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    When we look at a river, we are often captivated by its beauty and tranquility. The sound of the flowing water and the light sparkling and dancing on the surface delight our senses. This is soul food of the most nourishing kind. The constant, reassuring flow gives us pause for reflection. Rivers have a mystical quality that has held the fascination of mankind from the earliest time. We view rivers with a bit of awestruck wonder as well, for rivers have a formidable quality, with raw power hidden under their beguiling veneer. Nevertheless, we are enamored, sometimes even spellbound, by their enigmatic beauty.

    We are drawn to rivers and streams for many reasons. As anglers, we hope to catch a few fish. For most fly fishermen, the aesthetic aspect is also important: angling allows us to visit some beautiful places, which certainly adds a great deal to the overall experience. Too often, however, we overlook the vast complexity that lies beneath the surface. Fly fishing may be an art, but it is also a science. The more you learn about the scientific aspect of rivers and the details of their inner workings, the more success you will have in the pursuit of angling. And the more you know about rivers, the more you are reminded that you are just a visitor here. Only when you look closer do you realize that you have truly encountered a strange and foreign world.

    A river is an intricate ecosystem with complex layers of life where the current is king. The movement of water is the predominant feature in rivers and streams, and it has modified and shaped the entire structure of this aquatic habitat. When you wade into a river, you brace yourself against the force of the water’s flow, but you probably haven’t thought about how strong of an influence it must exert on the lives of aquatic insects and trout. A current that feels strong to us must seem overpowering to organisms much smaller than we are.

    Think about the last time you were outside in strong, gusty winds. Walking into the teeth of the wind was hard. You had to lean into it just to keep from being pushed over. Imagine for a moment that you lived in a world of constantly blowing winds, with no buildings in which to hide. Where would you seek refuge? How would you adjust? You would tire easily from fighting the strength of the wind, so you would find ways to reduce your exposure. You would change your behavior, find relief behind trees or other windbreaks, crawl on the ground, or sprint from place to place. You might find a depression or a ditch to settle into.

    Imagine that at the same time, you had to snatch your food from the passing wind storm. You would have to sneak glances into the wind and learn to quickly identify the edible from the inedible. It would be like peeking out from behind a tree trying to snag a cheeseburger whisking by in a cloud of litter. You might occasionally snatch an unsuitable item from the passing milieu only to discard it after you had examined it close-up. But you would get better with practice. You would have to succeed, for in this world to fail is to die. All the while, you would have to constantly be looking over your shoulder, always on the alert for other predators roaming around, seeking to make a meal out of you.

    What if a sudden spring storm came and the force of the wind doubled? How would you react? All of your normal established shelters might have been blown away or may no longer be safe because of the storm. You would have to find new safe shelters. They would have to offer ready access to food, because with the high metabolism necessary to survive in this hostile setting, you would need to eat regularly. What if your source of food suddenly changed or disappeared altogether? You would have to locate a new food source and find another place protected from the elements from which to examine the offerings. Such a harsh environment would not tolerate mistakes. Poor decisions would have dire consequences. The penalties would be death by predation or starvation. Would you be able to compete?

    This scenario accurately describes the trout’s world. They have adapted to the harsh demands of their environment. They do not see this situation as strange and unfamiliar; it is all they know. They are survivors and have adjusted to this routine. Even so, many are lost along the way. In fact, most of the trout sac fry that hatch from the fertilized eggs never make it to their first birthday. For this reason, trout that reach reproductive age lay an abundance of eggs. This is nature’s way of offsetting the high attrition. Those that make it to adulthood have been selected for their survival skills. They have learned to compete and succeed in this unforgiving setting. Nature rewards efficiency and success. In light of this, it is no wonder that trout have developed elaborate mechanisms to compensate for the currents and incorporated them into their behavioral, reproductive, and feeding patterns.

    

    LOTIC ECOSYSTEMS

    Ecologists and biologists use the term lotic ecosystem to describe the biological environment created by flowing water such as rivers and streams. Like terrestrial ecosystems, they include all the organisms that inhabit them—vegetation, insect, and animal life—as well as their interrelationships with one another. Understanding the lotic ecosystems and the currents by which they are defined will provide you with insights into how trout relate to their environment, how they react to different situations, and other aspects of the world in which they live. If you want to beat the home team on its own turf, you need to understand the playing field. Anglers seek a quarry that lives in a complicated environment, and the trout are as familiar with their world as we are with our own neighborhoods. The more you know about their flowing-water home, the better you can understand and catch trout.

