding as nunataks. Wherever you see a U-shaped valley cross-section today, picture an alpine glacier flowing for 1000 years or longer.


In several North Cascades valleys, tongues of the Cordilleran Ice Sheet dammed north-flowing rivers to create lakes that rose until they spilled over a more southerly pass. Some of these overflow streams were temporary, and the main signs they left of their passage were sharp gorges that had to have been cut by fiercer streams than the ones in them today (e.g., Canyon Creek.) Others cut deeper, creating a new southerly outlet lower than the old northerly one, so that when the ice sheet melted away, the river kept its new course.


The Skagit offers a grand example of such a drainage reversal. Before the Pleistocene, its Ross Lake reach flowed north to join the Fraser at Hope, British Columbia. One of the glacial stages reversed its drainage as described above, breaching a former divide near today’s Diablo Dam. This explains why the Skagit crosses the North Cascades, and why its gorge below Diablo is narrow and V-shaped, while its valley both above and below there is glacially U-shaped; the Puget ice lobe sent a distributary tongue up the Skagit Valley, U-shaping it as far as Rockport.


The old north-flowing Skagit emptied into a Fraser River that also reversed its direction, either before or after the Skagit reversal. Many British Columbia geologists have identified signs of past northward flow through the Fraser Canyon—without deigning to tell us where that water went. Candidates would be the Skeena, Peace, and Columbia River systems.


One effect of great ice sheets was to lower sea level as much as 400 feet by retaining ice that would otherwise be seawater. This turned a wide area of shallow sea between Siberia and Alaska into habitable dry land, allowing many new mammals, including humans, to migrate to the New World.


As the ice sheets melted, sea level rose worldwide. However, Vancouver Island has wave terraces indicating late–Ice Age shorelines higher than the present one. How can that be? Continental ice sheets literally weighed continental crust down wherever it was under or even near an ice sheet. When that weight melted away and refilled the ocean basins, the depressed crust rebounded upward; but the rebound lagged centuries behind the rise in sea level, because rock flows very slowly compared to water. The ocean reached present levels and even a bit higher while Vancouver Island was still depressed.




Cirques, Tarns, and Horns


These characteristic glacial landforms are shaped by small alpine glaciers, more than by continental ice sheets. Small, high glaciers scoop out the mountainside under them. After melting, they leave half-bowl-shaped valley heads called cirques (The word means both “circle” and “circus” in French, and derives from Greco-Roman amphitheaters.) At the lip of a glacial cirque, just above a dropoff, look for bedrock that the glacier rounded off and scratched with parallel striations (p. 30). The dropoff may be long—especially if this is a hanging side valley above a deep main valley—or slight. Some valleys have a series of cirque-lip dropoffs, each marking a pause in the glacier’s retreat.


A cirque may hold a small, usually shallow cirque lake or tarn. Tarns tend to fill with sediment until they turn into marshes, or perhaps gravel flats laced with braided streams, and eventually into meadows.


Where the glaciers of two back-to-back cirque glaciers continue scooping until they almost touch, they leave a saw-edged ridge, an arête. Where cirque glaciers on three or four sides of a peak keep scooping long enough, they carve a spire-like horn, as in Matterhorn.


With remarkable consistency, cirque floors are found at the glacier equilibrium line—the elevation where snow adds to the glacier’s thickness as fast as melting diminishes it—not today’s equilibrium, but the average over the past two million years (the Ice Ages and interglacial stages together). Just as consistently, the elevations of higher peaks are about 2000 feet higher. This “glacial buzzsaw” effect explains why all the peaks in a panorama look pretty similar in height.
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A cirque.
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Ripsaw Ridge, an arête above a cirque.
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Boston Peak, a horn.








Clearly, ice sheets, and even glaciers, are heavyweights—they’re geology, not weather! They have some ability to suppress both earthquakes and volcanism. Several High Cascade volcanoes display interactions between lava and ice. Near Mt. Garibaldi, The Table—whose shape resembles Devil’s Tower—erupted up through thick ice, forming cliffs on all sides where lava cooled against ice. Mt. Garibaldi itself pushed enough lava up through thick ice that some lava solidified on the ice, then collapsed as the ice melted.


Thin alpine glaciers also shape lava flows. When hot lava meets ice, some ice melts of course, but at the same time some lava freezes, forming a skin that directs the continuing lava flow away from the glacier. Lava flows end up perched on ridges between glaciers.


The timing of the last few ice age cycles suggests that we should be headed back into one by now. During the interglacial stages, atmospheric carbon dioxide tended to begin dropping early on, and to keep dropping, setting the stage for ice to return. Humankind’s emissions of greenhouse gases have apparently thwarted that pattern and postponed the next ice age, for tens of thousands of years at a minimum. A controversial but tenacious hypothesis argues that by means of deforestation, rice paddies, and cattle herds, our ancestors first tipped the climate scales toward warming several thousand years ago.


Glaciers


Wherever an average year brings more new snow than can melt, snow accumulates and slowly compacts into ice. Eventually, the ice gets so thick and heavy that it flows slowly downhill until it reaches an elevation warm enough to melt it as fast as it arrives. This flowing ice is a glacier, a mechanism that balances the snow’s mass budget.


The Coast Mountains have not only a lot of snowfall but rather blocky topography, with broad areas at high elevation. Those circumstances create icefields—plateaus of thick ice that barely moves except near the edges, where outlet glaciers extend their tongues down into the valleys.


When the rate of flow is equal to both the snow accumulation in the upper part of the glacier and the melting in the lower part, you have a balanced mass budget, and an ideal glacier that neither advances nor retreats. Few glaciers are so stable. Instead, the elevation where the glacier terminates in a melting snout advances and retreats in response to climate. (Retreating glaciers don’t turn around and flow back uphill, of course; they merely melt away at the bottom faster than they arrive there.) For more than a century now, climatic warming has caused widespread glacial retreat. In our region this intensified in the warm, dry 1930s and 1940s, paused or reversed in the 1950s and 1960s, then resumed and is now accelerating, turning many smaller glaciers into mere snowfields. A glacier stagnates when it no longer has enough mass and slope to flow.


If you could find an advancing glacier, it would have a high, cliff-like front where ice blocks come crashing down. Retreating glacier snouts are thin, even concave, and dirty with surface debris concentrated over recent decades; it may be hard to tell where the glacier leaves off and the rock rubble or till ensues.


Where glaciers bend or where their flow accelerates, the ice stretches. The stretch marks are deep cracks, or crevasses. They may be bridged by masses of recent snow that may or may not be solid enough to walk across. Don’t try to cross glaciers unless you are trained and prepared for crevasses.


Paralleling either the sides of a glacier or the arc of its snout, you often find low ridgelines of rubble. These are recessional moraines deposited where the retreating glacier advanced or held a line for a time, before receding again. Many formed during the last 200 years’ retreat. Older ones obscured by vegetation reveal to the practiced eye a map of the end of the latest Ice Age, 14 to 11 thousand years ago. Terminal moraines are found below the present terminus, crossing the mountain slope. Picture the glacier not as a bulldozer but as a conveyor belt delivering rock rubble. Lateral moraines form along a glacier’s sides; they run parallel to a glacier’s course, regardless of whether you find them alongside modern glaciers or at elevations far below.


Small glaciers in pockets on steep faces appear to be nearly vertical. Gnarly blue wrinkles show that they are glaciers. Often they terminate over bands of vertical rock. Ice blocks that break off and avalanche down the rock band may recoalesce into a lower glacier, if the basin where they collect is high and shaded enough for them to stay frozen. Some basin glaciers are supplied more by avalanches than by direct snowfall.


No matter whether it formed from fresh snow, avalanches, or blocks of old ice, glacial ice has a consistency utterly unlike a snowbank. Under a firn of last year’s snow, what was once snow is now recrystallized into coarse, nubbly granules with hardly any air space. Eventually even the granular texture will grade into massive blue ice with a texture (visible only under a microscope) more granular than that of frozen lake ice.


Our temperate-zone glaciers are “warm” glaciers at close to 32°F throughout, in contrast with “cold” arctic glaciers. Warm glaciers, like ice skaters, glide on a film of pressure-melted water. They pour around bedrock outcrops by melting under pressure against the upstream side of the knob and refreezing against the downstream side (repaying the heat debt incurred by the first change of state). They erode rock ferociously, not because either the water layer or the ice itself is abrasive, but because sand, pebbles, and boulders are gripped and ground along over the substrate. It’s the rock sediment load that does the grinding in both glacier and river erosion; glaciers work like belt-sanders, whereas river rocks chip away more like sandblasting. The glacier’s grit leaves parallel grooves or striations across bedrock. In the area east of Ross Lake, striations even cross high divides—proof that the Cordilleran Ice Sheet crossed here, since alpine glaciers necessarily operate below the high ridges.





Rock Flour



A milky white color in streams betrays water that recently melted from glaciers, and carries fine particles pulverized by the glacier, now held in suspension. They aren’t mud-colored because until very recently the cold preserved them from altering into clay, and they haven’t had time to alter since.


In lakes, the same rock flour conjures an insanely intense blue-green opacity. It works best where only the very finest particles are still suspended. Uniform in size and distribution, they bounce a narrow blue-green spectrum of wavelengths around, and eventually back at us, while the other wavelengths drown in the depths. Garibaldi Lake is a jaw-dropping example. In Diablo Lake, the color intensifies over the course of summer, as glacier melt takes over from rain and snowpack as the main source of runoff. Ross Lake, just upstream from Diablo, can’t compare, as glaciers are sparse in its drainage basin. Diablo Lake gets its rock flour from the Thunder Creek drainage, with big glaciers on Mts. Logan, Boston, and Eldorado. In the Olympics, most rock flour is in the Hoh, the Queets, and Silt Creek. The Elwha snowfinger was described as a glacier in the early 1900s, and its output is still a bit milky.
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The insanely intense Garibaldi Lake.





Some writers find milky meltwater unpalatable, but I like it just fine—unfiltered, since I don’t want to clog the filter. I figure it comes with a mineral supplement and a negligible risk of giardia (p. 503). Filtering it will shorten your filter’s lifespan.
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Glacial striations.


British Columbia has more glacier-covered area than any other Canadian province, easily outdoing Washington, which has most of the glacier cover in the lower 48 states.


The Missoula Floods


Steep cliffs laced with waterfalls commonly owe their steepness to scouring by glacier ice. Those of the Columbia Gorge, in contrast, were scoured by water that came in torrents only Ice Age glaciers could release—floods 400–1000 feet deep. Yes, the Columbia ran 1000 feet deep at The Dalles where it backed up against the Cascades, tapering to 700 feet at Crown Point and 350 feet deep over Portland. And not just deep, but fast, like towering flash floods. The flow rate of the biggest one was 200 times that of the biggest historic Columbia River flood, 46 times that of the biggest weather-caused river flood anywhere. There were perhaps 80 of these Missoula Floods between 21,000 to 13,000 years ago, plus several series of them earlier in the Pleistocene Ice Ages.


Given that early Americans occupied a cave in southern Oregon 14,300 years ago, I imagine that some of them witnessed the last floods.


The flood source, Lake Missoula, was an ice-dammed lake in western Montana with about half the volume of modern Lake Michigan. It formed each time the Cordilleran Ice Sheet in Canada extended a big lobe south into Idaho, damming the Clark Fork river. The ice dam either floated or burst each time the lake rose high enough, at intervals of a few decades, and the entire lake drained within a few days. Sudden floods due to ice-dam failure are called jökulhlaups by anyone who can actually pronounce that. Such people typically live in Iceland, where small jökulhlaups occur to this day. Alaska sees them, too.


