

[image: Image]






Thank you for downloading this Simon & Schuster ebook.





Get a FREE ebook when you join our mailing list. Plus, get updates on new releases, deals, recommended reads, and more from Simon & Schuster. Click below to sign up and see terms and conditions.







CLICK HERE TO SIGN UP







Already a subscriber? Provide your email again so we can register this ebook and send you more of what you like to read. You will continue to receive exclusive offers in your inbox.









[image: images]

SNAKE RIVER FINESPOTTED CUTTHROAT TROUT


Oncorhynchus clarki behnkei








[image: images]






Foreword



Thomas McGuane


Trout and Salmon of North  America is as much a celebration as a guidebook. The mystery and particularity of so many members of a great family, brilliantly described and handsomely portrayed, enlarge our capacity for wonder: rainbow trout of the Mexican highlands living on terrestrial insects, rainbows of Kodiak Island gorging on sockeye eggs, brown trout in the suburbs of New York, Atlantic salmon born in Connecticut feeding under the pack ice of Greenland, Pacific salmon returning to natal rivers in a kaleidoscope of physical change, brook trout sipping midges in Appalachia or in the pristine waters of Labrador, steelhead from a chaparral-crowded California creek navigating the Gulf of Alaska, Chinook salmon killing wolf eels in the deep North Pacific— are all cousins whether found in boreal forest, tundra, desert, alpine lakes, or mid-ocean. These great and diverse species of fishes with which we live may yet be better understood thanks to this elegant book.


Raising public awareness about fishes is a greater challenge than it is for birds. Fish don’t come to the feeder. We can’t watch them with binoculars. They don’t migrate over our roof or identify themselves through song when they can’t be seen. Nevertheless, because most of mankind lives next to seas and rivers, fish subsist in real proximity to us and are, in countless ways, our dependents. Yet they live in great mystery.


Naming, describing, classifying, and, in general, accounting for fish is the business of taxonomy and it is strenuous duty. Driven by such intangibles as philosophy and judgement, taxonomy is not quite, and is more than, a science. Imagine accurately describing fish that, after half a million years in a specific biome, have by the time of the arrival of Europeans in North America been reduced to one or two museum specimens preserved in a jar. Such miracles of resurrection have actually been achieved in this book.


Glaciation, millennial drought, ancestral invasions, tectonic shift, plate migration, ancient isolation of basins, headwater interbasin transfers, ice dams, lava flows, lakes and landslide ponds, interference by well-meaning men with mules and milk cans transporting baby trout to places trout had never been—histories of separation and combination often involve co-evolution with other species over timescapes of a million years and are only recently beginning to be unwound in the maps of genes. These studies are eternally compromised by the simple fact that even molecular genetics is not a certain predictor of morphologies or life histories.


Evolutionary relationships sometimes contradict external traits. The profusion and placement of spots, numbers of vertebrae, parr marks, bands, colors, fin shapes, run timing, number of scales, and kinds of teeth all can lead the taxonomist toward or away from the truths of a species’ history. Is this fish lacustrine, fluvial, resident, or sea-run? Is the steelhead a trout or a salmon? Did the cutthroat give rise to the rainbow? Should we view rare stocks as “heritage” trout? How should we manage a small creek that arises from a spring and vanishes in its own streambed, appearing to the ignorant as an innocuous ditch, but containing a population of trout that has remained uncontaminated for thousands of years? Will we ever thoroughly understand how the magnetite in the noses of trout and salmon supplies geographical data for celestial navigation? How do we quantify the risk of extinction? And where do we place beauty? Or that ghost chorus of departed species?


The very names of our salmonids tie us to other peoples: the Koryak of Kamchatka, the Kootenay, the Inuit. They had the idea of these fish first and deserve consultation in their management. When we built Grand Coulee Dam and disfigured our own heritage by destroying a thousand miles of streambed salmon habitat, consultation with these forebears as to the eternal aspect of wild things might have played to our long-term advantage and led to a real accounting as to our wealth as a people. We’ve been thinking about our salmonids for a long time. They were first described by a member of the Coronado expedition; Lewis and Clark first took note of the cutthroat trout; and General Crook chose to angle for them while his colleague Custer fell at Little Big Horn. It’s time we embraced them in their bounteous variety.


The rise of mankind has been a calamity for the natural world as there becomes less room for everything but man. Loss of habitat comes first, of course; then, the Four Horsemen of the Apocalypse: livestock grazing, logging, mining, and irrigation. Our attempts to overrule evolutionary isolation through fish culture, while well meaning, have abrogated adaptational strategies and increased vulnerability to disease and event-specific catastrophe. Against a great and stirring timescape in ancestral headwaters, the diversity of fishes has been a cascade of jewels, while indiscriminate hybridization has produced a besetting and assailable uniformity. It is urgent that we place value upon diversity so that its loss can be reckoned as cost. Robert Behnke says it here best: “All hereditary changes brought about by artificial selection for more efficient rearing in fish culture are contrary to natural selection, where the sole criterion is survival to reproduction in the wild.” In issues of resource management, the expenditure of diversity should appear on the balance sheet as the gravest entry of all.


Anglers are often activists for aquatic conservation, but their sometimes inadequate skills of discernment have not sufficiently guaranteed diversity. They have occasionally concluded that the struggles of imperiled fish for survival are signs of unfitness. In Idaho, attempts to restore stocks of native cutthroat have been defeated by anglers insisting on their right to fish for hybrids. My home state of Montana has lost more than 90 percent of its westslope cutthroat, the state fish. A local politician suggested that if the state fish was endangered then Montana should pick a more abundant species, thereby avoiding the burdens of protection. A mind thus festooned with ignorance is unlikely to inform itself, but the informed angler will prefer and demand diversity.


Until biodiversity is made tangible, it can never be reckoned as cost. The expensive absurdity of “mitigation” as fish climb ladders, lose direction in reservoirs, ride barges around dams, and attempt to survive passage through turbines cannot be properly appreciated until the tragedy of lost stocks is understood. All salmon, all trout, are not the same. The native cutthroat trout of Pyramid Lake, the largest of all our trouts, reaching more than 60 pounds and representing a millennial horizon of evolutionary development, was extinguished forever by an irrigation diversion courtesy of the United States Bureau of Reclamation. This is but the most dramatic of a gloomy whirlwind of shortsighted management decisions possible only in a credulous, misguided, and uninformed public that in surveying its surroundings, has not learned to look closely or acknowledge the complexities of creation. Behnke and Tomelleri have looked closely, and their appreciative readers will find themselves capable of better citizenship than their predecessors in seeing to the well-being of this birthright.


Familiarizing ourselves with elements of the natural world inevitably makes us resist the disappearance of these elements from our lives. Our North American world has been inestimably glorified by its abundant fishes, and, like our birds and mammals, they can never be sufficiently familiar. Robert Behnke has given the trout and salmon of North America a plurality of remarkable voices; Joseph Tomelleri has enabled us, astoundingly, to see them.





Introduction



ORIGINS AND EVOLUTION  Fifty million years ago, enormous rivers known today as the Yukons flowed into the Pacific Ocean from a high plateau in the Pacific Northwest. Deep and wide, the Yukons left deposits 600 feet (180 m) high, and buried among these layers of rock were nuggets of gold that would one day drive fortune seekers toward the American West. Surrounded by subalpine vegetation, the Yukons and their tributaries teemed with life. Swarms of fishes including suckers, herring, primitive bonytongues, and hulking 2-ton (1,800-kg) sturgeon swam in these ancient waters. One of these fishes, a nimble trout, would dart after insects and chase smaller fishes, then scurry beneath a log for cover. Perhaps the progenitor of all modern trout and salmon, Eosalmo driftwoodensis is the earliest known salmonid fossil. It is considered by the few experts of ancient freshwater fish fossils (paleoichthyologists) to be a member of the subfamily Salmoninae. During the time of the Yukons—the Eocene epoch—North America was situated farther north than it is today. Ending its 150-million-year-old union with Greenland, Europe, and Asia, the supercontinent Laurasia was breaking apart and the future basins of the Atlantic and Arctic Oceans were filling with inrushing sea water. The climate was cool near the Pacific coastline where the Eocene Yukon Rivers flowed. We can assume that Eosalmo was abundant, but we can only imagine what the other distant relatives of trout and salmon might have looked like. Their fossil remains are waiting to be found.


Inland from the Pacific basin, a number of large lakes known as the Green River Lakes stretched across what is now the central Rocky Mountain region. Lake Uinta, Lake Gosuite, and many others stretched for 100 miles (160 km) in each direction. The climate here was apparently warmer and the fish fauna was quite different from the coastal regions where Eosalmo flourished. Warm-water fishes whose descendants are well known today were abundant. No salmonid-like fishes were swimming in these inland lakes of present-day Wyoming, Utah, and Colorado. Their presence in this region of North America would have to wait 30 million years for the Rocky Mountains to emerge, and another 15 million or so for the mountains to slowly rise and the Pleistocene ice ages to come and go, leaving cold mountain streams and alpine lakes. Eventually, about a million years ago, ancestors of all modern cutthroat trout traveled up the Columbia and Snake Rivers; through main stems and tributaries, over waterfalls, up cascading streams and tiny, meandering, alpine meadow creeks; over mountain divides and then only 100,000 years ago, over mountains into the upper Snake and Green Rivers; into the Bonneville basin and the Uinta Mountains; from the Green River into the Colorado River basin; and finally about 10,000 years ago with more headwater transfers to the basins of the Platte, Arkansas, and Rio Grande. By the time Columbus was making his passage across the Atlantic Ocean, these beautiful modern cutthroat trout had found their way into most of the available habitat in the Rocky Mountains, culminating an epic journey of their own through water and time.