    Lotic ecosystems can vary tremendously from one water system to another, from a small trickle of water from glacial runoff to a huge river like the Mississippi. Each stream or river is unique and has a completely different organic and inorganic composition than any other. Each is different in scale, flow, and character, but all share one common feature—current—that makes them different from stillwaters such as ponds and lakes, which are called lentic ecosystems. All of the key characteristics of lotic ecosystems are created by the current, either directly or indirectly.

    In these ecosystems, water flows in only one direction. The stream originates at the headwaters and flows to its termination, whether it joins with another waterway or discharges into the ocean. Water may be lost or added along the way, but the direction is always downstream. Marine ecosystems differ in that the direction of water movement in oceans is variable. Water moves back and forth as the tides move in and out and ocean currents shift in response to the prevailing winds.

    The Greek philosopher Heraclitus once said, “No man ever steps into the same river twice, for it’s not the same river and he’s not the same man.” This is an accurate description of a river, and perhaps mankind as well. To put it simply, rivers are in a constant state of change, which includes both large-scale and small-scale changes. I think that Heraclitus said it better, but in the terminology of today’s biologists, lotic ecosystems are spatially and temporally heterogeneous at all scales and levels.

    To biologists, scale is an important consideration. Scale can be as small as a microscopic organism or as large as the planet. To say that rivers are heterogeneous at all scales means that there is no uniformity from the smallest point of reference to the largest.

    Heterogeneous, the opposite of homogeneous, means that there is variation rather than uniformity. Temporally heterogeneous refers to variations that occur in the river from one point in time to another, and spatially heterogeneous refers to variations from one place in the river to another.

    Temporal Variation

    Rivers and streams are dynamic. They change over the course of time, whether that is one second or a millenium. Some of these changes can be fast and sudden, occurring over a short period of time, such as those resulting from heavy water flow during floods due to climatic extremes. Heavy spring rains can cause a surge in discharge, undermining banks and remodeling rivers to such an extent that they may alter their course. Even without flood conditions, local weather can produce an influx of additional water into the stream, creating a much greater volume of flow. If you visit the river during this period, sections of the river that were riffles before might now be unfishable whitewater. Periods of drought will have the opposite effect, creating low-water conditions. This presents challenges for us as anglers. Besides having to exercise caution while wading under different conditions, we also need to employ adaptive angling strategies.

    Changes in the lotic ecosystem also vary in scale. These changes are often not as obvious on a smaller scale as large-scale changes. They can be as subtle as a heavier sediment load in runoff created by normal precipitation, which can temporarily change the composition of the river from one day to another by introducing this suspended material into the water, even if the volume of flow in the river is not tremendously increased. This may affect insect and trout activity as well as aquatic vegetation, because the turbidity decreases the amount of light transmitted through the water. Drought conditions can also lead to changes in water composition and clarity.

    New structure or features in the river can introduce small-scale changes as well, which can result in entirely new habitat. Have you ever visited a river and found a new deadfall or logjam in the water? The river immediately starts to react by remodeling in response to the new feature. The current may be deflected, flowing in a new direction. This can cause erosion or freshly undercut banks. Deposition of material creates sandbars behind the obstruction, and the shifting current can expose areas of riffles. The next time you see a new water feature in your favorite river, observe all the changes that have happened as a result of its presence. Notice the way the river has reacted and current flow has changed, even well downstream.

    By altering habitat, these conditions can redistribute trout within the river and cause changes in their feeding behavior. From one season to the next, the river can fish quite differently. The trout may have shifted their location and feeding behavior in reaction to the changing circumstances. You will have to respond as well. You may not be able to rely on your favorite places. You have to be observant and react to the changes. Anglers face a different river each time we visit, and we have to be dynamic and responsive in our angling approaches.