The floodwaters ripped eastern Washington, showing about as much respect as a sneaker wave shows to a sand castle. It cut the Washington features called Dry Falls, Coulees, Potholes, and Channeled Scablands, and left current ripples 35 feet high in Montana. In between floods, winds picked up the silt they left behind and deposited it as the Palouse Loess, the soil that enables dry farming of wheat in Washington and Oregon.


Boulders ended up sprinkled across the Willamette Valley. Glacial erratics are rocks transported by a glacier and dropped typically 10 to 100 miles from their bedrock source. The Willamette erratics were a mystery, found where no glaciers ever were, 500 miles from the closest similar rocks in Montana or British Columbia. They rode the floods in icebergs that drifted out to the margins of a backwater lake filling the Willamette Valley, beached there, and melted. The valley was buried in silt 100 feet deep. Credit the floods with both of the economically outstanding soils in the Northwest states: Palouse Loess and Willamette Silt.


They were initially named Bretz Floods. Geologist J Harlan Bretz spent from 1922 to 1952 overcoming the withering skepticism of the geologic community as he presented evidence after evidence of these biblical-scale floods. (One reason the geologic community was so resistant to the idea was that it had spent the previous two centuries fighting the idea that biblical floods ever happened.) Eventually, truth won out. Before long, geologists began seeing signs of the same type of Ice Age megaflood elsewhere. One in central Asia came close to the Missoula Floods in size. British Columbia had glacial lakes and catastrophic floods from them, but detailed evidence of their size and possible cyclic repetition has yet to be described.










CLIMATE



Weather and climate strongly influence the landforms and life forms you see in these mountains. First off, as you doubtless know, it rains a lot here.


• It rains a lot in winter, almost as much in fall and spring, and relatively little in June through September.


• It rains a lot west of each of our mountain range crests, but far less on the east slopes, approaching desert conditions at the foot of the Cascades.


• It rains and snows a lot at higher elevations. The resulting snowpack is slow to melt due to its sheer mass rather than to really cold weather; it commonly persists into July at higher elevations, or sometimes longer, and produces more glaciers and permanent snowfields, than snow in some nearby mountains with colder winters, such as the US Rockies.


When It Falls


Our summer drought is without equal among rainy climates. Most climates with strong wet seasons and dry seasons are tropical, and lack summers and winters. Most of the Temperate Zone, on the other hand, gets precipitation year-round, or more in summer. Our climate is a midpoint between California’s Mediterranean type (long dry summers, moderately wet winters, subtropical temperatures) and southeast Alaska’s West-Coast Marine type (copious rain, slightly reduced in the summer, and cool temperatures year-round). Our closest analogs are parts of southern Chile, western Scotland, the northern Honshu coast on the Sea of Japan, and Norway’s fjord country. Each of those wet West-Coast Marine climates produces 1½ times as much rain and snow in its wettest winter month as in its driest summer month. That’s nothing; here, the wetter weather stations record between 6 and 20 times as much precipitation in November as in July. (The ratio increases from north to south.)


Causes for our unique weather lie in the border tension between the cold polar air mass and the warmer subtropical air mass. The front between those masses runs around the world between roughly 40 and 60 degrees N latitude; rather than running due east it wanders in giant lobes directly beneath the polar jet stream, a lofty belt of high-velocity west wind circling the globe.


The jet stream wanders, but it has a typical annual cycle. Nearly every autumn brings a southward migration; the polar jet crosses Anchorage in September on average, Ketchikan in October, Bella Coola in early November, Forks in late November, and Eureka in January. In those months, each of those locales is in line for rainy storms. The air in the storms, originally quite cold, travels for days across relatively warm ocean to reach our shores modestly warmed and immodestly moistened. For much of the winter we get alternating warm fronts—low overcast and steady rain—and cold fronts—mostly cloudy, showery weather.


At times during the wet season, the Aleutian low expands southward in the Pacific, and the jet stream hits us from far to the southwest. This brings an atmospheric river, a long, narrow band full of tropical moisture. Known locally as the Pineapple Express, atmospheric rivers bring Cascadia’s rainiest spells and nearly all of our floods. Being warm as well as wet, they often melt a lot of mountain snow, so that during some storms the runoff into mountain rivers is even greater than the precipitation.


Atmospheric rivers commonly align just to the south of the jet stream, and are far below it. (They’re in the lowest two miles of the atmosphere, whereas the jet is around five miles up.) They are at work somewhere on earth at any given moment, accomplishing about 90 percent of all transport of atmospheric moisture out of the tropics.


Rarely in winter, the jet stream arches far northward, dragging warm, sunny California weather into our area for days or weeks—commonly warmer and sunnier at mid-elevations than in the Puget-Willamette lowlands, which can get a temperature inversion and smog or haze.


As summer approaches, the jet stream snakes its way back north, taking the frontal systems with it. Our dominant summer air consists of Northwest breezes spiraling clockwise out from the center of the North Pacific High. These travel across ocean colder than themselves and evaporate little moisture from it. They are chilled by contact with the water, often creating vast ocean fog banks, but on hitting the warmer land surface they warm, and the fog soon dissipates. Sometimes during high pressure, the moist marine push gets strong enough to blanket west-side valleys and much of the Georgia-Puget-Willamette Trough with low clouds and even drizzle, while peaks and slopes above 3000 feet remain crystal clear.


All this means that it’s certifiably possible to enjoy fine summer weather anywhere in our range, despite rumors to the contrary. It does not mean that you can safely go unprepared for bad weather. Some Julys have brought heavy snow as low as 4000 feet in the North Cascades.
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The Pineapple Express of December 2012 broke many local rainfall records.
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A marine push fills the Skagit Valley.





Where It Falls


In contrast to our precipitation’s unique summer–winter split, its west–east imbalance is common in mountain regions, typifying mountains as rainmaking devices and as barriers between moist marine air and drier continental air.


When air crosses mountains, it must rise. In rising, it gets thinner—because it has less air above it weighing on it—and cooler. (Other factors being equal, clear air cools 5.5°F with each 1000 feet of altitude. Other factors are rarely equal, and the actual lapse rate is usually less; not infrequently it’s negative, in a temperature inversion, when cooler air stagnates in valleys and warmer air sits on it and blesses the mountains.)


Warmer air can hold more moisture than cooler air. Put that law of physics together with the one about rising air chilling, and you get mountains writing clouds and precipitation—orographic precipitation, from the Greek for “mountains” and “writing.” Moving air meets mountains and is forced to rise, therefore cooling, eventually to the point where it cannot hold the water vapor it held easily before it rose. The water molecules suspended invisibly in the air must coalesce into liquid droplets or ice crystals, in either case forming visible clouds. With further cooling, the droplets or crystals coalesce further, becoming so heavy that they fall. In our mountains, ice crystals are typical, and they form snowflakes, but as they fall they may enter warmer air and melt into rain.


Where the air descends after crossing mountains, the effect is reversed: it warms and the clouds change back into gaseous water. Drizzling clouds on the windward slope may abruptly vanish as they cross the crest; heavier weather on the windward slope may turn to scattered showers and sun breaks on the downwind side.


Sometimes the condensation and then reevaporation of moist air flowing over a mountain becomes a graphic image in the sky—a lenticular (lentil-shaped) cloud (p. 38). These pure white slivers or crescents hang motionless over high peaks. They may stack up two or three deep, or more, and they may stand downwind instead of—or in addition to—directly over the peak. A lenticular cloud is that portion of a uniform layer of air that, as it flows over the mountain, is cooled enough to condense some of its water vapor into cloud droplets. After descending abruptly, the layer may bounce upward once or twice, in waves, to form downwind lenticular clouds.


Since the prevailing wind here is from the WSW in winter and the SW during spring and fall wet weather, and the Olympics are a more or less round mountain range, their downwind side, the rain shadow, is on the NE. The Elwha and North Fork Skokomish drainages are rain-shadowed, receiving less than a third as much precipitation as the Hoh and Quinault; the Dungeness and Dosewallips drainages are drier still. You don’t have go to the far edge of a range to see a rain shadow effect: it’s unmistakable at the Elwha in the Olympics, at Whistler and the Lillooet River in the Coast Mountains, and at Ross Lake and Mt. Adams in the Cascades.


The Georgia-Puget-Willamette Trough is moderately rain-shadowed by the coastal ranges. The occasional ponderosa pines and abundant grand firs in the Willamette Valley are indicators of that. Though urbanites of Seattle and Portland may think they see a lot of rain, their actual recorded precipitation of 33–42 inches per year is run-of-the-mill, as North American cities go. Vancouver has a wider internal range, with 35 inches in some neighborhoods and 85 inches in others. The number of gray and rainy days per year is high in Northwest cities, but the actual heavy precipitation—60 to 250 inches—falls on the mountain flanks. A legendary rain gauge placed in the 1920s at Henderson Lake on Vancouver Island measured 79.45 inches in a single December, and 16.61 inches in 24 hours of an atmospheric river. That gauge was subject to sharp local effects at the foot of a mountainside; more cautiously placed modern gauges don’t come close.


Paradise on Mt. Rainier is the snowiest year-round US weather station, averaging 680 inches a year. The single-season record snowfall, 1141 inches (or 95 feet), hit Mt. Baker Ski Area in 1998–1999. Mauri Pelto calculates that that season’s snowfall high on the nearby Easton Glacier was at least 187 feet! Snowpack still covered many Washington trails when 1999’s first autumn snow fell. It’s possible that some glacier on Vancouver Island gets even deeper snow.


If the day for your trip arrives gray and showery, consider an east-side destination. You might not find clear skies, but you will likely get less wet than on the west-side. Similarly, the eastern edges of the North Cascades, Olympics, and Coast Mountains accumulate thinner snowpacks, which melt off weeks earlier each summer. Use that information to pick a hike with less (or more) snow in early summer.


Mesoclimate


Just as the sun is hotter at noon than in morning and evening, hotter at the equator than here in the mid-latitudes, and hotter in summer than in winter, it heats south-facing slopes more than other slope aspects. South slopes have hotter, drier plant community types than north slopes. That isn’t just because of the difference in sunlight angle: windward and leeward sides of a ridge get different precipitation. Though the orographic mechanism (and also fog drip, p. 36, where forested) produces the most precipitation directly above the ridgeline or a bit upwind, the raindrops blow downwind as they fall, so the greatest rain falls just downwind of the ridge. Compounding that effect, snow blows over the ridge crest and settles in the wind lull, often building a cornice that may last and continue to release water well into the summer. Where the prevailing wind is from the WSW, the sun angle and precipitation effects both make the northeast side of a mountain wetter. In our mountains you’ll notice that glaciers, cirques, and the steepest faces all favor the northeast side of peaks.


The lowest slopes on the leeward side get the least precipitation, but have moist soils, partly because they receive subsurface drainage from higher lee slopes, which get the most rainfall but have soils too coarse to hold on to it. Over time, cool moist soils are self-reinforcing: they grow shadier vegetation, and often suppress fire better, so they retain more organic content, which does a better job of holding on to water.


Bottoms of steep-sided valleys also get reduced hours of sunlight, and may receive cold air drainage as well, because cold air sinks. The effect is strongest in valleys that run east to west, and weakest in south-draining valleys where midday sun hits the bottom head-on. Cold air settles in valleys and slight depressions protected from wind. Caves collect cold air drainage so effectively that some hold ice year-round. On high nonforested peaks and ridges, at the other extreme, the thin air can’t hold the heat that the surfaces absorb, and tends to be chilly.