To comprehend the evolutionary history of trout and salmon, one must take a perspective completely removed from ordinary human experience. One must think not only in millions of years, but in tens and even hundreds of millions of years. We imagine human beings emerging in the long-distant past, but humans, including our very early ancestors who left footprints in Africa 3.7 million years ago, have been around for a very short time compared to trout; the species Homo sapiens has existed for perhaps only 100,000 years. We know that trout-like fishes of the family Salmonidae were swimming in the cool and cold freshwater habitats of the Earth when dinosaurs dominated the planet.


The complete evolutionary history of salmonids and other fishes can only be imagined, based on a limited amount of physical evidence in the form of fossils. What fishes were the progenitors of the 50-million-year-old Eosalmo? There is no evidence.


A scenario depicting the evolution of salmonid fishes must be regarded as simplified and as a “best estimate” drawing upon limited information.


Origins of Salmonidae


Reconstructing the evolutionary past of trout and salmon is analogous to describing the picture on a 2,000-piece jigsaw puzzle when one has only a few pieces. Yet from very limited evidence, some reasonable conclusions may be drawn. The evolutionary history of salmonids begins with the origin and diversification of bony fishes in the Devonian period of the Paleozoic era (408 to 360 million years ago)—the Age of Fishes. The oldest fossil related to all modern vertebrates, the ostracoderm (a jawless, bony-plated fish), dates to about 490 million years ago. By the late Devonian—some 100 million years later—enough evolutionary changes had accumulated to allow the separation of not only the major groups of fishes found today, but also the first tetrapods (terrestrial vertebrates) that would later give rise to all reptiles, birds, and eventually mammals.


The two main lines of jawed fishes— the cartilaginous fishes, including modern sharks, skates, and rays, and the bony fishes— had become established by the end of the Devonian period. The bony fishes had branched into three main evolutionary lines that persist today: the lungfishes, the coelocanths, and the more familiar ray-finned fishes. The early ray-finned fishes, ancestors to all bony fishes present today, including trout and salmon, eventually blossomed into the largest of all main vertebrate groups—the Modern Teleosts, which include some 35,000 species, or 95 percent of all living fish species.


Today, the order Salmoniformes includes the families Salmonidae (whitefishes, graylings, trout, salmon, and char), Osmeridae (smelts), and Plecoglossidae (ayu) from the Northern Hemisphere, as well as several families from the Southern Hemisphere. Exactly when the family Salmonidae first appeared on Earth will be known only when more fossils are discovered. Until then, the current assumption is that fishes recognizable as salmonids were present some 100 million years ago.


We can speculate that the beginning of the family Salmonidae was associated with a doubling of the chromosome number of an early ancestor. This event, known as tetraploidization, left all species in the family Salmonidae with four copies of each chromosome (tetraploid) instead of the typical two (diploid), or about twice the amount of DNA as species from other families in the order Salmoniformes. Thus, whitefishes, graylings, trout, and salmon all have a complexity of genetic material that unites them as a group and distinguishes them from most other fishes.


After Eosalmo driftwoodensis, which existed some 50 million years ago, there is a void of about 30 million years in the fossil record of early salmonids resulting in a significant gap of information. However, fossils found in the western United States reveal that by the end of the Miocene epoch (24 to 5 million years ago), the major branches of the subfamily Salmoninae were well established: One branch leads to the Eurasian lenok (Brachymystax) and taimen (Hucho), one to char (Salvelinus) with a Holarctic distribution, another to brown trout and Atlantic salmon (Salmo) of the Atlantic Ocean basins, and a fourth to Pacific salmon and trout (Oncorhynchus).


Several extinct and extant genera are represented in North American fossils from the middle Miocene and early Pliocene epochs (5 to 2 million years ago), including Rhabdofario, Paleolox (or possibly Hucho), Salmo, Oncorhynchus, and the very unique saber-tooth salmon, described as a new genus, Smilodonichthys. Most of the fossils from this period represent fish that are very similar to modern trout and salmon. The extinct sabertooth salmon, however, was quite different from any living salmonid. It grew to a length of over 6 feet (1.8 m) and sported a large fang extending beyond the snout. Was this fish a voracious predator like the extinct cat it is named after? The large tooth was probably used more for fighting with other male salmon than for feeding and fossils reveal that it was the species’ only tooth. Like some whales and fishes, it fed quite placidly by straining plankton from the water.


The most recent salmonid fossils, those from the later Pliocene through the Pleistocene (2.5 million to 10,000 years ago), emphasize the effects of the dramatic climate changes that occurred during the ice ages and interglacial periods. We know from fossils of the Lake Chapala basin that in the peak glacial episodes when the climate was much cooler, trout in the rainbow lineage existed as far south as southwestern Mexico. This pattern of “recent” southern expansion is also observed in other parts of the world in extant species, notably the masu salmon of Taiwan, the North African brown trout, and the taimen of the Yangtze River basin of central China. The present distribution of Apache and Gila trout, along with that of the Mexican golden trout, also suggests that historically the lower Colorado River basin and northern Mexico were once accessible to cold-water fishes.


There are numerous, interconnected mechanisms and events for this pattern of distribution. Both physical and evolutionary factors have worked together over long periods of time. The physical elements that have contributed to the broad biogeographic patterns include plate tectonics, volcanism and earthquakes, floods, and, of particular importance in the case of salmonids, the effects of climate change. These include gradual but dramatic temperature shifts


such as those that have occurred over the last 100 million years—especially the glacial ages of the Pleistocene epoch.


The evolutionary story of trout, salmon, and char is a long volume with many missing chapters. We know that salmonids are among the oldest families of fishes and have graced the waters of the Earth for many millions of years. The ancestral line of ray-finned fishes evolved in very ancient times, giving rise to a fish in the Northern Hemisphere with many unique features. By 100 million years ago or more, this fish was recognizable as a member of the family Salmonidae. By 50 million years ago, the major branching leading to the white-fishes and graylings had probably occurred, thus leading to modern lines of trout, salmon, and char of the subfamily Salmoninae. These lines separated into their present species somewhere between 2 and 5 million years ago. Much of the present diversity, particularly at the subspecies level, is the result of events that occurred in the last one million years and up to about 12,000 years ago, when ice sheets of the last glacial age subsided.


CLASSIFICATION AND TAXONOMY  Classification and nomenclature are an attempt to describe and organize organic diversity and the variability found within similar groups of organisms. The system of classification in use today has its origins in the 1735 first edition of Systema naturae by the Swedish botanist, Carolus Linnaeus. Linnaeus’s system followed the ancient Greek model of logical division, and in the tenth edition of Systema naturae (1758) Linnaeus proposed the now-familiar categories of Regnum (kingdom), Classis (class), Ordo (order), genus, and species. The last two categories are the familiar binomial nomenclature used to formally name a species, such as Salvelinus fontinalis. Since Linnaeus, taxonomists have added the categories phylum and family, along with numerous subdivisions such as subclass, superorder, subfamily, subspecies, and others.


Genetics


The current understanding of the “big picture” of salmonid relationships is based primarily on bones. Some authors have incorporated behavioral characteristics such as spawning, anadromy, nest guarding, and territoriality. More recently, genetic methods have been applied to phylogenetic studies. There are a number of ways to make genetic comparisons, such as looking at the number and configurations of chromosomes, evaluating subtle differences in enzymes and directly or indirectly evaluating DNA.


Common ancestry is a critical component in creating an evolutionary picture of trout and salmon. All trout, salmon, and char of the world today can be traced to a time when they shared a common gene pool with whitefishes and graylings—a salmonid progenitor. There are remarkable similarities in the genetic code of modern salmonids—a common genealogy—as well as interesting differences.


However, trout and salmon, like many animals, have about 3 billion nucleotides in their DNA genome and typically only 500 to 2,000 nucleotides are analyzed at one time. Thus DNA analysis relies on making inferences from a small amount of the genome. There is no question, however, that molecular studies in general have contributed much to our understanding of salmonid fishes and will become increasingly powerful in the future. These studies become even more powerful when a holistic approach is applied, one that includes all evidence, including biogeographical information and analysis of morphological attributes.


LIFE HISTORY AND BIOLOGY  Life history is everything a fish does from birth until death. It includes how they grow, mature, reproduce, what they consume, and their patterns of movement and migration. Life histories are determined in part by heredity and in part by the environment— what is commonly called “nature versus nurture.” It is impossible to completely separate the genetic components, what salmonids are “born to do,” from the environmental factors that affect their lives.


As is emphasized throughout this book, many of the important variations in life histories are found below the lowest levels of taxonomic classification (below the subspecies level), in groupings known as populations, races, and stocks. The subtle adaptations of individual populations are tailored to environmental differences in their native range.