    Large-scale changes caused by flowing water may take thousands of years. An example is the Grand Canyon, which took eons for the river to carve out of the bedrock. Lowland floodplains and river deltas also formed over many years. A huge river like the Mississippi reflects large-scale changes from both temporal and spatial perspectives, as it involves both a long time frame and a large surface area within the environment.

    Spatial Variation

    Rivers also have tremendous variation from one spot to another, even when climatic factors and water-flow conditions are constant, and this variation is critical for the rich diversity of habitat characteristic of lotic ecosystems. Streams have areas where the current has removed looser material, exposing the rough and rocky substrate to form riffles, and areas where slower and softer water has allowed the sedimentary material to drop out of the flow and be deposited on the bottom to create an entirely different habitat in pools. Thus different habitats in the same stream often are only a short distance apart, such as a riffle immediately followed by a pool. Each of these water features creates an entirely different microenvironment within the ecosystem, providing a wide array of unique habitats for the diverse organisms that live in rivers and streams.

    On a larger scale, there is great variation from one waterway to the next. Consider the differences between a glacial-fed mountain stream and an alluvial river such as the Mississippi. An alluvial river is a lowland river that flows over a riverbed made up of loose sedimentary material that was deposited during previous periods of high flows or floods. These water systems carry a high load of sediment from erosion upriver and deposit it in the floodplain. As a result, these rivers are constantly rechanneling and re-forming according to the deposition of that material. By contrast, glacial streams, especially near their headwaters, may be rich in inorganic minerals but very low in organic matter. Both of these are lotic ecosystems, but they are drastically different.

    

    THE BIOLOGY OF WATER

    When you are standing in a large river, the sheer volume of water may make it hard to believe that such a large and vast waterway has a single point of origin. As T. S. Elliot once said, “The River itself has no beginning or end. In its beginning, it is not yet the River; in its end, it is no longer the River. What we call the headwaters is only a selection from among the innumerable sources which flow together to compose it.” It is possible to trace most rivers to their headwaters, but they usually have more than one source of water. Most rivers have humble beginnings but gain water and momentum along their course as other tributaries join and add their water to the flow. Water enters rivers and streams in three ways: through direct precipitation, surface runoff, and subsurface flow.

    Direct precipitation is water that falls directly into the river or stream as rain, snow, hail, or other forms of precipitation, or as condensation falling from streamside vegetation or structure. This method contributes the lowest percentage of new water.

    The next-largest contributor of new water entering rivers and streams is surface runoff, water that flows over the surface of the ground in the geographic region that drains into the river. This includes not only surface water from recent precipitation, but also water from melting snow or ice, including glaciers. This source is seasonally dynamic and fluctuates with the climatic activity within the region. Heavy rains and snowmelt can increase the amount of surface runoff, whereas periods of drought can eliminate any contribution at all. Some rivers that depend on surface runoff for the predominant source of water may dry up altogether in the dry season. Snow or glacial melt can form the headwaters for many mountain streams. For these streams, surface runoff constitutes a more significant portion of the total amount of their water, at least near the headwaters, although farther downstream other sources may contribute additional water.

    Subsurface flow accounts for the largest water contribution for most rivers and streams. Subsurface water in storage reserves is known as groundwater. Water from the subsurface water table in the form of seeps, springs, and subsurface flow can serve as the headwaters for many waterways, as well as add water at many points along the length of a river. The temperature of the underground water that enters the river is fairly constant year-round, so trout frequently concentrate at the points of groundwater input, where the water temperature remains within their comfort range.
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    The water in rivers and streams comes from three different sources: direct precipitation, surface runoff, and subsurface flow. The proportion of input from each of these sources varies according to season, weather, climate, and geologic factors, such as slope and soil composition.

    Most rivers have a combination of water from all three sources, the proportion of which varies depending on the season, location, and climatic conditions. Even though the headwaters of many streams may draw heavily on one particular source, all three can introduce new water at any point along the waterway. For example, streams that begin as runoff from melting snow or ice near the headwaters often receive contributions from other sources as they move into the valley. Those that draw their headwaters from springs or seeps receive additional water from surface flow during the spring thaw and heavy rains.