The warmest level in mountains is a mid-elevation thermal belt subject to neither cold air drainage nor thin air heat loss. If you want to sleep warmer, you may gain as much as 15°F by leaving a stream bottom and camping on a slightly higher bench.


Microclimate


Climatic subjects that you can chart on a regional map are macroclimatic; aspect and cold air drainage operate on a mesoclimatic scale. Of equal concern to hikers and other creatures is the microclimate, or narrow climate near the ground.


A microclimate may be much warmer or cooler than its surroundings for several reasons:


• Ground and lakes heat up in the sun, even on cloudy days, and heat the air next to them. Dark surfaces heat much more than pale ones, south-facing slopes much more than north-facing ones. High peaks are subject to especially intense solar radiation, including heat, by way of reradiation from clouds, snow, or ice. Dark, dry humus soil on one high south-facing slope was found to reach 175°F while the surrounding air was only 86°F. For a seedling or a crawling invertebrate, 175°F summer afternoons may be a fact of life—or death.


• Vegetation insulates. The tree canopy, the shrub, herb, and moss layers, and the snowpack are all blankets, keeping everything under them warmer in cold weather, and vice versa. The combination of ground heat retention and snowpack insulation create a winter-long 30–32°F environment utilized by many rodents that neither hibernate nor migrate downslope. Deer and elk take thermal cover in deep forests during cold spells of winter. On summer days, on the other hand, the forest is cooler than clearings.


• Vegetation and rough topography impede wind. This allows cold air collected by sinking (and air heated by warm ground) to stay put longer than they otherwise would.


A forest canopy can make its understory either drier or moister. You may notice that throughfall (drippage from a forest canopy) starts and ends later than individual showers in nearby clearings, and falls in bigger drops. Measured during a rain shower, it amounts to less rainfall; much water is absorbed by the canopy and the epiphytic plants on the trees, eventually evaporating again without ever reaching the ground. Light drizzle around here may fail to wet the forest floor at all.


On the other hand, when fog sweeps the forest canopy, moisture condenses on foliage, and some drips to the ground as throughfall even without any rain. Since low vegetation can catch only a fraction of the the fog that a tall forest can, clearcutting a high watershed on the west side of a divide is estimated to immediately reduce its total precipitation by about half.


Rain, fog throughfall, wind, and sun all hit different parts of a tree differently, so that each tree offers several microclimates for small plants that would grow on it (p. 328).


The canopy’s effects on evaporation are also mixed. Trees shade the forest floor from the drying sun, but they also suck great volumes of soil moisture up through their roots and transpire it into the air. Given how little rain falls in the summer here, that leaves many understories in our mountains parched, especially on gravelly, underdeveloped post–Ice Age soils. Small plants in competition with overstory trees may be handicapped even more in terms of water than light; many of our sparsest understory communities are found under somewhat open canopies. Nongreen plants (p. 184) deal with this by borrowing water back from the tree roots, through fungal lifelines.


Snowpack depth is reduced under forest cover. Though most snow that settles in the canopy does reach the forest floor, some of it melts first, and most of it, falling in big clumps, is much compacted on impact. Winter melting is greater in the forest, as the dark canopy absorbs solar radiation and reradiates some heat downward into the insulated forest microclimate.


In clearings, the bright snow reflects nearly all solar radiation that hits it, and doesn’t heat up as much, at least in winter. But when warmer air masses arrive in spring, the canopy insulates the forest floor from this warmth, and many clearings melt out faster. Within meadows, individual trees hasten snowmelt because their heat-absorbing dark body effect trumps their insulating effect.


Mountain Winds


Our mountains lie within a very broad zone (the north temperate latitudes) of prevailing westerly winds: the average direction of high-altitude winds, clouds, and weather systems is from the WSW. Sometimes we experience some of this wind down as low as the mountaintops, which do tend be windier than lowlands. But a lot of the time, especially in summer, our high ridges are calm for hours or days on end.


Most of the winds we feel are driven instead by pressure gradients; they flow gravitationally from high-pressure to low-pressure areas within the lower atmosphere. They get especially interesting where they have to cross a massive barrier, such as the long axis of the Cascade and Coast Mountains. When the opposite sides of the range develop a strong pressure difference, air pours across the mountains from high pressure to low. In summer, the dry basins east of the mountains develop low pressure over the course of the day because, with their clear, dry air, they heat up faster in the sun than the west-side does, and heated air thins and rises, creating low pressure. So as the day warms, west winds develop across the range—but they don’t cross everywhere, they seek out passes and gaps. Salient peaks like Mt. Hood may remain calm. Snoqualmie and Stevens Passes are windy gaps, but the two huge, windiest gaps are the Fraser and Columbia Gorges. Gorge winds draw the wind-surfers to Hood River.


In the fall and winter, we get the reverse: high pressure often settles over a large area to our east, and spills over as cold east winds coming down those same gaps and gorges. This is not an afternoon event but a days-long event, so these east winds blow all day and night. Sometimes they slide in under arriving warm fronts to produce ice storms in the gorges and the cities at their lower ends—Chilliwack, even Bellingham, and Portland. British Columbia’s coastal fjords experience similar ferocious cold outflow winds, called Squamishes, coming down from the Coast Mountains in winter. Both Gorge east winds and Gorge west winds are strongest at the downwind end of the constricted stretch, where the air escapes the constriction and can spread out and speed up. (Put another way, the air’s pressure collapses there to create the strongest pressure gradient.) On the Columbia, that would be Crown Point for the east winds and Rowena for the west winds.


Moist air that crosses mountains the hard way—up one slope and down the other—under certain conditions gets rapidly warmer, drier, and gustier during the downslope leg. These warm, dry foehn winds have many local names around the world. In the Rockies they are called Chinooks. In coastal Cascadia, where the word originated, Chinooks are warm, wet spells blowing in from the ocean. That same onshore flow may end up as a warm, dry Chinook after it has crossed mountains and had the moisture wrung out of it. Still, dry downslope winds can be a significant factor here—even at Sequim or Forks at the foot of the Olympics, when the wind is right, but more typically around Ellensburg, Entiat, or Osoyoos.





Storm Warnings



It takes years of familiarity with the weather patterns of a particular mountain area to develop a really good eye for weather signs. Whether you think you have such an eye or not, always go to the high country with enough insulation, shelter and food to keep you alive, and enough navigation aids and skills to get you out again, should the weather happen to turn bad.




Mare’s-tails These are cirrus clouds—the very high, thin, wispy family—arrayed in parallel, all or most of them upturned at one end like sled runners. If blowing northward, they may presage a weather front by 12 to 24 hours. Broad sheets of cirrus whiteness, if northbound or thickening and lowering, may have the same meaning. However, scattered shreds of cirrus resembling pulled-out cotton puffs are common in good weather.


[image: Image]


Mare’s-tails







Cloudcaps Lenticular (smooth, lens-shaped) clouds above or downwind of high peaks reveal an increase in wind speed or moisture of the air. These sometimes come and go without producing heavy weather, but more often they foretell rainier weather. Small puffy clouds sitting all day around the heads of outstanding peaks aren’t ominous unless they thicken steadily for hours. Ominous or not, they are already bad weather ahead if the peak they cap is your goal. Reconsider: the view will be erased, the wind strong and cold.
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Cloudcaps







Cumulus clouds—the white, rounded puffy kind—increasing in the afternoon are usually a stable fair weather pattern, not a bad omen. Along a mountain range they may by evening build and darken into cumulonimbus, perhaps generating thunderstorms. Even if this pattern repeats for days, it may be followed by either better or worse weather. Morning cloudiness filling west-side valleys is no disaster either, even if it brings droplets or if it rises rapidly and engulfs the ridges, pouring over them and then dissipating.
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Cumulus clouds





Cumulonimbus clouds are tall, and may have a top layer that spreads out in an anvil shape. But when they are overhead we don’t see any of that; we know them instead by the sound and the fury.


Layers within thunderclouds build up positive and negative electrical charges for reasons that remain unresolved. The huge sparks we call lightning serve to neutralize opposing charges. Cloud-to-ground lightning begins as a descending negative leader, exploring more or less randomly for a splinter of a second; when it gets close to a salient point on the ground, like a peak or a big tree, a positive streamer shoots up to meet it. They connect, and one or more return strokes, often branching, jet up into the cloud at about one-third the speed of light. Those make the big streaks of light. Air in their path heats instantly to around 30,000°F in an explosive expansion that we experience as loud noise. If you’re fairly close, you hear the full spectrum, KER-RACKKKK! Farther away, the high pitches fall off and you get a boom or a rumble, up to 15–25 miles away. Farther than that, we hear nothing and call it heat lightning. Every five seconds elapsing between the flash and the boom, or crack, indicate a mile of distance. At 20 seconds or less, start considering your safety.


Both the electricity and the chill are hazards. (Getting struck by lightning is one wilderness hazard that is not less likely than getting struck by lightning.) You are reasonably safe in a forest, but if you’re at timberline, with just a few tree clumps, stay away from them if lightning is striking nearby. Also avoid cliffs. Squat in a low spot that isn’t collecting runoff. Spread your party out. Give immediate mouth-to-mouth resuscitation to lightning strike victims; it can save a life.





Slope winds are another type of mountain wind you are sure to experience. The air contained in valleys expands in the daytime heat and contracts again at night. A main trunk valley wind develops along the creek or river of the valley, while thinner sheets of wind blow up or down the valley flanks. Up in the day and down at night is the rule. The valley wind, being larger, lags behind the side-slope wind. For example, in early morning the upslope wind begins while the night’s down-valley wind continues in the valley’s center. When upslope winds on opposite sides of a ridge join at the top and continue straight up, they can form convective clouds. Typically these are cumulus clouds that just sit there even as air blows through them; sometimes they build into cumulonimbus clouds, and thunderstorms. Occasionally just after sunset, when downslope and downvalley winds join forces, the wind buffets in fierce pulses lasting a few seconds each.


East-slope towns like Yakima commonly experience summer days that are ruled by eastward downslope winds in the early morning and westward upslope winds in the afternoon—until those are overpowered in the late afternoon by eastward pressure-gradient flow spilling over the Cascades.


Climate Oscillations


El Niños have brought us some anomalously warm, dry winters. (Their effects are different elsewhere.) El Niño and it’s opposite number, La Niña, constitute the El Niño Southern Oscillation (ENSO), the best-known of several oscillating patterns that affect our weather. Our La Niña winters are often wet. El Niño Southern Oscillation is southern in that the defining phenomenon involves South Pacific ocean temperature, and the strongest effects are felt in South America and Southeast Asia. The Pacific Decadal Oscillation (PDO) is a slower cycle centered in the North Pacific, with perhaps greater effects on us. Its alternating cool and warm regimes commonly last a decade or two, in contrast to a year or two for an El Niño. Recent warm regimes were 1925–1947, 1977–1997, and 2002–2007, and probably resuming in 2014. Warm regimes tend to correlate with:


• warm and dry winters in the Pacific Northwest;


• El Niño phases stronger;


• few salmon here, but sometimes bumper crops in Alaska;


• few hurricanes in the Atlantic;


• drought in sub-Saharan Africa.