Reproduction


All members of the family Salmonidae share some general characteristics and broad patterns in their reproductive behavior. For example, all begin and end their lives in freshwater habitats. Most reproduce in cold, flowing water by creating excavations in the gravel called redds.


For the majority of salmonids, the female initiates spawning. She prepares a redd by turning sideways near the bottom of the river or stream. She touches her caudal fin to the substrate and rapidly fans gravel with her tail, as if forcefully swimming in place sideways. This movement dislodges gravel and removes fine sedment. The redd is proportional to the size of the fish—the nest of a large Chinook salmon will be many times larger than that of a small brook trout.


Lake trout, grayling, and whitefish do not construct redds. Instead, females scatter eggs during spawning above rocky areas of the substrate, where eggs fall into the spaces between the rocks to develop.


Habitat requirements for successful reproduction are somewhat constant for most trout, salmon, and char. The primary component of a successful redd is the substrate. Suitable gravel is essential to permit the flow of water around the incubating eggs.


Stream- and river-spawning salmonids will often seek riffle areas, or shelves at the head of a pool where the water is accelerating and the gravel is loosely packed. These areas allow ease of redd construction, as well as upwelling through the gravel to maintain adequate oxygen levels. Females will also focus on areas in the river where groundwater is coming in from below. Groundwater is important, especially in more northern regions, as it will prevent freezing during winter. A constant supply of oxygen is critical for egg survival during incubation.


In large natural populations, many male fish will congregate and begin to maneuver for the oppurtunity to spawn long before females appear at the spawning sites. Dominant males will assume aggressive postures, use intricate body language, and will often bite the tail of other males. This sparring can proceed for up to several days, or sometimes weeks. When females arrive, there are intensified aggressive interactions between males, interspersed with courtship behaviors to impress the females.


In nest-building salmonids, the start of redd construction invariably attracts males to the area surrounding the female. Then, the female will send cues via subtle postures of her fins and mouth that she is preparing to release her eggs. Her anal fin will probe the prepared site and males will appear for the final chance at mating. Through some mechanism of male supremacy and female decision, one dominant male will move in alongside the female over the redd.


A dramatic dance in unison of sinuous swimming, gaping mouths, and quivering bodies finally culminates in a stream of eggs enveloped in a cloud of milt (sperm). Usually this involves one male with one female, but sometimes a second male will appear and simultaneously release his milt.


Males may spawn with more than one female during the reproductive cycle. Females generally release their eggs in several sessions over the course of a day or two, and will sometimes create an additional redd in close proximity to their initial spawning site.


The female then covers the redd with a layer of gravel until the eggs are completely buried. In most cases, the female will guard the redd for some time to prevent other fish from disturbing it and consuming the eggs. Pacific salmon females guard the redd until their death, which occurs within one to two weeks of spawning. During their last few days of life, Pacific salmon females and males are weak and listlessly drift downstream.


Compared to many fishes, salmonids have rather large eggs with more yolk material. As a general rule, trout and salmon will lay about 1,000 eggs per 2 ⅕ pounds (1 kg) of body weight. This is not a great number for fishes in general, which can have many hundreds of thousands or even millions of eggs in some of yolk is a salmonids insurance policy for survival. When a trout or salmon hatches from the egg (called the alevin stage), it retains a significant portion of the yolk attached to the throat region. This yolk-sac allows the alevin to attain a relatively large size in the first month or so of its life and eliminates the total dependence on feeding. By the time the yolk is fully absorbed (about 40 days after hatching, depending upon water temperature), the fish, now called a fry, is about 1 inch (2.5 cm) in length, which is much larger than most fish species at the same age.


Most trout, salmon, and char spawn in response to changes in water temperature and length of daylight hours that correlate to seasonal changes on an annual cycle. Rainbow and cutthroat trout, in general, initiate spawning when the days start getting longer and the daily maximum water temperature becomes warmer. Brook and brown trout initiate spawning when the days get shorter and the maximum daily water temperature begins to fall.


There are many variations on this general theme. For example, mountain streams warm in early spring before snowmelt and can trigger spawning in April. As the weather warms, the snowpack melts, causing high flows and a drop in water temperature that brings spawning to a halt. After peak runoff, a second group of spawning fish will respond to warmer water temperatures and spawn in June or July. This results in two age and size groups of fish born in the same year.


Climatic differences from south to north are an obvious factor in water temperature. Therefore, rainbow and cutthroat trout generally spawn earlier in the milder climates of more southerly or coastal areas and later in more northerly streams and rivers and at higher elevations.


Generally, Pacific trout (rainbow and cutthroat trout) spawn from late winter to early summer, and brook trout, Atlantic salmon, and brown trout spawn from late summer to early winter. There is a tremendous amount of variation in time of spawning in all species of trout, salmon, and char based on local environmental conditions.


Timing of spawning for Pacific salmon is an extremely complicated process and varies widely in different areas or even within the same river basin. For example, Chinook salmon native to the Sacramento River basin are divided into four major runs in each of the seasons of the year. Some spawning of these races occurs in every month.


Age and Growth


Like all aspects of life history, age and growth are determined by interactions of heredity and physical constraints of the environment. Unlike terrestrial vertebrates and other creatures that reach a maximum size at adulthood, salmonids are able to continue to grow throughout their lifetime. Since salmonids are cold-water animals, their body temperature is that of the water that surrounds them. Therefore, rate of growth and longevity are greatly influenced by water temperature. Other environmental factors have an impact on growth, including oxygen level of the water, salinity, competition, and the availability of food.


In most environments, the average life span of a trout is six to seven years, but this can be extended up to 25 years or more in some cold, high-elevation mountain lakes. Some populations of Arctic char can live more than 30 years, and lake trout often live 60 years or longer. The life span of species of salmon rarely exceeds five or six years. While Atlantic salmon are able to spawn more than once, all Pacific salmon native to North America die soon after spawning.


Maximum size is under a strong genetic control, but it is also subject to environmental factors and variation in distinct populations of fish. Many populations reaching a large maximum size—Bear Lake cutthroat trout, Pyramid Lake Lahontan cutthroat trout, and rainbow trout of Kootenay, Eagle, and Crescent Lakes—evolved in large lakes and adapted to eat fish. Over time, nature and nurture have combined to produce these populations of very large fish.


Food and Feeding


When it comes to food, trout and salmon are typically generalists and opportunists— they will feed upon a variety of prey items depending upon what is available at any given time. Most salmonids in fresh water rely heavily on aquatic invertebrates, primarily larvae of aquatic insects. There are several major groups of aquatic insects, and salmonids tend to focus on stoneflies, mayflies, caddis flies, true flies, and at times damselflies and dragonflies. These groups contain vast numbers of species that are specialized to different microhabitats of the stream and are present in varying numbers at different times throughout the year. Terrestrial invertebrates such as grasshoppers, beetles, and ants are also prey items when available. It is very typical for one or two sources of food to dominate the diet at specific times on an annual cycle. Although salmonids are generalists and opportunistic, they often feed in a very selective manner at any one given time. Any serious angler will attest to this!


Trout and small salmon feed on these aquatic insects by taking them from the water column as they drift by, plucking them from the river bottom, or striking adult flying insects on or directly above the water surface.


In some habitats, in addition to the aquatic insect larvae, crustaceans such as freshwater shrimp, crayfishes, and tiny free-swimming “water fleas” are important food items. In lakes, some salmonids, like kokanee salmon and Arctic char, have adapted to the large quantity of the small crustaceans and other zooplankton that bloom in massive numbers at certain times of the year.


As some trout become larger, they prey on smaller forage fishes. These piscivorous (fish-eating) trout are usually able to attain much larger sizes. Since the size of the prey is dictated by the gape of the open mouth, growing past a certain size will open the door to larger prey items and consequently to further growth: The bigger the predator s mouth, the bigger the prey. Salmonids that migrate to the open ocean (salmon, steel-head, and to a lesser degree coastal cutthroat and some char) prey mainly on other fishes, crustaceans (shrimp), and squid.


Feeding times will often follow a pattern of availability of food. In streams where invertebrate drift is greatest just after sunset and just before sunrise, trout feed more actively. Temperature is also known to have a significant effect on feeding behavior. Optimal feeding temperature is generally between 55 and 60 °F (13-16 °c).


The amount of food a fish must consume to maintain its body size is dependent upon the temperature of the water it inhabits. The metabolic rate increases with higher water temperature, and therefore more food must be consumed. Under normal circumstances, a trout or salmon must consume about one percent of its body weight, per day, to maintain its weight; surplus amounts are directed toward growth. This amount is greatly reduced during colder months and the trout and salmon are able to subsist on very little, due to the slowing of metabolic functions associated with a decrease in water temperature.


Movement and Migration


Salmonids are an amazing study in movement and migration. Their ability to move and migrate through complex river systems and open ocean is perhaps their primary evolutionary advantage and the reason they have been able to persist for many millions of years through dramatic changes in climate and geography.


Movements of salmonids include small-scale phenomena such as moving from a prime foraging point behind a rock in a river to open current to snatch a drifting caddis fly larvae, or changing position at the bottom of a lake to the region just below the surface in response to a rush of damselfly larvae beginning to emerge. A trout or salmon will move under a sheltered bank to avoid a foraging bear (or an optimistic angler).