    

    THE WATER CYCLE

    Water is essential to all living organisms and is supplied by the continual recirculation of water within the global ecosystem in what is referred to as the water cycle—the constant interchange of water among three main ecological water storage reservoirs: atmospheric water vapor; surface water in the form of rivers, streams, lakes, ponds, and oceans; and subsurface groundwater. The atmospheric, surface, and subsurface reservoirs contain vast amounts of water, and water can move among these reserves, which may require a change in its form, such as liquid to vapor or solid (ice). Although this interchange of water has been occurring for millions of years, the balance of water on the earth has remained fairly constant over time.

    Rivers need a constant supply of water to remain viable ecosystems. Without the movement of water from watersheds to the oceans, which represent the largest surface-water reservoirs, rivers would run dry and the organisms that live there would perish. As Jacques Cousteau pointed out, “The water cycle and the life cycle are one.”

    A closer look at the water cycle is essential to understand the factors that regulate water input. To appreciate the current that is created by the flow of water, it is necessary to understand how that water got there in the first place. The flow of water, and thus the strength of the current, is directly proportional to the amount of water entering the waterway. Currents vary drastically at different rates of flow. This not only determines which waters are suitable for wading, but also influences insect activity, trout location, and their behavior and feeding patterns.

    The entire geographic region drained by a river and its tributaries, including the area of land where runoff from precipitation or melting snow or ice drains downhill to join a waterway, is known as a drainage basin, catchment, or watershed. Each river exists as an extension of the drainage basin, which includes the terrestrial ecosystem characteristic for that area and climate. The landscape features influence the composition of water in the particular river, and thus the terrestrial ecosystem influences the lotic ecosystem. Slope and pitch of the landscape, the soil type, and hardness or porosity of the surface all affect water movement in the watershed. Rivers and streams connect each drainage basin with other waterways and eventually the oceans.

    The water cycle plays a vital role in the maintenance of aquatic ecosystems. It is the constant movement of water among the three types of reservoirs that results in precipitation and replenishes the groundwater sources that serve as the headwaters of many rivers and streams, which carry the water to the oceans. The water cycle is also important in regulating the temperature of rivers and streams through the process of evaporation. In the warm summer months, as the water temperature of a river rises, evaporation of water at the surface lowers the temperature, just as our bodies cool when sweat evaporates from our skin. Evaporation from the surface is affected by the temperature and humidity of the air and the amount of wind present. More evaporation occurs on dry, windy days, keeping the streams cooler. On hot, humid, still summer days, there is less evaporative cooling resulting in substantially higher water temperatures and creating uncomfortable conditions for trout.
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    Each river is an essential component and extension of the entire geographic area that it serves. The climate and terrestrial features shown in the right foreground produce an entirely different kind of river than those on the left. A mountain stream, shown in the background, is fed by glacial melt and is different from both of the others in terms of water composition, temperature, and flow.

    The opposite reaction, condensation, frequently occurs when the temperature falls and water vapor in the air is cooled. As the air temperature falls, the saturation level is exceeded and the excess moisture condenses on exposed surfaces. As water changes from vapor to liquid, it has the opposite effect from evaporation, raising the surrounding temperature. The most common natural example is dew, which is important ecologically to both plants and animals, alike. In fact, condensation serves as a water source for several species of beetles, and in California’s redwood forests, fog drip from condensation on trees is essential to that ecosystem.

    The water cycle can be viewed as three financial banks where, instead of money, water is held in deposit. These three banks represent the atmosphere, surface water, and subsurface groundwater. Each bank is capable of storing large amounts of money but must be able to communicate with the other banks to ensure a constant back-and-forth flow of funds. The atmosphere can interface directly with the surface waterways, and the surface-water system can exchange directly with the subsurface groundwater, but the surface-water systems act as a mediator for the exchange of water between the atmospheric and groundwater reservoirs. Water must first enter the surface-water system from either the atmosphere or subsurface sources before it can proceed to the other depository. The mechanisms that exist to transfer funds from one reserve to another ensure a dynamic balance among these storage reserves.
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    The water cycle consists of the three storage reservoirs and the paths of communication that allow the transfer of water among them. The illustration shows the interrelationships among these water reservoirs and the mechanisms that facilitate the transfer of water.