The cycles seem connected to shifts between strong and weak thermohaline circulation in the ocean. Thermo refers to temperature, haline to salt. Off Greenland and Antarctica, relatively cold, unsalty seawater accumulates and then sinks because it is heavier than warmer, saltier water. It flows away across the sea floor, and warmer, saltier water flows as a surface current to replace it where it sank. These cold deep currents together with some of the surface currents make up the Conveyor, a global loop involving all five oceans.


Future Climate


Here’s a capsule sketch of current estimations of what our climate may look like in our lifetimes.


It will continue to warm, but by fewer degrees than in most parts of the world. That hemisphere-sized ocean we have on our upwind side ameliorates temperature changes not only daily and seasonally but also over the decades. The greatest warming is foreseen in continental interiors, and especially in the far north.




What Needs to Change


Elsewhere in this book I describe effects of the warming climate—both current and predicted—on many of our living things. I hope that this information will move readers to strongly support a transformation of the world’s energy practices to bring anthropogenic greenhouse warming to a halt. We have to leave most of the world’s remaining fossil fuels in the ground; we need to develop technologies for other forms of energy; and once we’ve done that I suspect we will find we need to use a lot less energy. We also need to aggressively develop technology for long-term carbon sequestration. Regionally, we need forest management that optimizes our forests’ benefits to the global carbon budget.





Projections for our mean annual precipitation lean toward a slight increase during the winters, countered by a somewhat longer dry season. (We’ll edge toward a truly Mediterranean climate.) The big change will be in the amount that falls as snow. Since most of our precipitation comes between October and May, and since more falls in the mountains than in the lowlands, much of our region’s precipitation over the past century has fallen as snow. Just 4°F of warming is enough to make a lot of that snow fall instead as rain, and enough to make the snow that does fall at middle elevations melt away at times during the winter. Climate models suggest that most snow may fall during occasional extreme events when heavy precipitation coincides with cold spells.


The winter of 2014–2015 in Washington and southwest British Columbia was a preview. At a typical snow-measuring station in a subalpine meadow in the northeast Olympics, precipitation for the winter was normal, temperature was a record 4.5°F above normal, and on 15 April the snowpack held about one-eighth of the normal amount of water. It had melted away to zero snowpack for a week and a half in February. In mid-May, a time when plants and animals are accustomed to several feet of snow on the ground, the meadow was nearly bare. Toward mid-July, when in a past normal year the snow would finish melting and the flowers would bloom in well-soaked soil, the soil was dry and the plants crisp around the edges. This is a challenge that some plants will meet better than others. By July’s end, wildfires started—mostly on the Cascade east slope and the Okanogan Highlands. There was even one in a rainforest valley in Olympic National Park that started in mid-May.


While trees take over some subalpine meadows, the subalpine parkland may actually expand, on net, due to more fires. Driest high meadows could convert to grassland-steppe.


Ice Age warming cycles demonstrated that many plants can survive warming and respond to it by migrating. But many will lose out.


Weeds are winners: the ability to migrate rapidly and to exploit habitats novel to them is most of what put them into our “weed” category in the first place. They also benefit from two trends besides warming: global trade and travel, and nitrogen pollution.


Glaciers are losing out already. Their decline began 150 years ago, as the Little Ice Age relented. The Coast Mountains, with their combination of high elevation, heavy snow, cool marine air, and exceptionally massive ice today, should retain big glaciers through our lifetimes. For the other Cascadia ranges, possibly not. Every decade, some glaciers disappear. On our volcano slopes, thawing and glacier retreat expose old frozen ash to erosion, exacerbating outburst floods.


Fire will be a winner, air quality a loser. The “preview summer,” 2015, saw far more forest acres burn in Washington than any year in the historical record.


Atmospheric rivers on the West Coast are projected to increase in strength and number, so there will likely be more floods and more landslides. Springtime marine air with fog and low clouds is also projected to increase. Streams and rivers will run a little higher in the winter and considerably lower in the summer, because up until now the runoff has been much delayed by the heavy mountain snowpack lasting into June or July. The higher winter flow will increase the flood risk, while the low summer flow will warm in the sun, excluding cold-loving trout from many streams.


If annual precipitation stays as high as the models say, water supply for humans should be a relatively modest challenge in the Northwest, requiring some conservation and some changes in reservoir management. (The biggest challenge related to water supply may be the number of people moving here because we still have enough water.)


South of here lies a region with a climate several degrees warmer than ours, with longer dry summers but with plenty of fog near the coast. That’s the Klamath region of Oregon and California. Madrona grows there better than anywhere, as well as redwoods, the world’s (currently) tallest trees and highest-aboveground-biomass forests. It isn’t a bad climate at all. I just hope the world stops warming before the Pacific Northwest overshoots that climate. But seriously, for the plants, animals, fungi, and all of their symbioses to migrate or adapt to even that big a climate shift will be … interesting.


Plants in general may be able to grow faster and to use water more efficiently, thus consuming CO2 faster and helping to counter our greenhouse gas emissions. That’s probably happening now, but clearly not to a degree that saves us, since one of the things we are most certain of is that atmospheric CO2 has risen relentlessly for decades.


All animal and fungal life owes its existence to oxygen and hydrocarbons produced by photosynthesis. Bacteria were the original fount of free oxygen; the first plants apparently evolved after animals and fungi. Plants then took the baton and ran with it in grand style, though with much ongoing support from bacteria, especially via nitrogen fixation.


In any year, plants consume 20 times as much carbon dioxide as fossil fuels release. They soon release half of that CO2 through respiration, leaving the other half tied up in biomass. The biomass half will also be released if and when the biomass burns or decomposes, so it’s almost a zero-sum game in the long run. Its benign aspect is equal to the amount of carbon tied up in biomass at any given time, plus (especially) the amount tied up long term, in deep sediments and rocks.


Northwest and northern California forests may tie up carbon in biomass better than any other plant communities on earth. In full old-growth flower they contain the greatest amounts of standing biomass per acre. Even richer in carbon is the belowground biomass—the roots, down wood, fungi, and humus in the soil. Cool soil temperatures slow down decomposing bacteria and fungi, so that wood in our soils takes centuries to decompose, in dramatic contrast to tropical rainforest, where it takes a year or two.


Longer-term carbon sequestration typically starts with settling to the anaerobic bottom of the sea, or of swamps. Some of it ends up as fossil fuels, which only release their carbon in meaningful amounts when an organism evolves the ability to dig them up and burn them in mass quantities.
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CONIFERS



If when you think of hiking here in the Pacific Northwest, you think of cool, dark, mysterious forests of huge conifers, you’ve got the right picture. The area made rainy by the mountains of the Pacific Northwest is the Conifer Capitol of the World, the only large temperate-zone area where conifers utterly overwhelm their broadleaf competitors. It grows conifers bigger than anywhere else, and the resulting tonnage of biomass and square footage of leaf area, per acre, is the world’s highest, even greater than in tropical rain forests.


Combined living and dead biomass translates directly to stored carbon, which can help to minimize climate change. Vegetation and the ocean are the two biggest carbon sinks (they absorb more carbon then they release), and the vegetation of Northwest and California coastal conifer forests does this best of all. If we are to get serious about offsetting carbon emissions, we should manage forests to maximize carbon storage.


Our conifers don’t just win growth contests against other trees when each grows in its native habitat, they also outgrow natives of similar climates when they’re planted in each other’s habitats. The superiority must be more in the trees’ genes than in our climate and soil. (Indeed, they seem to grow a little faster in New Zealand than here, and are becoming aggressively weedy there.) Sitka spruce, noble fir, and Douglas-fir have been heavily planted in Europe, New Zealand, and Chile for almost two centuries, whereas the Northwest’s tree farmers have had no reason to try nonnatives. One possible explanation is that European conifer genes were sabotaged by ten to twenty centuries of “high-grading”—logging the best trees and leaving the rest to perpetuate the forest. (High-grading ruled here, too, but only for only a century or so.) Also, our climate may have nurtured the cream of the crop by selecting trees that handle both huge snow loads in winter and, actually, drought in summer.


It’s when the rain falls that makes our region unique. Generally, wet temperate climates on this planet either supply rainfall throughout the year or concentrate it in the warmer months. Here, summer brings low humidity and frequent drought, so severe for weeks at a time that conifers and broadleaf trees alike close their leaf pores, shutting down photosynthesis to reduce water loss through open pores. For a deciduous broadleaf tree, whose activity is confined to the half-year when it has leaves, this is a great handicap. Our evergreen conifers, in contrast, get more than half their photosynthesis done during spring, fall, and even winter, when sunlight and temperature are limiting but moisture is not.


Nutrient uptake during the cooler seasons is similarly crucial, since summer drought shuts down the decay activities that liberate nutrients. Evergreen conifers, though slower than flowering trees in acquiring nutrients, acquire them all year long. They also deploy them efficiently, retaining their needles rather than jettisoning them each growing season.


Sheer size is an advantage here, providing ample storage space for water through summer. In many other regions, typhoons and hurricanes blow through often enough to make the genes for great height and longevity just about pointless. (Even here, the Columbus Day Storm of 1962 killed more trees than any one fire in historical time.)


Lots of popular trails here visit stands whose older trees are older than 400 years. We call them “ancient forest,” yet as a forest community type they are barely out of diapers; they are not the product of millions of years of genetic refinement coevolving in situ. The best estimates say that forests just like our ancient forests have only existed for 3000 to 6000 years. Before the last Ice Age ended 14,000 years ago, our region was too cold for today’s giant conifers; it had forests resembling those in the northern Rockies today. Then for 5000 years it may have been too warm for them; much of the west-side saw frequent fires and supported relatively sparse forests with a lot of alder and even oak. The Georgia-Puget-Willamette Trough held great oak savannas.


Development of the forest community hinged on twists of climate. Ancient forests south of the Olympics largely originated from the ashes of fires between 1448 and 1625. We speculate that that period had dry summers with prolonged strong east winds, to allow so much fire spread. Coastal ancient forests of British Columbia look similar but have much less Douglas-fir, because of the infrequency of fire. These stands developed during a cooler time, the Little Ace Age.


Conifer is a common name for a group of related trees and shrubs, many (but not all) of which bear needlelike leaves and woody cones. (They were formerly treated as a phylum, but botanical systematists today are inclined to either demote the broadest taxa or just call them “clades” without ranking them.) The largest family of conifers, the pine family (Pinaceae, p. 54–77, 79–89) bears both needles and cones. The yew family (p. 78) has needles but carries its seeds singly, in juicy berrylike orbs. The cypress family (Cupressaceae, p. 90–99) has small cones ranging to dry, mealy berries, and has sprays of short, crowded, usually scalelike leaves. Outside of the Northwest there are additional conifer families.


Conifers produce resin, or pitch, a viscous blend of aromatic volatiles (terpenes) evolved as a defense against herbivores and pathogenic fungi. Sticky pitch oozes into holes made by insect larvae, to clog them and trap the larvae, or into the wood near wounds in the bark, to resist fungal attack. Resins provide the aromas of conifer needles and bark. Don’t confuse pitch with sap, the water-based, often sugary liquid that serves the circulatory systems of all kinds of plants. Broadleaf trees rarely have pitch; conifers have both. The pine family is pitchier than the cypress family, which evolved an additional class of volatiles that do an even better job of resisting insects and fungi (p. 92).


All conifers are woody, that is, they are trees or shrubs. They produce true seeds by sexual fertilization, but they lack true flowers. The young cones are the female flower counterparts, receiving airborne pollen from small male staminate cones. Seed plants other than conifers are flowering plants or angiosperms.