Salmonids are also among the all-time marathon migrators. Migration in salmonids occurs in a regular pattern between two or more distant places, such as from a lake to a river or from a river to the ocean. It involves large numbers or all of a population with a purposeful action influenced by heredity and instinct, such as feeding or spawning, and it is almost always cyclical in nature.


There are major distinctions between trout and salmon that are stream-resident (permanently stream-dwelling), fluvial (making regular migrations within a river system), adfluvial (making regular migrations between a river and a lake), lacustrine (lake-dwelling), and anadromous (migrating from fresh water to the ocean, living a portion of life at sea and returning to fresh water to spawn). Specific examples of each of these various migratory behaviors are described in individual accounts of this book.


A young resident trout, during the first year of life, will often move from an area of high population density to one of low density to avoid competition from older, larger trout and to establish its own territory for feeding. When resident fish reach maturity they are often sedentary, confining movements to short feeding excursions and relocation during spawning season. While this is typical behavior with larger, more dominant fish, recent studies have shown that there is probably more movement in resident trout than previously believed, and better habitats will likely attract more fish for immigration. In rivers where salmon runs occur on a regular basis from early spring to late fall, some resident rainbow trout and Dolly Varden will often move up and down the river and locate in the vicinity of spawning salmon to take advantage of the abundance of salmon eggs as a food source.


At first glance it would seem that migration for a small salmon in fresh water would not be a formula for long-term sustainability. In some cases, such as Chinook salmon and chum salmon of the Yukon River basin, these fish journey more than 1,000 miles (1,600 km) downstream from their spawning sites and face sharks, seals, killer whales, and other predators in the ocean for several years. They then return from the ocean, passing a gauntlet of predators congregated at a river mouth, swim upstream, navigating cascades and small waterfalls, avoiding bears, eagles, and otters, all the while without feeding.


The explanation from an evolutionary standpoint is that the benefits from this migratory strategy must outweigh the costs. Anadromous salmon, trout, and char migrate to the ocean to take advantage of the abundant food in the ocean. The small stream or river where these fish are born does not have the ecological resources to sustain them in great numbers, nor the quantity of prey to allow the kind of growth available in the ocean.


Salmon and anadromous trout and char return to the spawning sites much larger than resident fish from the same stream. The larger size gives them two very significant advantages: They are able to dominate the best spawning locations and they also lay many more eggs than the smaller resident fish.


MORPHOLOGY AND ANATOMY  Salmonid fishes have long been admired for their elegant form and the grace with which they are able to swim through the water and leap over waterfalls. All salmonids share the same basic elongated, streamlined shape. Their power is supplied from compact, highly organized muscles that extend the entire length of the body.


The illustration on this page shows the basic design of a salmonid. There are three major median fins (single fins located along the midline of the body in a vertical plane): the caudal, anal, and dorsal fin. These provide thrust through the water. Stabilization is provided by two sets of paired fins—the pelvic and the pectoral—much like the wings of an aircraft.


The dorsal fin of a salmonid is in the middle of the back. A small, fleshy fin called an adipose fin is found directly behind the dorsal fin in salmonids. The caudal fin can be deeply “forked” as in the lake trout or “square” as in the brook trout. The depth of the indentation in the caudal fin varies somewhat among species.


All salmonids have soft fin rays, except for the adipose fin, which has no rays at all. Each fin ray connects to a free-floating bone that is imbedded in muscles and allows precise control of both the shape and movement of the fins. Salmonids all have a small appendage called the axillary process located at the origin of the pelvic fins on the body.


Salmonid scales are thin and translucent and are categorized as “cycloid,” forming concentric rings that may be useful in determination of age, similar to rings of a tree. An experienced scientist can also detect life history characteristics of individual fish, such as number of years in the ocean, spawning times, and other information from subtle markings and spacing features of the rings.
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The Skeletal System


The skeletal system of trout and salmon consists of the skull, backbone, a set of bones called the appendicular skeleton, and the ribs and intermuscular bones. The salmonid skull is a complex assemblage of about 50 major bones and many additional smaller ones, including ossified cartilage (cartilage-bones), small bones originating in the skin (dermal-bones), and teeth. Bones of the skull are used in taxonomy, and one of the most important is the basibranchial plate. This is a thin, bony plate in the throat behind the tongue that in some species of fish has tiny teeth. These basibranchial teeth are present in species such as cutthroat trout and char, but absent in other salmonid species, including all Pacific salmon.
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Toward the back of the skull are a series of internal bones that support the gills. These consist of many small bones connected by cartilage, allowing for flexibility of movement as water passes through the gills. The gill filaments are attached to bones called the gill arches. The gill filaments are covered by a thin membrane where oxygen is absorbed and carbon dioxide passes back into the water. The gill arches have bony projections called gill rakers, which strain food and particles from the water. Differences in number and morphology of the gill rakers are also often used for taxonomic evaluations and can give clues as to the type of feeding strategies used by the fish. Generally fish that feed by straining plankton from the water will have a higher number of gill rakers, and those that prey more on larger insects and other fish will show a trend toward reduction of gill raker development. For example, kokanee salmon typically have a total of 35 to 40 gill rakers reflecting their specialized diet of zooplankton. Most trout, such as rainbow, cutthroat, and brook trout, that are generalist in their feeding habits have a total of 15 to 20 short, stout, more widely spaced gill rakers.


Functional Morphology


Many features of the functional morphological systems (internal organs, sensory, circulatory, and nervous systems) of trout and salmon are similar to those of most vertebrates. Of course, there are major anatomical differences that are the result of evolutionary adaptation to optimize life in water as opposed to life on land. The greater density of water as compared to air affects movement and the transmission of sound and light. Chemicals, such as oxygen, are influenced by the density of water. The air that humans breathe at sea level has about 200,000 parts per million of oxygen, compared to water at the same elevation, which has at most only 12 parts per million. Sound travels five times faster in water, but light travels more slowly.


Trout and salmon have a heart, kidney, liver, and spleen; a stomach and short, simple intestine; a small urinary bladder; and testes or ovaries. They also have gills—numerous, complex filaments that extend toward the back of the fish on the gill arches. Gill filaments are finely partitioned and filled with blood vessels to handle the relatively low amount of oxygen in water as compared to air. The circulatory/respiratory system functions primarily to pass oxygen in the blood to all parts of the body, and return the deoxygenated blood to the gills where they receive a new complement of oxygen. The heart of a trout, salmon, or char is a simple in-line pump, located directly below the gills in the throat region of the fish.


An organ unique to fishes is the air bladder. The air bladder is a membranous sac that extends the entire length of the body cavity. Filled with gas, it provides buoyancy and stability in the water column.


Food enters the mouth and is swallowed whole. In fish that eat primarily plankton, like whitefishes and kokanee salmon, small food particles are essentially strained from the water by the gill rakers and then funneled into the esophagus and stomach.


Salmonids also have numerous finger-like projections on the intestine just behind the stomach. These sacs, called pyloric caeca, increase the surface area for better absorption and secrete enzymes that assist in digestion. The number of pyloric caeca can be consistently different between some species of trout and salmon and is commonly used as a taxonomic characteristic.
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Trout and salmon are equipped with a sophisticated group of sensory organs that enable them to navigate their aquatic world. The sense of smell is important in many aspects of the fish’s life, including feeding, orientation, homing, migration, and probably reproduction. Located between the tip of the snout and the eye on each side of the head are two small openings called the nares (analogous to nostrils). These permit water to pass over the nasal sacs that contain sophisticated chemoreceptor cells. Fish do not “breathe” through their nares; there is no connection to the throat.


Two of the most important aspects of the daily existence of trout and salmon are locating and consuming food. While visual cues are the most important for feeding, the olfactory organs also can play a crucial role in the process. Research has shown that some kinds of chemical compounds elicit a greater response than others. Amino acids and similar compounds appear to play a major role in feeding. (These compounds are actually used in many baits sold to anglers to attract feeding fish.) Pheromones, or special compounds released for the purpose of sending chemical messages, have been found to elicit a wide variety of behaviors, such as schooling or crowding, spawning, predator avoidance, and other social behaviors.


The sense of smell is known to be one of the principle mechanisms that enable homing salmon to accurately locate their natal stream. Pre-smolting salmon are able to imprint the exact chemical fingerprint of the stream in which they were born, and smolting juveniles will in turn record the chemical signature of each tributary as it proceeds to the estuaries and open ocean. When the returning adult encounters a fork in the river, it is able to recall and recognize the smell of the correct tributary, and eventually make its way back to the precise location where it emerged. In the ocean, magnetic orientation is believed to play a major role in movements and migrations. The presence of magnetite crystals in the nares is thought to contribute to the ability of salmon and steelhead to navigate the vast open sea.


Hearing occurs in the inner ear of salmonids. Due to the nature of the movement of sound in water (about five times faster and farther than in air) fishes have no need for an external ear and lack the middle ear found in many terrestrial vertebrates. Because the density of water is similar to the body density of salmonids, sound passes easily to the inner ear.


Equilibrium and balance in the aquatic world of trout and salmon are aided by the complex inner ear. Inside are tiny bones called otoliths. Otoliths grow continuously throughout the life of the fish and are used by scientists to give accurate estimates of age and other information about individual fish.