    The direction of water exchange is not always equal or constant. The water cycle is dependent on and affected by many factors, such as climate, weather, and geographic characteristics. For instance, in arid regions, there may be long gaps between periods of rainfall. Sometimes the recycling of water takes place over thousands of years, as in the case of water frozen as ice in glaciers and then returning to streams slowly as meltwater. Other times the cycle is very fast, such as when rainwater falls into a river one day and evaporates back into the atmosphere the next.

    The Atmospheric Water–Surface-Water Relationship

    The water cycle can best be understood by considering the interrelationships between two reservoirs at a time. This section looks at the relationship between atmospheric water and surface water, and the next section examines that between surface water and groundwater.

    The atmosphere can store a large amount of water in the form of vapor or humidity, which can be transferred to the surface through precipitation that falls into the catchment, mostly in the form of rain or snow. Condensation also introduces a smaller amount of water into the catchment. This water can either remain on the surface as runoff, eventually entering a surface waterway, or join the subsurface water system by infiltrating through the soil and percolating downward under the influence of gravity to join the groundwater reserve. Many factors dictate how much water soaks in and how much becomes surface runoff. The amount and intensity of the precipitation are two important ones. If the soil becomes saturated, any new precipitation is more likely to become surface runoff. If the precipitation falls faster than the soil’s ability to absorb it, surface flow will increase. The slope of the landscape and the presence or absence of vegetation also influence the ability of the water to infiltrate to the deeper layers. The soil composition of the catchment is another factor in water transfer. If it is hard and nonporous, the water is more likely to remain as surface runoff. If it is looser and more porous, the water can infiltrate and percolate into the deeper layers. If this happens, the water will pass from the surface-water system and enter the groundwater reservoir.

    One early July afternoon, I was fishing the Green Drake hatch on the Elk River in British Columbia. The Elk winds between the jagged peaks of the Canadian Rocky Mountains, and the surrounding terrain is rough and rocky, with very steep slopes. I had just begun to fish when dense, charcoal-colored thunderclouds appeared from out of nowhere and made their menacing march up the valley in the abrupt way that seems to typify weather changes in the mountains. I hunkered down in the cover to ride out the squall, which arrived with all of the subtlety of a freight train. The gusty winds, driving rain, and dime-size hail had me a little worried. Being a flatlander, I half expected to see Dorothy go flying by with Toto. But the storm was over as quickly as it had begun, and I made my way back to the river and was soon fishing again, with sunshine peeking through the dissipating clouds. It seemed that the sides of the surrounding mountains took the brunt of the bad weather. I could still see misty sheets of rain pouring out of the black clouds farther up the valley. Before I could cast a dozen times, the water turned a muddy brown. The river had risen sharply and rapidly, and now it churned and raged against its banks. The torrential rains along the expanse of the mountainside had sluiced down into the feeders and blown out the river. In a matter of fifteen minutes, it had become unfishable. I left the river and headed to a nearby pub, where I swapped my rod and reel for a beer and burger. Instead of fishing, I spent the afternoon trading exaggerated fishing stories and worn-out jokes with the owner while a baseball game droned on from the corner television.

    If that same rate and amount of precipitation had fallen in the water-shed of another of my favorite rivers, the Pere Marquette in Michigan, I would have been able to fish the rest of the day. The river is surrounded by deciduous trees with a lot of groundcover vegetation, as well as gently sloping landscape features, so runoff would have been slower. The catchment’s loose, sandy soil would have absorbed much of the rainwater, and thus the river would not have been substantially raised. But because of the Elk River drainage basin’s steep terrain and hard, nonporous soil, the precipitation immediately washed into the river as surface runoff, and the resultant high water was nearly instantaneous.

    Evaporation and transpiration are the two main mechanisms by which water can reenter the atmospheric reserve from surface-water deposits such as streams, rivers, lakes, and oceans. Evaporation is the means by which water is changed from a liquid within the surface-water reservoir into a vapor that joins the atmospheric bank. This can occur at any interface between air and water. There is a constant recycling of water over the oceans, where rain falls in one area and water evaporates back into the atmosphere in another. During the process, energy is absorbed, which serves as a thermoregulatory mechanism to cool the remaining water.