Confusion abounds in the many terms for conifers and flowering plants. Flowering trees and shrubs are called broadleaf, even though a few, like heather, have needle-thin leaves while some conifers, like the bunya-bunya, have rather broad ones. To a forester or a lumberman, conifers are softwoods—even those few that are very hard, like yew. Evergreen and its opposite, deciduous, refer to whether the foliage remains alive through more than one growing season; people tend to think of them as synonymous with conifer and broadleaf, but in fact there are several deciduous conifers, like larch, and a great many broadleaf evergreens, like madrona.


Forests and Fire


Forest fire is the prevalent disturbance type that hits forests from the Cascade Crest eastward all across the Rocky Mountains, and in California. That generalization fits pretty well west of the crests as well, but less so northward, becoming untrue in most of coastal British Columbia. That transition into nearly fire-free forests raises interesting questions, especially because it will likely be in play as climate warms.


For a background on fire, look first at our east-side and the Rockies, a fire-ruled ecosystem. Each tree species has a fire strategy. Pines and larches have remarkable and varied strategies, from the fireproof bark of larch and ponderosa monarchs to the uncanny reseeding methods of lodgepole and whitebark pines. Western larch and ponderosa pine are adapted to frequent, low-intensity fires confined mostly to the understory. Individual trees may survive for three to seven centuries, their lower trunks bearing many scars that record a fire history we can read in the tree rings.


In contrast, when fire strikes stands of lodgepole pine, subalpine fir, grand fir, or Engelmann spruce, most are killed right through their thin bark, or when fire climbs into the branches and torches the trees. These are stand-replacing or high-severity fires. In typical forests of those species, all of the trees are roughly the same age, dating from a few years after the last fire. So those low-severity, low-density stands of ponderosa are actually outnumbered (even east of the crests) by denser forests prone to high-severity fire—and more so today than 150 years ago, when parklike ponderosa stands were more extensive (p. 80).


It’s really the forest, more than the climate or the site, that determines fire severity. (Fire severity is a measure of the percentage of overstory trees killed; intensity is a measure of fire heat and height.) A particular site might happen to get seeded with lodgepole pines and soon be prone to high-severity fire, or it might get densely stocked with ponderosa pines, with the same result. That’s right: ponderosa pines aren’t fire-resistant until they mature, and they also need to be spaced apart from each other and from other small trees that can carry flame into the canopy. Achieving that condition takes more than a century, plus a lot of luck. Once reached, it may sustain itself indefinitely, but not perfectly.


If you look at them on a broad enough scale, most fires are mixed-severity because fires are patchy. Ferocious fires skip over some unburned patches; and at the other extreme the tamest ground fires torch or kill a clump of trees here and there. (The strongest determinants of fire type and fire patches—even more than what kind of trees grow there—are weather and the quantity and moisture content of the fuels.)


When you walk through a recent burn, look at the needles to see the patches. In some patches, the needles are still green, on the tree, while the low vegetation may have burned or may have been skipped over. In others, brown needles carpet the ground: that’s a somewhat hotter ground fire. It burned hot enough to kill the trees but not high enough to consume the needles, which fell after things cooled down. Sometimes the dead trees’ bark is barely even scorched, as it doesn’t take much heat to kill our fire-sensitive species. In other patches—after a crown fire (one that spreads from treetop to treetop)—needles have vanished, along with fine twigs on the branches. And in some patches the trees are reduced to black snags. That was a very intense crown fire. Living tree trunks have too much water in them to burn up, but if intense fire returns years later it may consume the snags.
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Six years after a fire in the Olympics.





At its most intense, the Biscuit Fire in southwest Oregon created firestorms that left patches of ground looking like a gravel parking lot. Not only was the organic matter near the soil surface vaporized, but the fine mineral soil near the surface was sucked out, vacuumed sky-high, and carried off. It’s hard to see that level of intensity as anything but destructive. Some burns have failed to regenerate forest vegetation even after many decades. Where a site favorable for forest growth turns, in the course of climate change, into one more suited for chaparral or grassland, that regime shift is likely to wait for a fire to trigger it.


Up until now, though, the great majority of fires were ecologically beneficial. The 1988 Yellowstone fires certainly were.


Shortly after fire the ground looks barren, but within a few years the area may be much brighter green than before the fire. If you come the summer after a fire, check whether the green coming up consists of herbs that seeded in or of shrubs or perennial herbs whose underground parts survived. Seeds themselves can be adapted to travel into the burn on wind or fur or feces, or to wait in the soil for decades without spoiling, and then germinate after they’ve felt the high heat of a fire.


The pioneer plants’ shade and transpiration make new microclimates; their roots, in symbiosis with fungi and bacteria, improve the soil physically and chemically; fast-growing annuals donate their corpses to the humus fund; perennials and shrubs contribute leaves; and forest succession is underway.


Over the past half-century, fire seems to have touched easily half of the forest acreage on the east slope of the Cascades. In contrast, west-side forests are moist enough that fires are usually put out before they get big—but not always, as we saw to our shock and horror in September 2020. The megafires that month spread with stunning speed and inflicted high tree mortality. Though they were likely kicked up a notch by the warmed climate, they roughly fit within the pattern that fire ecologists had described as the long-term norm for this part of the Northwest: large, severe fires occurring infrequently (a few hundred years apart) but often synchronously, during spells when strong regional east winds occurred at the end of an extra-dry summer and before any fall rains. That precisely describes 7 September 2020.


Like the two biggest 20th-Century west-side fires—Yacolt and Tillamook—several 2020 fires burned areas with a lot of recent logging.


What about before white people arrived? What ignited fires? Lightning is not only uncommon all across the west-side, but it’s almost impossible during those strong regional east wind events. (On the night when the 2020 fires blew up, there were no lightning storms around; but one fire plume actually generated a thunderstorm whose lightning bolts helped spread the fire. Two of the fires blew up from lightning fires that had been growing slowly for weeks. All the same, human-caused ignitions did outnumber the lightning ones.)


As for the long-term pattern prior to 1850, scientists argue over the proportion of lightning versus human ignitions. I lean toward the human. Indigenous peoples set countless fires to manage vegetation. Specific purposes in the Northwest included promoting growth of plant species for human consumption (huckleberries); enhancing the yield of the desired plant parts (beargrass) or the ease of collecting them; promoting deer and elk forage; and simply maintaining prairie because they liked it. They preferred to set fires in spring or early summer, when fires were less likely to grow huge.


Whereas post-1850 fires were described in writing at the time, the older ones have to be teased out from tree rings and from fine charcoal in lake beds, leaving us less clear on what they were like. Until recently they were generalized as vast stand-replacing fires. In many areas, though, closer study has detected numerous smaller fires as well as patchy fires that left many canopy trees green. Some confirmation can be seen in the 2017 Eagle Creek fire: though generally severe, it left scattered and patchy tall survivors, enough to seed a new forest.


In a typical old forest, the oldest Douglas-fir cohort embraces a 30- to 100-year age range, suggesting either that regrowth was broken up by several patchy fires in close succession, or that broadleaf trees partially held firs at bay for many decades—or both.


Farther north, the rainy Olympic Peninsula had at least some fires: Indians maintained prairies, and a long-term fire study in the lower mountains found fine charcoal deposited fairly regularly for the past 13,700 years. But within the rainforest valleys, fires—including the only recent ones, Paradise in 2015 and Hoh in 1978—occur mainly on the south-facing slopes. (The Paradise Fire persisted for months, most of the time in the form of mosses and lichens smoldering and flaring. Few conifers caught fire, but many did die. Initial observations suggest they were killed where fire in the duff layer burned their roots, or fire in the canopy epiphytes cooked their needles.) The deep east-west valleys hold fog in and keep sun out, and the valley floors may not have burned for a thousand years. Vancouver Island’s wet side and the British Columbia fjord lands extend that pattern: low sun, steep topography, fog, and heavy precipitation whose summer component increases northward, all resulting in forests whose main disturbances are wind and rot, and fire only on some south-facing slopes.


Since 1950, the trend among forest ecologists has been to view fire as our friend, and to learn to use it as a management tool. They agree broadly that the dry forests need some fire for their health. Programs reintroducing fire to the dry forests have been underway for years.


Though west-side forests are shaped by fire historically, we cannot prescribe fire there and expect desirable results. The argument that suppressing fire now will lead to worse fires later has a sound basis in many dry lands, but less so near our coast. (The sound basis involves increases in tree density, but on the west-side the forests are dense anyway.) And they grade northward into forests that lack much fire but are fairly similar. Granted, without fire there are fewer Douglas-firs. But it takes many hundreds of years for Douglas-fir to die out via succession without fire. Given climate change on the one hand and the number of planted Douglas-firs on the other, I don’t see lack of fire as a threat to Douglas-fir numbers.


The high value of west-side forests as a carbon sink is another reason to prefer that they not burn. They mitigate climate change better with less fire. That said, fire may help maintain healthy heterogeneity, and help forests adapt to climate change by making way for species and genetic strains suited to a warmer climate.


In sum, fire science supports a view that west-side forests should be managed to leave unlogged old-growth completely alone, and on previously logged land to employ logging systems (“variable retention”) that mimic the patchiness of historic fires by leaving sizable clumps uncut, leaving snags and down trees in place, and encouraging mixed or patchy regrowth of both deciduous trees and conifers. Carefully planned patterns of different ages and tree types—including deciduous trees—could potentially interrupt the spread of fires, helping to limit the area burned and to perpetuate patchy diversity.


A warmer world will be effectively drier. There will be fire.


Trees in a Changing Climate


Climate change is affecting our forests in ways that will likely accelerate in our lifetimes.


Looking at climate effects very broadly, we can say that species will adapt by shifting northward and upslope. During the Ice Ages there were cycles of sudden warming that may have been at least as fast; Greenland is thought to have warmed 29°F in 50 years—more than once! No doubt it went a little slower down at latitudes that had trees. Species migrated northward then. It was a chaotic process, taking a thousand years or more to recombine species into long-lasting communities.


Scientists have published many climate envelope studies that look at the exact climate each tree is found in today and plot where that climate would exist at various future dates under various climate models and scenarios. I wouldn’t bet the farm on those predictions. There are too many variables—too many climate variables to make precise climate predictions, and then on top of that you must add uncountable interactions of different organisms responding to climate. How fast does this tree migrate relative to its competitors, including potential new invasive species? Relative to its symbiotic partners? Its herbivores and pests? For long-lived species, will individuals that already tower over the competition be able to live a normal lifespan after their climate envelope shifts away from them? The climate envelope tells you where the species currently competes successfully; but cultivated trees demonstrate good growth in diverse climates. A species’ chances will improve where its competitors fare poorly. In sum, future plant communities, like present ones, will be novel combinations that result from unpredictable coincidences in the trajectories of climate and of other species.


(Climate envelope studies do offer guidance on where to plant species northward. Redwood, say, or western larch, can be planted in all the areas predicted for them. Many plantings may fail; some may succeed, multiply, and replenish the earth.)


Aside from the trees invading subalpine meadows, the predicted range shifts within our range aren’t clearly happening yet. Elsewhere in the West, warming-related regional die-offs have hit two of our trees—aspen and Alaska cedar are declining dramatically due to warming.