Most fish have sense receptors called the lateral line system. This complex sensory mechanism detects movement, slight pressure changes, and chemicals in the surrounding water. Fish are able to detect movement—and even sounds around them—by the water they displace, without the use of their eyes and ears. In trout and salmon, the receptor areas of the lateral line extend along the middle of both sides of the body and are well-developed on the head.


The eye of a salmonid is similar in structure and function to most other vertebrates, except it is enhanced to detect motion and to focus in water. Salmonids can see in cloudy or turbid water that is sometimes nearly opaque. Trout and salmon have very accurate vision over a rather wide range and even possess the ability to focus on objects that are very close, while clearly seeing distant objects at the same time.


Trout and salmon see colors. The cones located in the retina are sensitive to wavelengths associated with ultraviolet, blue, green, and red light. Their perception is greatest toward the blue end of the spectrum.


The location of the eye on the side of the head gives salmonids a great range of vision. In the horizontal field, trout are able to see objects directly in front of them with both eyes (binocular vision), as well as anything on either side (monocular vision). Only objects directly behind the fish are out of the field of view. Anything that is observed above the water surface, such as a flying insect or predatory bird, is subject to the bending of light waves in water, causing everything but those objects directly overhead to appear slightly closer than their actual location and distorted from their true position. Salmonids have obviously evolved a means of compensating for this phenomenon—they are very adept at leaping out of the water to catch flying insects and at spotting potential predators.


Fish respond to various kinds of environmental stimuli through sensory organs, process the information in the brain, and relay signals or responses to the muscles and glands. The endocrine system includes several glands that secrete hormones into the bloodstream—chemical signals that stimulate a myriad of physiological activities and responses. The endocrine and nervous systems are highly integrated and act in unison to control all basic and complex functions of the fish.


The endocrine system controls metabolism and plays a major role in maturation of sex cells and a wide array of reproductive behaviors. Included in this system are several major glands, the pituitary, thyroid, adrenals, and gonads, along with many smaller glands and less-organized groups of specialized cells.


Salmonids have a central nervous system that includes the brain and spinal cord, and a peripheral nervous system that branches to the organs, muscles, and glands. The salmonid brain has no cerebrum or neocortex, which are responsible for higher thought. Although the brain is comparatively simple, it is capable of very sophisticated tasks and complex behaviors. Salmonids are certainly capable of learning. They are able to “remember” where they spawned. The selectivity of feeding on a specific prey denotes that at least some temporary learning is occurring and predator avoidance in some situations appears to be learned rather than an instinctual response. In catch-and-release fisheries, trout become more difficult to catch after each time they are landed. Trout “learn” from being caught.


This brief introduction gives only an overview of the complex evolution, classification, behavior, and morphology of trout, salmon, and char. It is meant to serve as a basic primer for the main portion of this book, where many of these subjects arise and are often covered in greater detail.


Trout and salmon, indeed, all living things, are richly complex with many functions, systems, and behaviors that are yet to be fully understood. In particular, the phylogeny and various races and subspecies of our native salmonids can be devilishly difficult to understand for experienced scientists, let alone interested non-professionals. Albert Einstein wrote that, “The most incomprehensible fact about Nature is that it is comprehensible.” A hopeful comment for anyone interested in learning about the natural world, including the beautiful and intriguing trout and salmon of North America. [image: image]




A NOTE ABOUT THIS BOOK


The main portion of this book consists of 38 individual accounts covering a species, subspecies, or geographical group. These accounts are divided into four sections: Genus Oncorhynchus (Pacific salmon and trout), Genus Salmo (Atlantic salmon and brown trout), Genus Salvelinus (char), and Other Salmonids (grayling and whitefish).


The text for each account is divided into the following sections: description, biology, distribution, evolution and classification, and conservation.


A life history box is included for each featured fish as well as an illustration pointing out important features. The life history box includes common name, scientific name, other common names, habitat, length and weight, life span, and diet.


Length of the fish is from the tip of the snout to the end of the tail fin and indicates a range for the average size at maturity of the particular form. The given weight is also a range of average size. Maximum lengths and weights as well as angler records are included for some accounts. Diet includes primary sources of food but is by no means comprehensive.


A range map is included in each account and typically shows native historic (late-eighteenth century) distribution. Caption text indicates the particular aspect of each map. Creating completely accurate range maps for trout and salmon is not possible for a variety of reasons, especially due to the extensive stocking of nonnative fishes across North America. Every attempt has been made to reflect the native boundaries of the fishes covered in this book.








Genus Oncorhynchus
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This somewhat fanciful illustration (left) shows a “map” of all the North American Pacific salmon and trout of the genus Oncorhynchus. These species and subspecies are part of the large Salmonidae family of fishes and are further divided into the subfamily Salmoninae.


The map is divided into three regions, Pacific salmon, cutthroat trout, and the rainbow trout, including the Gila, Apache, and Mexican golden trout. The rivers and streams show the many branches that have led to the present diversity of the genus. Some waters do not directly connect to the “main river” of the genus Oncorhynchus, and this indicates that a direct line of ancestry is not yet understood.


The length of the rivers and streams in this illustration are not to be taken literally. No precise key exists to measure in years how long it has taken for one trout or salmon to branch off from another into a distinct form.







The genus Oncorhynchus is recognized today to include ten species and some 28 subspecies worldwide. This book covers the nine North American Oncorhynchus species, plus some 25 subspecies.


All are native to North American waters. Included are the species of Pacific salmon, the rainbow and redband trout, the golden trout, the cutthroat trout, the Gila and Apache trout, the Mexican golden trout, and a group of rainbow-like trout from the Sierra Madre Occidental in Mexico. Also included are the extinct yellowfin cutthroat trout and the Alvord cutthroat trout.


The terms “salmon” and “trout” as used in this book may be confusing. These are terms that enjoy wide use in traditional or popular language. In this context, “salmon” refers to a usually large-bodied fish that lives the bulk of its life in the sea but returns to fresh water to spawn. Five North American species in the genus Oncorhynchus have traditionally been called salmon: the Chinook, coho, pink, chum, and sockeye salmon.


“Trout” has traditionally meant a usually smaller-bodied fish that typically resides its whole life in a freshwater stream or lake, and that can spawn more than once. The rainbow trout, the cutthroat trout, and all other members of the genus Oncorhynchus discussed in this book’s species accounts are named trout in this context, even though two subspecies of rainbow trout and one subspecies of cutthroat trout have forms with a sea-going life history. The sea-run rainbow trout—called steelhead—may, like the five salmon, live most of its life in the sea and can become quite large.
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The three species pictured above (top to bottom: pink salmon, sockeye salmon, and redband steelhead) are all male fish showing the elongated upper and lower jaws, called kype. Most mature male trout and salmon develop kype when spawning. It can be particularly pronounced in male salmon, especially the sockeye. Male trout and salmon compete aggressively with one another during spawning, and kype are used almost like a weapon.





Because of the popular usage of the terms salmon and trout, this book uses salmon, or Pacific salmon, to mean the five Oncorhynchus species that always die after returning from the sea to spawn, and trout, or Pacific trout, to mean the other members of the genus, whether they migrate to sea or not.


The name Oncorhynchus derives from two latinized Greek words meaning “hooked snout.” It was proposed in 1861 as a subgenus name by George Suckley, a naturalist-surgeon with the Pacific Railroad Surveys. Suckley did not realize that male and female salmon are sexually dimorphic. This means that at various stages of life they exhibit different physical characteristsics; for example, the hooked jaws that Suckley observed, known as kype, occur only in spawning male salmon. Thus in Suckley’s classification, Oncorhynchus included only spawning males; females and juveniles were considered to be different species of Salmo. Despite this error, Oncorhynchus is the first name to be proposed as a genus or subgenus for any Pacific salmon or Pacific trout and is therefore the valid name of the genus.


The hooked jaws of male Pacific salmon result from an unusual form of bone growth when sexual maturity is attained. The premaxillary bone of the upper jaw greatly enlarges and extends downward, while the tip (or apex) of the dentary bone of the lower jaw enlarges and projects upward. This sexually dimorphic trait is found in its most extreme form in male Pacific salmon, but older male Atlantic salmon and brown trout can develop large kype, almost comparable to those of Pacific salmon. And in the genus Salvelinus, older males of brook trout and Dolly Varden often develop kype as well.


DESCRIPTION  At the purely scientific level, trout and salmon of the genera Oncorhynchus, Salmo, and Salvelinus are distinguished from one another by differences in dentition and the structure of the bones in the head. For example, vomerine teeth— that is, those on the vomer bone in the center of the roof of the mouth—occur in two well-developed rows along the length of the vomer in Oncorhynchus and Salmo, but only in a small patch at the front of the vomer in Salvelinus. Also, the vomer itself tends to be boat-shaped in Salvelinus., but not in Oncorhynchus or Salmo. According to G.R. Smith of the University of Michigan at Ann Arbor, there are six distinct differences in the structure of the head bones that separate Oncorhynchus from Salmo. However, these differences require close examination in a laboratory to discern and the process is used solely by scientists.