Ponderosa pine–Douglas-fir forests, where they occur in other states, commonly fail to regrow after high-severity fires of recent decades. Some cases of this, in very large completely deforested patches, may result simply from a lack of seed trees. In other cases, not only natural reseeding but also planted seedlings fail to survive; apparently the climate that suits them has moved up the mountainside, or northward. Future seed crops could possibly do better, if a series of wetter years happens along. Though this type of failure to reforest hasn’t yet been confirmed on the Cascades east slope, we have to expect it there, since the climate and ecology are similar. Some forests will convert to grassland or brush.


There is a little more certainty regarding broader climate-related trends:


• faster growth with CO2 enrichment


• pests extending their ranges


• slower growth or higher mortality with longer dry seasons


• faster growth with longer snow-free seasons


• more fire


Since carbon dioxide (CO2) is the basic feedstock of photosynthesis, higher concentrations of it in the air can enable plants to photosynthesize more efficiently, using less water, and thereby to grow faster. This is the biggest known negative feedback from rising CO2 levels (negative means it’s a good thing: it keeps CO2 from increasing even faster). While many studies confirm gains in efficiency at the leaf level, results are mixed as to whether they produce a net gain in growth. Studies in our area are among the more positive. Apparently either drought or limited availability of nitrogen block the potential gains in a great many areas. Some soils may take care of the nitrogen limitation, up to a point, as plant roots and symbiotic partners in the soil respond to revved-up photosynthesis by revving up nitrogen cycling.


Insect pests have sweeping effects on tree populations. Some are likely to increase with climate change. For example, the worst pest of Douglas-fir and grand fir, the western spruce budworm, mounts outbreaks that tend to follow droughts. The overall worst recent insect epidemic—mountain pine beetles since 2000—swept into areas that had until now been too cold for this pest to mount epidemics, including higher elevations and much of British Columbia (p. 474).


There’s little doubt that tree mortality from diseases, pests, and fire is on the increase. But what about less visible background mortality? Even in a healthy forest, some trees die most years. Over a recent 30-year period, the percentage of trees dying per year on a set of 47 study plots in the Pacific Northwest shot up from around 0.4 to 1.3 percent. These were protected old-growth forests not hit by fires or pestilences. The authors of this bombshell study ruled out simple forest succession and all other possible causes but one: they speculated that drought stress in the warming climate must be to blame. Less water supports fewer trees. (I hesitate to present that study as established fact until corroborating studies appear; there have been some partially countervailing studies on smaller geographic or time scales.)


Drought stress increases when temperatures rise. As far as a plant is concerned, our region is getting drier even if annual precipitation is going up. And yes, the climate models generally lean toward increased total precipitation for us, at least in winter and spring. But with warmer temperatures, more of that precipitation will be rain, less will be mountain snow. Our “traditional” mountain snowpack doles out water and keeps the streams full well into July. When winter rains alternate with (and tend to melt) winter snow, the winter precipitation will run off much earlier in the year, and will be unavailable for a large part of the growing season. Hotter air also evaporates water faster from soil, creeks, and plant leaves—another reason warmer means dryer, to a plant.


Depending on where you are in our mountains, limits on the plant growing season may include freezing temperatures, burial in snow, or drought. Where it’s snow, most plants should be happy with warming, and trees should grow a little faster. Due to competition, this benign effect makes losers as well as winners. For example, Alaska cedar grows slowly and succeeds mainly on sites too snowy and wet for most trees; even if it grows a bit faster than before it will be outpaced by new competitors in a less snowy world.


On the other side of our range, the dry side, many plants tend to shut down in late summer when it gets really dry. With climate change, that will happen earlier, probably more than offsetting earlier growth in spring. The growing season will be shorter on these sites, tree growth will slow, and drought-stressed trees will be more vulnerable to pests and fire.



CONIFERS: SINGLE NEEDLES



Douglas-Fir


Pseudotsuga menziesii (soo-doe-TSOO-ga: false hemlock; men-ZEE-see-eye: for Archibald Menzies, p. 136). Needles ½–1½ in., varying from nearly flat-lying to almost uniformly radiating around the twig, generally with white stomatal stripes on the underside only, blunt-pointed (neither sharp to the touch nor notch-tipped nor broadly rounded); cones 2½–4 in. × 1½ in., with a paper-thin 3-pointed bract sticking out beneath each woody scale; soft young cones sometimes crimson or yellow briefly in spring; young bark gray, thin, smooth with resin blisters; mature bark dark brown, deeply grooved (up to 12 in. thick with grooves 8 in. deep), made up of alternating tan and reddish brown layers visible in cross-section slice; winter buds ¼ in. long, pointed, not sticky; trunk tapering little, commonly 6 ft. dbh × 250 ft.; biggest living tree, on VI, is 13 ft. 10 in. dbh; tallest today is 326 ft. Almost ubiquitous up to at least 4000 ft. Pinaceae.
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Douglas-fir





This is far and away our most abundant and widespread tree, and one of our biggest. It’s the mainstay of the Northwest timber industry, leading in both volume and high value per board foot. It would be a good candidate for World’s strongest, straightest, fastest-growing tree.


I’ll go out on a limb and claim that it’s also the tallest. The tallest tree standing is a 379-foot coast redwood, but the redwood’s claim is an artifact of early logging, which wiped out the finest Douglas-fir stands. Two felled firs measured by professional foresters were 400 and 393 feet tall; another with fairly reliable stats was said to stand 415 feet. The 400-footer was 13 feet 8 inches thick, rivaling redwoods in bulk as well as height. Logging may have claimed taller redwoods, but no such measurement has come to light. A Doug-fir planted in New Zealand in 1859 is 229 feet tall, probably the world record for a cultivated conifer.


The tree is named for David Douglas, sometimes ridiculously called “the Discoverer of Douglas-fir.” There were many people around these firs for 10,000 years before him. Even to Western science, this species was described by another Scot, Archibald Menzies, botanist on Captain Vancouver’s ships in 1791. The tree didn’t escape Lewis and Clark’s notice either, in 1806. All that was left for Douglas to do in 1825 was to ship its seeds to England, where it was an immediate hit in gardens, and later in plantations. You can say he popularized it.


Douglas called it a pine; later taxonomists tried “yew-leafed-fir,” “spruce,” and finally “false-hemlock,” while sticking with fir for the common name. It is none of these. Like our hemlocks and cedars (two more botched European names), it is in a genus with species in Japan and China.


For a century, while timber extraction ruled Northwest economics, Doug-fir was the top timber species and Washington and Oregon were the top timber states. A century of overcutting finally caught up with us in the 1990s, and fewer board feet of Doug-fir are logged in the United States today than of pines from southeastern plantations. British Columbia is still a huge timber producer, but Douglas-fir’s share of British Columbia’s timber stock and production has generally been around 10 percent.


In earlier decades, clearcuts in Oregon and Washington were replanted in nothing but Doug-fir, seen as the fastest way to regrow lumber, but current advice steers planters away from Doug-fir in locales that have either of two fungal diseases. The first, Swiss needle cast, infests Oregon’s coastal slopes, stunting the growth of Doug-firs so much that hemlocks outpace them. The second, laminated root rot, spreads death slowly and inexorably in patches throughout our region. Both diseases are native; the Swiss described needle cast first, but it got there from here. Swiss needle cast is increasing, perhaps due to warmer winters and wetter springs. Or possibly it wasn’t severe in natural forests simply because Douglas-fir was mixed with greater numbers of spruce, hemlock, and cedar. It’s a threat in the coastal fog belt, the range of Sitka spruce, and much less widely in the Cascades.


Even more than disease, climate change makes mixed planting smarter than monocultures. Some landowners already plant coast redwood in the Coast Range. Since we don’t know which species will do best fifty years from now, we should increase diversity, not only of species but of the geographic sources of each species, favoring diverse sources from farther south and from lower elevations.


Douglas-fir abounds over a wider elevational range than our other trees, and equally so on both sides of the Cascade Crest. On the east slope it is considered shade-tolerant because it is more so than pines and larches, which are most of the competition. East-side canopies are sparser and don’t produce deep shade. On the west, it is seral, meaning it may yield to more shade-tolerant trees in the course of forest succession. It’s seedlings can’t grow in the shade of a closed forest canopy. But canopies don’t stay closed long enough to sweep Doug-fir off the board in Oregon and Washington; there are too many fires and other gap-forming agents, and Doug-firs live too long. Researchers who watched the rate of species change in a 400-year-old west-side forest for 20 years calculated that Douglas-fir would take an additional 755 years to disappear.
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Douglas-fir





Considering how much Douglas-fir there is, it’s remarkable that no insect has evolved to eat it in damaging quantities, let alone kill it in epidemics—at least on the west-side. East of the crest, epidemics of western spruce budworm (a moth larva) defoliate firs and their neighbor trees in great swathes. Trees usually survive a defoliation, but spruce budworm gets lethal when it defoliates a tree two or three years in a row, weakening it to where it dies of other causes. Let’s hope that a drying climate doesn’t bring budworm epidemics to the west-side.




David Douglas


If I were Pope I would canonize David Douglas, giving Northwest backpackers a patron saint. Time and again he set off into the wilderness, usually with Indian guides or Hudson’s Bay Company trappers, but also often alone. He packed a cast-iron kettle, a wool blanket, lots of tea and sugar, trade items such as tobacco and vermilion dye, his rifle and ammunition, and pen, ink, and reams of paper for wrapping plants, seeds, and skins—no shelter usually, no dry change of clothes, no waterproofing but oilcloth for the papers and tins for the tea and gunpowder. Often without food in his pack, he might eat duck, venison, woodrat, salmon, or wapato roots; other days he consoled himself with tea, and berries if he was lucky. Once while boiling “partridge” for dinner, he fell asleep exhausted and, waking at dawn to a burnt-through kettle, counted himself clever to boil up a cup of tea in his tinderbox lid.


He approached each Indian as a potential friend, accepting his dependence on them for food, information, or portage while also knowing some of them would rather kill him or steal from him than barter for his goods: “They think there are good and bad spirits, and that I belong to the latter class, in consequence of drinking boiling water and lighting my tobacco-pipe with my lens and the sun.” Perhaps they didn’t intend to kill Man of Grass quite as many times as he thought.


Douglas was first to put the name Cascades Range in writing.


He figured he walked and canoed 6037 miles of Washington and Oregon in 1825–26. In 1827 he crossed the Canadian Rockies to Hudson’s Bay to catch a ship back to England. For all that, the Royal Horticultural Society paid him their standard collector’s salary of £100 a year, plus £66 for expenses. His mission was to ship them seeds or cuttings to grow lucrative exotics for English gentlemen’s gardens. He enjoyed minor celebrity in London briefly, but soon ran into the proverbial difficulty keeping his head above water in high society.


He undertook a still more ambitious plan to trek from northwest Mexico to Sitka, Alaska, catch a ship to Kamchatka, and hike back the length of Siberia and Russia. He did cover central California, the Columbia region again, and British Columbia to north of Prince George—capsizing on the upper Fraser and losing all his notes, journals, and instruments—before sailing to Hawaii where, at the age of 34, he came to a gruesome end. Out walking alone with Billy, his faithful Scotty dog, he was gored and trampled in a pit trap for feral bulls. Did he fall, or was he pushed? Rumors that he was pushed persist to this day.