At a practical level, species in the genus Oncorhynchus are characterized by having only black spots on the body. Species in the genus Salmo have spots that are either black or red-orange, and most Salvelinus species have white or pale yellow spots interspersed with red and orange spots set against a darker background.


BIOLOGY  The five species of North American Pacific salmon are all anadromous, which means that they spend a portion of their lives in salt water, returning to fresh water to spawn. In fact, of all salmonid fishes, the five North American Pacific salmon species exhibit the greatest degree of anadromy.


However, Chinook, coho, and pink salmon have also been introduced in the Great Lakes, where they spend their entire lives in fresh water. The kokanee, the freshwater form of sockeye salmon, lives in lakes; some populations spawn in lakes and others run up tributaries to spawn. The life cycle of these fishes does not depend on a period of contact with salt water.


Because salmon occasionally stray from river to river, a degree of continuity, or connectedness, occurs among populations throughout the range of a species. That is, throughout the range of all North American Pacific salmon, no geographic isolation has occurred among populations since the end of the last glaciation, about 10,000 years ago. Since then, all species of North American Pacific salmon have been in continuous contact, unlike the various subspecies of rainbow and cutthroat trout. Many subspecies of rainbow and cutthroat trout evolved in geographically isolated areas where they did not encounter other trout.


The major trend in the evolution of North American Pacific salmon species is a reduction in the freshwater portion of their life history and an increase in their time spent in the ocean. The extreme form of this anadromous life history is found in chum salmon and pink salmon—fry are ready to migrate to the ocean soon after emergence. In these two species, the young smolt when they are barely 1 inch (25 mm) long, allowing great numbers of juvenile salmon to migrate to the ocean from even small areas of freshwater spawning habitat. Other anadromous salmonid fishes, such as Atlantic salmon, brown trout (sea trout), and rainbow trout (steelhead), spend two or three years in fresh water before smolting at sizes considerably larger than any species of Pacific salmon. (Five to eight steelhead smolts weigh 1 pound, or 0.5 kg, while a pound of pink or chum salmon smolts would consist of several thousand fish.)
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Chinook Salmon


Oncorhynchns tshawytscha


Chinook salmon once traveled as far as 1,000 miles (1,600 km) up the Columbia River to spawn in their natal waters. Completed in 1941, the Grand Coulee Dam blocked the marathon spawning run of these Chinook and today their numbers in the Columbia River basin are a tiny fraction of their former abundance.





This evolutionary trend in species of Pacific salmon for increasing the proportion of their life spent in the ocean means that virtually all feeding and growth occur in the vast expanse of the North Pacific Ocean. Because they are less dependent on fresh water and thus not constrained by its limited habitat volume, Pacific salmon, especially pink and chum salmon, attain by far the greatest natural abundance compared with all other salmonid fishes.


The tracking of marked fish has shown that Pacific salmon (and steelhead) roam great distances, often many thousands of miles, in the Pacific Ocean before returning to their natal (“home”) river to spawn. The mechanisms of this homing instinct were long a mystery, but it is now believed that, like migrating birds, these fish use celestial navigation and the detection of Earth’s magnetic fields to find their home river. We now know some of the mechanisms involved—for example, magnitite in the nasal sacs of trout and salmon evidently functions as a built-in geographical information system—but how sensory inputs are integrated to produce a precise navigational system remains unknown. Once in the home river, salmon use their acute sense of smell to find the specific tributary stream in which they were born, and where they will spawn and die.


Homing to the site of their birth allows salmon or trout populations that are associated with different rivers or specific tributary streams to avoid mixing and hybridizing during spawning. This allows for different life histories adapted for specific environments to exist within a species— a phenomenon called adaptive intraspecific diversity. For example, a Chinook salmon population in which young migrate 1,000 miles (1,600 km) to the ocean and breeding individuals return the same distance to the spawning grounds, as once occurred in the Columbia River before Grand Coulee Dam blocked the spawning run, must have a very different life history than a Chinook salmon population that spawns within 50 miles (80 km) of the ocean.


All individuals of all five species of North American Pacific salmon die soon after spawning. Their carcasses, besides providing food for birds and mammals, fertilize the water and riparian vegetation and nurture the next generation of salmon.


Steelhead, on the other hand, are trout, which means—as discussed above—that they can survive the reproduction cycle to spawn again. Survival to second spawning in most steelhead populations is generally less than 10 percent in their native range. However, introduced into the Great Lakes, where there are no large marine predators, up to 70 percent of steelhead survive their first spawning. They may spawn up to six times, as was found in streams on the north shore of Lake Superior, in Ontario. Up to seven spawnings have been reported in steelhead established in the Río Santa Cruz, in Argentina, but this has yet to be verified.


Pacific trout are considered to be spring spawners, although the range of spawning times extends from late December to mid-July, depending on local conditions.
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Lahontan Cutthroat Trout


Oncorhynchus clarki henshawi
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Sheepheaven Creek Redband Trout


Oncorhynchus mykiss subspecies


Trout of the genus Oncorhynchus attain a variety of sizes dictated by habitat, food, and genetics. Trout like the Sheepheaven redband may reach no more than 6 inches (15 cm) and weigh only a few ounces in their native stream. The Lahontan cutthroat once grew to be over 44 inches (1.1 m) long and weighed up to 40 pounds (18 kg).





All trout are opportunistic feeders and will take a great variety of food items, depending on what is available at any given time in local streams and lakes. Aquatic and terrestrial invertebrates comprise the bulk of a trout’s diet in streams. In lakes where they have coexisted with an abundant fish fauna over thousands of years, some trout populations are highly piscivorous (fish eating). Trout in such populations also attain great size compared with their stream-dwelling, invertebrate-eating relatives.


Trout life span may be only three to five years for populations residing in the headwaters of small streams, but about six to seven years is the average maximum age for most environments. The life span may be extended where annual metabolic energy expenditure is low due to cold water, a short growing season, or a sparse food supply. Maximum body sizes vary greatly, depending on local environments. Six to 8 inches (15-20 cm) may be the maximum length in populations residing in small headwater streams, but larger maximum sizes are common among populations dwelling in larger streams and lakes. Notable examples are a 41-pound (18.6-kg) Lahontan cutthroat trout taken from Pyramid Lake, Nevada, which is the hook-and-line record for that species. A massive 52-pound, 8-ounce (24-kg) Gerrard strain Kamloops rainbow trout was recorded from Jewel Lake, British Columbia.


DISTRIBUTION  Worldwide, some species in the genus Oncorhynchus are associated with the North Pacific Ocean and occur in both Asia and North America. The northern-most, westernmost, and easternmost distribution of the genus Oncorhynchus is that of pink salmon and chum salmon. Both species occur in Arctic Ocean drainages from the Lena River of Siberia to the Mackenzie River of Canada. In the western Pacific, the southernmost continuous distribution is that of chum salmon and masu salmon, which occur to southern Japan. The actual southernmost distribution is on Taiwan, where a subspecies of masu salmon still exists in about 5 miles (8 km) of the headwaters of a mountain stream at about 25° N latitude. As with the distribution of Pacific trout that dispersed from the Gulf of California, the masu salmon of Taiwan attests to glacial periods when ocean temperatures were sufficiently cold for salmon and trout to have extended their range southward.


The easternmost North American native distribution of the genus is shared by the greenback cutthroat trout of Colorado and the Rio Grande cutthroat trout of New Mexico.


In the eastern Pacific, rainbow trout in the Río del Presidio drainage of Mexico (tributary to the Gulf of California) at near 24° N latitude constitute the southernmost known natural distribution of the genus and of the family Salmonidae.


EVOLUTION AND CLASSIFICATION  Before the Pacific trout were transferred from Salmo to Oncorhynchus (see the box What’s in a Name?, page 19), the diagnosis of the genus Oncorhynchus—distinguishing the species of North American Pacific salmon from all species of other genera of salmonid fishes—was rather simple and straightforward. When rainbow trout and cutthroat trout were still classified in the genus Salmo, a key to the identification of genera and species in the family Salmonidae would illustrate a characteristic, such as the number of rays in the anal fin, and state “more than 12 anal fin rays (typically 14-18) versus 12 or fewer (typically 9-11)” to distinguish, respectively, Oncorhynchus and Salmo. A more complete differentiation might note that all individuals of Pacific salmon species die after spawning instead of surviving to spawn again, as trout do.


These older classifications placing rainbow trout and cutthroat trout in the genus Salmo were based on a concept known as degree of differentiation, in which species were classified by their physical appearance. In morphological and life history characteristics, the Pacific trout are more similar to brown trout and Atlantic salmon than they are to Pacific salmon. Degree of differentiation, however, is not an accurate indicator of true evolutionary relationships. Diverse lines of genetic evidence demonstrate that Pacific trout are more closely related to Pacific salmon than they are to any species of the genus Salmo, such as Atlantic salmon or brown trout. Thus contemporary classification, emphasizing evolutionary relationships rather than degree of differentiation, groups Pacific trout with Pacific salmon in the genus Oncorhynchus. The present classification is phylogenetically correct (that is, correct in evolutionary terms), but the diagnosis and description of the genus is no longer as simple as it once was.
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The various North American species and subspecies of the genus Oncorhynchus are widely distributed from the Arctic Ocean in the north and southwards on the continent to headwaters in the Sierra Madre Occidental. This map shows the historic range of native populations of Pacific salmon, rainbow trout, cutthroat trout, and other species and subspecies of the genus Oncorhynchus.