As a boy in Scotland, Douglas was too rebellious (hyperactive?) for school. His stonemason father pulled him out at age 11 to apprentice in gardening. As his interest grew, he gleaned a botanical education wherever he could, eventually auditing lectures by William Jackson Hooker, who then took young Douglas on field trips in the Highlands, was impressed with his fanatical drive and enthusiasm, and sent him off to London and fame. Before sailing for northwest America he was briefed by Archibald Menzies (p. 136), who had been there (and described Douglas-fir) in 1792. Despite his spotty education, Douglas wrote eloquently in his journals. In contrast with botanist Thomas Drummond, whose laconic response to the Canadian Rockies was that they “gratified him extremely,” Douglas wrote of


mountains towering above each other, rugged beyond all description; the dazzling reflection from the snow, the heavenly arena of the solid glacier, and the rainbow-like tints of its shattered fragments … the majestic but terrible avalanche hurtling down from the southerly exposed rocks producing a crash, and groans through the distant valleys, only equalled by an earthquake. Such gives us a sense of the stupendous and wondrous works of the Almighty.





Douglas-fir moved into the Northwest fast 14,000 years ago, at the end of the last ice age. Details of its refugia are gradually coming to light. Some areas near the Oregon-California line were probably warm enough for it, but its pollen does not predominate in any ice age pollen study. The warm era between 9000 and 5000 years ago established it in the west-side foothills and lower mountains. Frequent fires apparently kept those forests relatively open, preventing shade-tolerant hemlocks and true firs from becoming abundant. Mature Doug-fir bark, thick and corky, is as fireproof as any in our region.


The seedlings are a winter staple for deer and hares, and the seeds are eaten by small birds and rodents. Bears strip the bark to eat its succulent inner layer (photo on p. 380). This wounds the tree, sometimes fatally, by making an opening for insects or rot; but some trees survive for many decades.


Douglas-fir’s commercial reputation was built upon our legacy of old-growth fir trees. That kind of wood, sold today as CVG (clear vertical-grain) fir, is pricey, since most remaining old growth is now protected from logging. Fir from rapidly grown second-growth trees is softer, lighter, paler, knottier, and weaker—but still stronger than many competing softwoods. A hundred years ago, CVG was nothing special, and was used for beams in any and every building. Beams salvaged from old buildings are now the richest lode of CVG fir.


The most surprising commercial use of Douglas-fir is in fine alcoholic spirits—an eau de vie infused with young Douglas-fir branch tips. Distiller Steve McCarthy “struggled with getting the intense spring conifer aroma of the Douglas Fir, the citrus flavor, and the emerald green/chartreuse color of the buds to reveal themselves in the same batch.” After 15 years of trials, he got it. A hint of sweetness in it recalls the legendary “Douglas-fir sugar,” a treat exuded by Douglas-fir needles under rare weather conditions in northeastern Washington.


Other Indian uses of the tree were also minor: sap could be chewed, thick bark gathered for fuel, and the trident-bristling cones, either tossed into the fire or gently warmed next to it, fortified people’s hopes for a break in the weather. Douglas-fir wood was economically unimportant until white men came with steel tools; redcedar was much preferred, both for aesthetics and for ease of working. Only in Hawaii were the war canoes made from Doug-fir. That’s right: Doug-fir drift logs washed up on Hawaii shores.


In a Christmas tree lot, the fragrant trees are true firs, not Douglas-firs. But in the early summer midday sun on a Cascade slope, their foliage emits a heavenly balsam with a hint of strawberries.


Western Hemlock


Tsuga heterophylla (TSOO-ga: hemlock in Japanese; hetero-FILL-a: varied leaves). Needles of mixed lengths, ¼–¾ in., round-tipped, flat, slightly grooved on top, with white stomatal stripes underneath only, spreading in flat sprays; most cones just ¾–1 in. long, thin-scaled, pendent from branch tips; mature bark up to 1 in. thick, platy, checked (almost as much horizontal as vertical texture); inner bark streaked dark red-purple; branch tips and treetop leader drooping; commonly 42 in. dbh × 200 ft.; champion tree is 9 ft. 1 in. dbh, in OlyM; tallest is 259 ft. in nw CA; greatest ring count was 1238, but such longevity is rare. Pinaceae.
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Western hemlock





My image of western hemlock is of a sapling’s limbs, their lissome curves stippled a soft green made incandescent, in the understory dimness, by a stray swath of sunlight. Western hemlock is far and away our commonest understory sapling, owing to its efficiency at utilizing those scant filtered rays—its shade tolerance. Coastal British Columbia has more of it than any other tree species, and it is the state tree of Washington.


Western hemlock does not grow as large (nor live as long) as the largest Douglas-firs, Sitka spruces, or coast redwoods. Nevertheless, hemlocks tend to replace those behemoths in forest succession. Size and longevity may impress humans, but as competitive strategies they are useful mainly to trees that need a major disturbance in order to establish seedlings, and hence need old seed trees to hold out until the next such opportunity. Hemlock does not.


Notice the profusion of little hemlock cones on the forest floor, or on the tree, lending it a purplish cast. Cones are produced copiously every year—unlike most other conifers that drastically vary their seed production in order to limit the numbers of seed-eating creatures. Each year, a mature hemlock drops more than one viable seed per square inch under it. Precious few of them will grow into trees, especially if they land on the ground. More than any other species, western hemlock reproduction is confined to rotting logs, snags, and rootwads (p. 76).


On the Oregon coast, very young pure hemlock stands produce biomass at the fastest rate yet measured in the world. On into maturity, hemlock stands do well with density, and often hold a greater volume of wood than a like-aged stand of larger but necessarily sparser Douglas-firs. Hemlocks achieve their efficiency partly by sheer leafiness—a 6-inch trunk can support over 10,000 square feet of leaf surface area, almost twice as much as Douglas-firs. While the greater leaf area catches more light, it also loses more moisture; shade tolerance tends to be a tradeoff against drought tolerance.


A moth caterpillar called the hemlock looper is western hemlock’s only serious pest. Historically, outbreaks were infrequent but locally severe. They tend to correlate with consecutive warm summers that stretch out into dry Septembers, the season when the moth flies and lays eggs. These conditions are becoming more frequent.
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Western hemlock





With thin bark and shallow roots, hemlocks are vulnerable to fire, wind, and heart rot. A high proportion develop heart rot by age 200, and become hollow. A hollow tree eventually snaps and falls in a big piece, instantly creating a canopy gap that lets sun in, enabling understory plants to grow.


Competitive advantages surely must exist to make western hemlocks much more numerous than Pacific silver firs at lower elevations, and vice versa. However, each can thrive at the other’s elevation. Most of the biggest and oldest western hemlocks are up in the silver fir zone, apparently because cold inhibits the rot fungi, allowing the hemlocks to survive much longer.


Indian Paint fungus, Echinodontium tinctorium, is hemlock’s chief heart rot agent. It produces huge hard conks (shelf-like fruiting bodies) that were traded throughout the West as the first-choice pigment for red face paint. They were ground to powder and mixed with animal fat. Northwest tribes smeared hemlock pitch on their faces as a dark sticky base for face paint, or to prevent chapping. They used tannin-rich hemlock bark to tan skins; to dye and preserve wood (sometimes mashed with salmon eggs for a yellower dye); to shrink spruce-root baskets for watertightness; to make nets invisible to fish; and on their own skins to stop bleeding.


Under the bark lies a soft layer that some tribes ate to tide them over the lean times of late winter, after the dried salmon was all eaten or putrid. Countless hemlocks (and some Sitka spruces and other trees) died, their bark stripped to keep the Indians from starving. Though edible fresh, the “slimy cambium” was preferred steamed in pits over heated rocks laden with skunk-cabbage leaves, then pressed with berries and dried in cakes for later consumption with the universal condiment, eulachon oil.


The English word hemlock traces back to the year 700 as applied to deadly parsleys known for their role in Socrates’s execution. The English somehow saw parsley in the lacy foliage of a New England conifer, which they called hemlock spruce—later shortened to hemlock.





Succession vs. Chance



In the forest you can see a succession of slow changes—different kinds of conifers increasing or decreasing in number, stature, and health or vigor. It might look like this: deep forest; canopy foliage way up out of view; the biggest trunks mostly groove-barked Douglas-fir; a few fibrous-barked redcedar and checkery-barked western hemlock; ground profusely littered with cones conspicuously including Douglas-fir cones with their three-pointed bracts; but the saplings are hemlock—not one Douglas-fir! If it all could age several centuries without other forces coming into play, the Doug-firs would die and hemlocks, along with silver firs in higher forests, would replace them in succession.


This would happen because hemlocks tolerate understory conditions (primarily shade) but intolerant young Doug-firs do not survive the deep shade of west-side forests. Western hemlock and Pacific silver fir are the most tolerant tall trees here and possibly anywhere in the Temperate Zone. Old-growth forests containing a lot of them are considered late-successional.


Succession used to be thought of as a predictable series with a stable end-state called a climax community; the series would reach climax if it wasn’t interrupted by a disturbance such as a forest fire, flood, blowdown, landslide, avalanche, or logging. Ecologists have learned that it’s not that simple. Disturbances come in infinite shapes and sizes, they’re prevalent, and even without them the path of succession has countless random elements and feedback loops. For example:


Plants alter the soil to stabilize their own positions. Though hard to see and insufficiently studied, the changes are profound. They involve soil texture; acidity; beneficial mites and protozoans; beneficial fungi; antagonistic fungi; and allelopathic chemicals produced by one plant species and toxic to others.


Browsers, grazers, and predators alter vegetation. Human actions thus pervade wilderness, as when elk hunting and wolf eradication outside Olympic National Park caused elk to concentrate in park valleys, affecting seemingly pristine rain forests.


Mycorrhizal fungi can transfer carbohydrates from big trees that produce them to little seedlings that need them. This subsidy helps determine which seedlings survive long enough to take advantage of a canopy gap and become independent.


Gaps are key. Even a hemlock or silver fir will slow to negligible growth for many decades in deep shade, and will reach canopy stature only if a gap opens for it to grow into. Wind can create gaps, though most windthrown trees here are already victims of rot fungi.


Fungal (rot) diseases create gaps by killing some dominant trees. One root rot species lives and expands for well over 1000 years, slowly killing several kinds of conifers within its perimeter. The resulting patches have more diversity of both animals and plants, including more broadleaf trees.


The classic parklike ponderosa pine forest results from frequent low-intensity fires (p. 80). That can be a steady state for a very long time, but since fire is a disturbance, what’s the climax community there?


Fungal diseases, insect infestations, and fires (or lack of them) all interact.


Certain understory plants (for example, peat mosses, salmonberry, and manzanita) can take over and prevent tree growth indefinitely. Chance variables determine when and where this happens. Many boreal forests tend to be replaced by treeless muskeg, but this is forestalled where enough trees are windthrown, their roots raising mineral soil for tree seedlings to grow on.


Plants alter climate. In our mountains, old lichen-draped trees can double local precipitation by intercepting cloud droplets; young forests are less effective at this, so precipitation can shrink a lot locally following logging or a fire. In the Amazon basin overall, the rainforest doubles rainfall by recycling it through transpiration.


Climate is always changing. It can oscillate from year to year (El Niño and La Niña); it can slide over a 50-year period or flipflop drastically in the space of a decade; changes can be regional or global, natural or human-caused. The old-growth forests we know developed during the Little Ice Age; forests originating over the past (warmer) century cannot exactly duplicate them.


Feedback loops tend to involve at least three species, often from three kingdoms. Trying to study a relationship between just two species often produces an incomplete or distorted picture. Understanding ecology requires understanding whole systems.





Mountain Hemlock


Tsuga mertensiana (mer-ten-see-AY-na: for Karl H. Mertens, p. 147). Also black hemlock. Needles ½–¾ in., bluish green with white stomatal stripes on both top and bottom, somewhat ridged and thus 3- or 4-sided, radiating from all sides of twig, or upward- and forward-crowding on exposed timberline sites; cones 1–2½ in., light (but coarser than spruce cones), often purplish, borne on upper branch tips; bark much furrowed and cracked; mature crown rather broad; also grows as prostrate shrub at highest elevs; commonly 36 ft. dbh × 110 ft. (average much smaller); biggest tree of our subspecies is 4 ft. 2 in. dbh × 194 ft.; the CA subspecies has stouter specimens, but not taller ones; oldest about 1400 years. Subalpine; abundant near and w of both crests. Pinaceae.
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Mountain hemlock





The compact, gnarled shoulders of mountain hemlocks shrug off the heaviest snow loads in the world, from the Sierra Nevada to southeast Alaska’s coastal mountains. At every age, this species’ form is brutally determined by snow. The seedlings and saplings are gently buried by the fall snows, then flattened when the snowpack, accumulating weight, begins to creep downslope. When tramping across the subalpine snowpack on a hot June afternoon, you can almost hear the tension underfoot of all those young trees straining to free themselves and begin their brief growing season. The stress of your foot on the surface may trip some unseen equilibrium, snapping a hemlock top a few feet into the air. After the trees grow big enough to take a vertical stance year-round, they may keep a sharp bend at the base (“pistol-butt”) as a mark of their seasons of prostration. Even in maturity they may get tilted again, on sites so steep and unstable that even the soil creeps downslope. Their crowns grow ragged from limbs breaking.


Some limbs, after being encased in snow the better part of the year, spend the remainder matted with snow mold, a weird black fungus, Herpotrichia nigra (which translates to “creeping black hair,” but the really hairlike black stuff is horsehair lichen, p. 334). Fortunately, snow mold isn’t as deadly as it looks.
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Mountain hemlock





Mountain hemlock is the predominant timberline tree of the wetter half of our subalpine zone. Eastward, it mixes with increasing numbers of subalpine firs, which predominate still farther east and may mix with whitebark pines or alpine larches. A little lower are the closed subalpine forests where it shares dominance with Pacific silver fir except in areas hit by laminated root rot (p. 314), which is deadlier to hemlocks than to true firs. Mountain and western hemlocks seldom grow in the same place; where they do, they may hybridize.


Subalpine Fir


Abies lasiocarpa (AY-beez: Roman for fir; lazy-o-CAR-pa: shaggy fruit). Also A. bifolia. Needles ¾–1½ in., bluish green with one broad white stomatal stripe above and two fine stripes beneath, usually curving to densely crowd the upper side of the twig, tips variable; cones purplish gray to black, barrel- to cigar-shaped, 2½–4 in. × 1¼ in., borne erect on upper branches, dropping their seeds and scales singly while the core remains on the branch; bark thin, gray, smooth except in great age, without superficial resin blisters; upper branches short, horizontal, lower branches at ground level, long; commonly 2 ft. dbh × 100 ft., or shrubby, prostrate; biggest tree is 6 ft. 8 in.; tallest is 171 ft.—both in WA. Abundant at timberline, more so eastward; rarely down to low elevs. Pinaceae.
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Subalpine fir





The peculiar narrow spires of subalpine firs, ubiquitous at timberline here and in the northern Rockies, stay in my mind’s eye as the archetype of a subalpine tree. The upper limbs are short and stubby because, being true fir limbs, they’re stiffly horizontal and brittle; if they were long, they wouldn’t hold up to the snow and wind in the subalpine zone. The long lower limbs escape those stresses by spending the winter buried in the snow; their way of hugging the ground puts them where they need to be for layering, or reproducing by sprouting new roots, and then stems, from branches in contact with soil.




[image: Image]


Subalpine fir








Timberlines



Timberline is really an elevation belt encompassing three lines, each rather irregular:


Forest line is the upper boundary of continuous closed forest growth. Meadows enclosed by forest may also occur below forest line at any elevation, usually due to patch fires or to soil peculiarities. (Lower timberline is the similar boundary on the Cascades’ east slope below which forest gives way to steppe.)


Tree line is the upper boundary of erect tree growth.


Scrub line is the upper boundary of conifer species growing in the prostrate, shrubby form called krummholz (“crookedwood”).


Everything above tree line is alpine. Everything between forest line and tree line—a mosaic or parkland of meadows, heather, tree clumps, and sometimes rocks—is subalpine. It’s deceptively broad: we think we’re at tree line until we look a thousand feet up the slope and see trees in crevices on the crags. The term “subalpine forest” combines the parkland tree clumps with the highest elevational belt of closed forests, defined mainly by the dominance of subalpine trees species like mountain hemlock, subalpine fir, and Alaska yellow cedar.


Not cold itself, but length of the snow-free season determines our upper timberlines. Needles need enough time to grow and then harden to protect themselves against freezing. Once hardened, they can easily handle winter temperatures here. Ecologists distinguish our timberlines from the “cold timberlines” in many parts of the world. Thanks to the prodigious amounts of snow here, we get a lower tree line and thus a wider subalpine parkland belt.


Though a little bit of lasting snow may be a conifer’s friend up on windswept alpine ridges, deep long-lasting snow is the biggest hindrance to tree establishment in subalpine parkland. (Another is downslope snow creep, which scours seedlings away.)


Once seedlings are several feet tall they can start photosynthesizing long before the snow is gone, but making it past the seedling stage in the open requires a run of longer than average snow-free seasons. Such a run between 1920 and 1945 started a generation of trees scattered across subalpine meadows. Region-wide tree invasion of subalpine meadows has resumed in recent decades.


Such invasions contrast with the normal mode of slow tree-clump expansion. It’s easier for seedlings to get their start next to a tree, for two reasons. First, most subalpine trees are adept at layering, or growing a new stem where branches in contact with earth take root; the parent limb feeds the new shoot intravenously, a big advantage over growing from seed. Second, during spring thaw tree foliage, being dark, absorbs more of the sun’s heat than open snow does, and melts itself a little well in the last few feet of snow. The well is a microsite with a growing season several weeks longer than the surrounding meadow—just what seedlings need. Hence trees in subalpine parkland typically grow in tight, slowly expanding clumps, often elongated downslope into a teardrop shape. Look for a sort of successional sequence from the edge of a tree clump inward, such as red heather to black huckleberry to white rhododendron to subalpine fir to mountain hemlock to silver fir. Sometimes the pioneer trees in the center die and nothing but shrubs manages to grow there, leaving a hollow tree clump or timber atoll.




OEBPS/images/f0044-01.jpg





OEBPS/images/pub.jpg





OEBPS/images/f0002-01.jpg





OEBPS/images/f0038-01.jpg





OEBPS/images/f0038-02.jpg





OEBPS/images/f0059-01.jpg





OEBPS/images/f0059-02.jpg





OEBPS/images/f0055-01.jpg





OEBPS/images/f0055-02.jpg





OEBPS/images/f0030-01.jpg





OEBPS/images/f0004-01.jpg





OEBPS/images/f0027-02.jpg





OEBPS/images/f0063-01.jpg





OEBPS/images/f0027-01.jpg





OEBPS/images/f0063-02.jpg





OEBPS/images/f0029-01.jpg





OEBPS/xhtml/nav.xhtml




Contents





		Cover



		Dedication



		Preface



		Acknowledgments



		Organization



		Naming



		Landscape



		Climate



		Conifers



		Flowering Trees and Shrubs



		Flowering Herbs



		Ferns, Clubmosses, and Horsetails



		Mosses and Liverworts



		Fungi and Lichens



		Mammals



		Birds



		Reptiles



		Amphibians



		Fish



		Insects



		Other Creatures



		Geology



		Keeping Track



		Abbreviations and Symbols



		Glossary



		Resources



		Sources of Direct Quotations



		Photography Credits



		Index



		About the Author



		Copyright











Guide





		Cover



		Contents



		Preface



		Acknowledgments











Page List





		1



		2



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		54



		55



		56



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		136



		137



		138



		139



		140



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		159



		160



		161



		162



		163



		164



		165



		166



		167



		168



		169



		170



		171



		172



		173



		174



		175



		176



		177



		178



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196



		197



		198



		199



		200



		201



		202



		203



		204



		205



		206



		207



		208



		209



		210



		211



		212



		213



		214



		215



		216



		217



		218



		219



		220



		221



		222



		223



		224



		225



		226



		227



		228



		229



		230



		231



		232



		233



		234



		235



		236



		237



		238



		239



		240



		241



		242



		243



		244



		245



		246



		247



		248



		249



		250



		251



		252



		253



		254



		255



		256



		257



		258



		259



		260



		261



		262



		263



		264



		265



		266



		267



		268



		269



		270



		271



		272



		273



		274



		275



		276



		277



		278



		279



		280



		281



		282



		283



		284



		285



		286



		287



		288



		289



		290



		291



		292



		293



		294



		295



		296



		297



		298



		299



		300



		301



		302



		303



		304



		305



		306



		307



		308



		309



		310



		311



		312



		313



		314



		315



		316



		317



		318



		319



		320



		321



		322



		323



		324



		325



		326



		327



		328



		329



		330



		331



		332



		333



		334



		335



		336



		337



		338



		339



		340



		341



		342



		343



		344



		345



		346



		347



		348



		349



		350



		351



		352



		353



		354



		355



		356



		357



		358



		359



		360



		361



		362



		363



		364



		365



		366



		367



		368



		369



		370



		371



		372



		373



		374



		375



		376



		377



		378



		379



		380



		381



		382



		383



		384



		385



		386



		387



		388



		389



		390



		391



		392



		393



		394



		395



		396



		397



		398



		399



		400



		401



		402



		403



		404



		405



		406



		407



		408



		409



		410



		411



		412



		413



		414



		415



		416



		417



		418



		419



		420



		421



		422



		423



		424



		425



		426



		427



		428



		429



		430



		431



		432



		433



		434



		435



		436



		437



		438



		439



		440



		441



		442



		443



		444



		445



		446



		447



		448



		449



		450



		451



		452



		453



		454



		455



		456



		457



		458



		459



		460



		461



		462



		463



		464



		465



		466



		467



		468



		469



		470



		471



		472



		473



		474



		475



		476



		477



		478



		479



		480



		481



		482



		483



		484



		485



		486



		487



		488



		489



		490



		491



		492



		493



		494



		495



		496



		497



		498



		499



		500



		501



		502



		503



		504



		505



		506



		507



		508



		509



		510



		511



		512



		513



		514



		515



		516



		517



		518



		519



		520



		521



		522



		523



		524



		525



		526



		527



		528



		529



		530



		531



		532



		533



		534



		535



		536



		537



		538



		539



		540



		541



		542



		543



		544



		545



		546



		547



		548



		549



		550



		551



		552



		553



		554



		555



		556



		557



		558



		559



		560



		561



		562



		563



		564



		565



		566



		567



		568



		569



		570



		571



		572



		573



		574



		575



		576



		577



		578



		579



		580



		581



		582



		583



		584











OEBPS/images/f0018-01.jpg
THEPACITIC N






OEBPS/images/f0001-01.jpg





OEBPS/images/f0039-01.jpg





OEBPS/images/f0033-02.jpg





OEBPS/images/f0033-01.jpg





OEBPS/images/9781643261133.jpg





OEBPS/images/f0026-01.jpg





OEBPS/images/f0062-01.jpg





OEBPS/images/f0062-02.jpg





OEBPS/images/f0049-01.jpg