Even the older diagnoses of Oncorhynchus would be incorrect if the genus’s sixth species, the Pacific salmon of Asia (the masu salmon) were included. In morphological and life history characteristics, the masu salmon is more similar to the rainbow trout than it is to other species of Pacific salmon. Genetic evidence of evolutionary relationships places the masu salmon about intermediate between the Pacific trout and the Pacific salmon.


Sometime during the Miocene epoch (perhaps about 15 to 20 million or more years ago), a common ancestor of all the species in the genera Oncorhynchus and Salmo divided into two groups. One group became isolated in the North Pacific Ocean to become the genus Oncorhynchus; the other evolved in the North Atlantic Ocean and gave rise to the genus Salmo. Toward the end of the Miocene (about 5 million years ago), species in Oncorhynchus were initiating evolutionary divergence into trout-like species and salmon-like species, leading to the present species of Pacific trout and Pacific salmon.


Then about 2 million years ago, toward the end of the Pliocene epoch, a common trout ancestor separated into two evolutionary lines. One line became the cutthroat trout, the other the rainbow trout and its related species.


The species of the genus Oncorhynchus vary from “good” (or valid) species, so-called because they generate no controversy concerning their classification, to controversial species on which taxonomists continue to disagree about how many species and/or subspecies should be recognized. One way to explain the difference between “good” species and controversial species can be explained by their degree of anadromy—that is, how much of a species’ life is spent in the ocean—which in turn relates to maintaining continuous variation throughout the range of a species.


For example, there are no subspecies among the five species of Pacific salmon because, without a geographical barrier isolating adjacent populations, a fully anadromous species typically does not partition its diversity into discrete units that might be classified as subspecies. On the other hand, except for one subspecies, the cutthroat trout is restricted to fresh water and is broadly distributed in western North America in many river basins from California to Alaska, and inland to east of the Continental Divide. This distribution has long limited or blocked connections among cutthroat trout of different drainage basins. Some subspecies of cutthroat trout have been isolated from other subspecies for perhaps a million years. This type of evolution, through fragmentation and long isolation as a result of geographical boundaries, allows for intraspecific diversity—that is, for a species to be clearly partitioned into subspecies.


(The coexistence of two subspecies of cutthroat trout in Twin Lakes, Colorado, and of the typical largespotted and finespotted cutthroat trout in the upper Snake River drainage of Idaho and Wyoming are exceptions to the rule of the geographical isolation of cutthroat trout subspecies; this is discussed in more detail in individual accounts for these fish.)


Attempts to classify all the divergences associated with the rainbow trout branch of Pacific trout evolution will lack unanimous agreement. Different people with different species concepts and with different views on classification will offer different classifications of species and subspecies. Any classification of rainbow trout and all of the divergent evolutionary lines associated with it will, to a large extent, be arbitrary. This taxonomic quandary exists because several evolutionary lines branched off and became isolated and strongly differentiated from typical rainbow trout. Several of these evolutionary lines are associated with the Gulf of California, including the Gila and Apache trout of New Mexico and Arizona, the Mexican golden trout, and other rainbow-like trout native to river basins of the Sierra Madre Occidental in Mexico. Classification of these highly diverse forms, which perhaps 500,000 or more years ago diverged from the main evolutionary stem leading to rainbow trout, could be arranged as several full species, comparable in status to rainbow trout, depending on one’s philosophy of classification.


In this book, a middle ground is followed. The Gila and Apache trout are considered as two subspecies of the full species Oncorhynchus gilae. The Mexican golden trout is classified as a full species, O. chrysogaster, and populations north and south of its native range are treated as undescribed subspecies of rainbow trout, or O. mykiss. The South Fork Kern and Golden Trout Creek golden trout is also considered a subspecies, O. m. aguabonita.


This classification differs from the 2002 edition of the American Fisheries Society’s Common and Scientific Names of Fishes. The AFS classification recognizes the Gila and Apache trout as two separate species and the South Fork Kern and Golden Trout Creek golden trout as a separate species.


CONSERVATION  In 1991 the American Fisheries Society published a crucial report that focused public attention on issues surrounding diversity. Written by several biologists, the report attempted to define the units of diversity within the five species of Pacific salmon, steelhead, and sea-run coastal cutthroat trout and to determine their risk of extinction. Each species was partitioned into stocks occurring in California, Oregon, Washington, and Idaho. (A “stock” is defined as a population or group of populations of a particular region that share a common life history.) Although the data was incomplete, 106 stocks were classified as extinct, and 214 stocks were considered to have a high (101 stocks), moderate (59), or “special concern” (54) risk of extinction. The blocking of spawning runs by dams was highlighted as the major cause of extinction of stocks.


The Northwest Power Planning Council, charged by Congress to conserve and restore Pacific salmon impacted by the federal hydropower system of the Columbia River basin, estimates that before settlement of the Pacific Coast by European Americans, about 10 to 16 million salmon returned to the Columbia River basin to spawn annually, and that the total annual biomass (total weight) of all salmon ranged from 120 to 160 million pounds. In the 1990s fewer than 2 million salmon and steelhead were returning to the Columbia River, and about 70 percent or more of these were hatchery salmon.




WHAT’S IN A NAME?


The currently recognized species of Pacific salmon and Pacific trout have been given many different species names. As one example, for most of the twentieth century the rainbow trout was known as “Salmo gairdneri” but it is now known as Oncorhynchus mykiss. The transfer in 1989 of rainbow trout, cutthroat trout, and their relatives from the genus Salmo to the genus Oncorhynchus is based on the fact that there is no reasonable doubt that the species of Pacific trout are more closely related to Pacific salmon than they are to the Atlantic salmon and brown trout of the genus Salmo.


The change in the species name of rainbow trout from gairdneri to mykiss was made in accordance with the International Code of Zoological Nomenclature. When a revision of a species combines two or more species names under one name, the oldest name becomes the valid name. “Salmo mykiss” was first used to describe the rainbow trout of the Kamchatka Peninsula in the Russian Far East. The species name mykiss, published in 1792, was the first applied to any rainbow trout. The name “S. gairdneri” dates to 1836 and described the rainbow trout of the Columbia River. (Although gairdneri can no longer be used as a species name for rainbow trout, it can be used as a subspecies name.)


The scientific names of all of the Pacific salmon and rainbow trout are derived in a roundabout way from the common names used for these species by the Koryak ethnic group, the native people of Kamchatka. About 1740, the German naturalist George Wilhelm Steller wrote a manuscript on the natural history of Kamchatka. Included were descriptions of five species of Pacific salmon and rainbow trout. Steller recorded the common names used by native people, in phonetic translations from Koryak into German. Steller died in 1746 before his manuscript was published.


In 1755, a Russian, S.P. Krasheninnikov, translated much of Steller’s manuscript from German into Russian. Krasheninnikov’s work was translated into English in 1764 and into French in 1768. In 1792, Johann Walbaum first published the names of Kamchatkan salmonid fishes, originally recorded by Steller, as scientific names. This rather convoluted history of the names of salmonid fishes—from the Koryak language to German, to Russian, to English and French, and finally as latinized scientific names—has resulted in some unusual scientific names and tongue-twisting pronunciations: tshawytscha (Chinook salmon), gorbuscha (pink salmon), kisutch (coho salmon), keta (chum salmon), nerka (sockeye salmon), and mykiss (rainbow trout).





Salmon spawning in the streams of Puget Sound were even more abundant than Columbia River salmon. In the early 1900s, the commercial catch of salmon in Puget Sound exceeded that of the Columbia River by four to six times in number of fish and two to three times in weight. Salmon species of Puget Sound have also suffered a roughly 90 percent decline during the past century.


Over the past 50 years or so, the total commercial catch of the five species of Pacific salmon by North American and Asian commercial fisheries has ranged from less than 1 billion pounds to more than 2 billion pounds annually. In most years, the catch consists of mainly chum and pink salmon (60-80 percent of the total) and sockeye salmon (10-20 percent). Coho and Chinook salmon combined make up only a small portion (about 10 percent) of the annual commercial catch but are the most important species for sportfishing.


The maintenance of an array of adaptive intraspecific diversities among many populations requires reproductive isolation (see Biology, above). Much of the original adaptive intraspecific diversity of Pacific salmon species was lost when dams blocked access to upstream spawning grounds, but a large amount was also lost or impaired by artificial propagation in fish hatcheries. Until relatively recently, we did not understand how homing maintains differences in adaptive life history and, in turn, the abundance of a species.


In the late 1800s and early 1900s the leading scientific authorities on fishes rejected the idea of homing in anadromous salmon and trout. After all, they reasoned, how could an organism with such a primitive brain possess a precise navigational system? It was well known that salmon species had different times for their spawning runs from the ocean into rivers. Commercial fisheries were geared to times of runs that had regular patterns year after year; for example, Chinook salmon entering the Columbia River showed trimodal peaks in abundance known as spring, summer, and fall runs.


The simplest explanation at the time was that anadromous salmon and trout, after migrating to the ocean, did not roam great distances in the open ocean but rather remained near the influence of their home river; those that came close to the river mouth would enter the river on a spawning run. Such random movements cannot explain the regular annual patterns of movement, but in the late 1800s there was little in the way of research, experimentation, or life history studies that could show a hereditary basis for homing and adaptive life history differences.


If, as early observers believed, salmon did not home to their natal sites and instead genes were mixed randomly, there was no hereditary basis for local adaptations (upon which abundance depends), such as different life histories attuned to local environments. Local adaptations, or intraspecific diversity, allowed races of anadromous fish to take advantage of a diversity of habitats. Some races would make long runs up specific rivers to spawn, while others traveled only a few miles upstream. This variation in life history traits meant that many types of suitable habitats were used to spawn, and abundance of the species as a whole was maintained. Once certain rivers and streams were impacted by human development, that particular race with a particular life history would be lost.


It took many years of marking juveniles, fishes recovered in the open ocean, and returning adults before homing was conclusively demonstrated. Today we recognize that there is a genetic basis for such a regular and predictable pattern of different life histories governing times of entry into fresh water. Unfortunately, the early lack of knowledge determined the direction of salmon management in the late 1800s.


Early observers considered a species, such as Chinook salmon, to be a single homogeneous entity. They did not realize that Chinook, like other fishes, had a homing instinct and segregated at spawning. Thus they were partitioned into innumerable locally adapted populations in which hereditary distinctions were maintained. To these early observers any population of Chinook salmon, from Alaska to California and from the lowermost to the uppermost parts of the Columbia River basin, was the equivalent of any other population. This erroneous and simplistic concept, which saw a species as so many standardized, homogeneous, and interchangeable parts and thus ignored intraspecific diversity, was the basis for artificial propagation programs that mixed and hybridized different salmon populations with different life histories, especially Chinook and coho salmon of the Columbia River basin.


In the 1870s and 1880s, the U.S. Fish Commission recognized that overfishing, dams, and pollution were affecting salmon abundance. Since the Commission was powerless to control these consequences, the solution was artificial propagation. The large-scale stocking of salmon that began in the late nineteenth century is a classic example of the naive belief that science and technology can solve all problems and make nature more efficient in serving human society, a belief that seemed to be confirmed by the fact that only 5 to 10 percent of the fish eggs spawned in nature may survive to become emerging fry, while 95 percent survival can be obtained in hatcheries.


The Central Hatchery, constructed in 1909 on the Columbia River in Oregon, had the capacity to rear 60 million salmon eggs. Most of the production was of Columbia River Chinook salmon, but to maintain capacity, the hatchery also reared other salmon species, such as sockeye salmon from Alaska. Chinook salmon from all parts of the Columbia River basin were spawned, from near the mouth of the Columbia to some of its headwaters in the Salmon River of Idaho, and Chinook salmon eggs from many other rivers outside the Columbia basin were also brought to the hatchery. Hatchery management mixed all together indiscriminately and stocked them, also indiscriminately, into the Columbia and many other rivers. Thus began the forced breakdown of intraspecific adaptations and loss of population diversity on a massive scale, through the artificial propagation programs of state and federal agencies— programs driven by ignorance of the homing instinct. The book Salmon Without Rivers, by Jim Lichatowich (Island Press, 1999), is a fascinating and highly readable historical account of these cumulative problems, which caused declines of Pacific salmon.


During the past 25 years, the reality of adaptive races or distinct populations of a species has become widely accepted. For application of the Endangered Species Act to a species with considerable intraspecific diversity, such as Chinook salmon or steelhead, the species is partitioned into geographical parts called evolutionarily significant units (ESU). These evolutionarily significant units are neither species nor subspecies as a whole, but are single populations or groups of adjoining populations. The National Marine Fisheries Service considers ESU to be segments of the species in which all individuals within the segment share the same evolutionary legacy. The U.S. Fish and Wildlife Service employs the same concept for Pacific trout and for bull trout but uses the term distinct population segment (DPS) instead of ESU.


The goal of the Endangered Species Act is to preserve the significant units of diversity— in other words, to preserve as many parts of the whole species as possible. Thus, although no species of Pacific salmon as a whole is protected under the act (in 1999, about 2 billion pounds of Pacific salmon were harvested in commercial fisheries in the North Pacific Ocean), 26 ESU of Chinook, coho, sockeye, and chum salmon and steelhead are protected under the Endangered Species Act to prevent further loss of adaptive intraspecific diversity. Considerable controversy has been generated by this protection. The Gila trout is the only Oncorhynchus species as a whole that is protected by the Endangered Species Act. (The Gila trout is listed as endangered and the Apache trout as threatened.)


At the subspecies level, three subspecies of cutthroat trout are listed as threatened, including the Lahontan, Paiute, and greenback cutthroat. Several other cutthroat trout subspecies have recently been petitioned for listing. Declines in these fishes have been attributed to habitat loss due to overgrazing in rangeland areas, poor logging practices in forested areas, poor mining practices where mineral extraction has occurred, and water withdrawals for irrigation and water supplies. The introduction of nonnative fishes—such as brook trout, brown trout, and rainbow trout—has resulted in replacement of many native populations and hybridization of others.


The listed ESU and DPS represent a range of life history adaptations that have evolved in specific geographical areas. The total diversity of a species would be significantly diminished if these life history forms were lost. The greater the range of diversity, the greater are the options for a species’ continued existence and evolution into the future as it is exposed to changing environments. [image: image]
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CHINOOK SALMON


SCIENTIFIC NAME


Oncorhynchus tshawytscha


OTHER COMMON NAMES


King salmon, tyee salmon, quinnat salmon


HABITAT


Coastal streams and rivers, intertidal areas, and open ocean; introduced in Great Lakes


LENGTH AND WEIGHT


28-40" (71-102 cm) and 10-25 lb (4.5-11.3 kg); maximum 126 lb (57 kg)


LIFE SPAN


3-6 years; maximum known 8 years


DIET


Aquatic and terrestrial invertebrates and salmon eggs in freshwater; amphipods, insects, and fish larvae in intertidal areas; fishes, large crustaceans, and squids in open ocean. Spawning fish do not feed.





The Chinook salmon, also known as the king salmon, is the least abundant of the five species of North American Pacific salmon, but it attains the largest size by far. A commonly cited maximum size is 126 pounds (57 kg), for a Chinook caught in 1949 by a commercial fisherman near Petersburg, Alaska, and there have been unverified reports of Chinook 60 inches (1.5 m) long and weighing as much as 135 pounds (61 kg). The rod-and-reel angler-caught record is 97 pounds, 4 ounces (44 kg) for a Chinook landed in Alaska’s Kenai River in 1986. However, the average size of most Chinook returning to spawn is much smaller, in the range of 28 to 40 inches (71-102 cm) and 10 to 25 pounds (4.5-11.3 kg).


The other contender for the title of world heavyweight champion of salmonid fishes is the Siberian huchen, also called taimen, for which undocumented weights of more than 200 pounds (91 kg) have been reported. The official rod-and-reel angler-caught record for taimen is 92 pounds, 8 ounces (42 kg). Sportfishing for trophy taimen is a relatively new phenomenon.


Although the Chinook salmon is a minor commercial species within the context of the total catch of all Pacific salmon—it accounts for about 5 percent—it was and is of great importance to Native Americans. The Chinook is named for the Chinook people of the Columbia River, once great traders, who for thousands of years depended on salmon and sea-run trout.


Chinook salmon are the basis for popular sport fisheries in the Pacific Northwest. Farther east, Chinook are a particularly important game fish in the Great Lakes, where their abundance is maintained by large-scale artificial propagation. Under certain conditions, Chinook in the Great Lakes can attain a great size. A Great Lakes record of 47 pounds, 13 ounces (22 kg) was landed in 1991 in the Salmon River, a tributary to Lake Ontario.
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Chinook salmon is a high-quality food fish much prized for its flavorful and attractively colored bright pink to red flesh. Far less abundant than it once was, it is now artificially propagated and raised in pens in marine waters of the Pacific to meet consumer demands. In the southern Pacific, Chile has become a commercial center for the raising of Chinook salmon. Pen-reared Chinook now supply most of the retail and restaurant trade of Chinook salmon (and depress the price paid for wild-caught Chinook).


DESCRIPTION  Characteristic differences in size and in the timing of spawning runs distinguish adults of Pacific salmon species. In addition, the anal fin readily distinguishes all North American species of Pacific salmon from all rainbow and cutthroat trout. The anal fin of Chinook salmon has 14 to 19 fin rays (versus typically 10-12 in rainbow and cutthroat trout), and its base is longer than the longest anal fin ray. The anal fin of trout (and Atlantic salmon) has a relatively shorter base, and the longest fin ray is equal to or longer than the base.


In Chinook salmon, black spots, restricted to above the lateral line and to the dorsal and caudal fins, are highly irregular in size and shape.


As in all Pacific salmon (and anadromous trout) species, Chinook in marine waters are brilliant silver. In fresh water, with the onset of the final stages of sexual maturation, coloration darkens to reddish brown or maroon on the sides of the body, and males develop kype. Transformation in coloration and body shape before spawning is not as pronounced in Chinook salmon as it is in pink, chum, and sockeye salmon.
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