    The moisture that reaches the soil as precipitation may begin to infiltrate into the soil, but some of it never reaches the groundwater layer. Before it can percolate very far, some of that water is absorbed by the roots of trees or other vegetation. Plants use a portion of the water that they absorb to sustain their life and growth, but some of it makes its way back into the atmosphere through release of water from the surface of foliage, called transpiration. Their leaves cause most plants to have a large amount of surface area exposed to the drying effects of sunlight and air, and much of the water that is absorbed by the roots is released back into the atmosphere by water loss from the surface of the leaves.
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    The water on the surface is in a constant state of exchange with the water in the atmosphere. Fresh water falls as rain or snow onto the surface landscape or waterways and returns to the atmosphere as water vapor, where it condenses to form clouds, which then repeat the cycle in the form of precipitation.

    During the drying process, evaporation can also occur from wetlands and areas of saturated soils. This combined water transfer from the catchment back into the atmosphere is often called evapotranspiration and includes the release of water from evaporation from the surface water and the saturated soil as it dries and transpiration from vegetation. In some ways, this portion of the water cycle is akin to the respiratory cycle. Water enters or is “inhaled” into the catchment in the form of precipitation or condensation, and it is “exhaled” back into the atmosphere through the processes of evaporation and transpiration.

    Some of the water that enters the catchment may be intercepted before it can either join the surface-water system or infiltrate through the surface to the groundwater reserve. When water enters the catchment in the form of rain, snow, or other forms of precipitation, some of that water never even reaches the soil. It can land on the leaves of vegetation, from which it can evaporate back into the atmosphere without ever contacting the soil. This most commonly occurs when snow is held in the boughs of coniferous trees such as cedars. It reenters the atmosphere as water vapor directly from the solid state of snow or ice. This transformation from a solid directly to a gas is known as sublimation.

    Water can also be intercepted in its movement within the catchment by the formation of ice, snowpack, or glaciers, thus temporarily preventing it from joining either the surface or subsurface water system. This condition can last for a short period of time, as in the case of snow or ice accumulation on the ground or in the boughs of trees, which can be released in the spring thaw, or for thousands of years, as in a glacier. Although the water can reenter the atmosphere through the slower process of sublimation, most of it is released during the meltoff. The seasonal release of intercepted water can combine with spring rains to add a significant amount of new water to streams and rivers during the thawing period.

    The Surface-Water–Groundwater Relationship

    Below the surface of the land, successive layers of soil become increasingly saturated with water. The deeper the layers, the more water-saturated they become until the water table is reached, at which point the layers are fully saturated. This is the groundwater reservoir. Groundwater is typically held within the fissures, cracks, and spaces in porous rock formations in this layer.

    Because of gravity, water moves within this saturated zone as it follows the natural slope of the terrain. Since the natural pitch is toward the bottom of the drainage basin, this subsurface flow often leads to rivers or streams, where this water can enter these waterways through seeps and springs. Subsurface flow can also occur during the infiltration process if the water encounters a layer that is hard and nonporous as it descends toward the groundwater layer. The nonporous rock prevents deeper penetration at this point, so the water flows along these interfaces, following the slope or pitch of the geographic land features toward the bottom of the drainage basin, where it may join with surface-water systems

    Groundwater is replenished through the process of infiltration from the surface, which links it to the surface-water system. When rain falls on the soil, some moisture soaks through the surface layers and percolates downward to join the water table. Water also percolates through the bottoms of rivers and may continue its descent into the groundwater. The layer of substrate just below a river is saturated with water and interconnects with the water table. This layer, called the hyporheos, is alive with bacteria and other organisms and is a miniature ecosystem in its own right.

    Within a catchment, gently sloping hills with trees and grass that discourage surface runoff promote infiltration and are groundwater recharge areas. The loose, porous soils of recharge areas allow the rain that falls to soak into the soil. Gravity causes the water to percolate downward through the upper layers and eventually join the groundwater reserve.
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    Water infiltrates the soil and percolates downward from the surface under the influence of gravity to recharge the groundwater reservoir. It returns to the surface at points where the water table discharges water in the form of seeps and springs.

    Water returns to the surface from the groundwater reserve through springs, seeps, and subsurface flow in discharge areas, which are usually located along the valley floor in close proximity to the river. When the flow erupts to the surface as a single point, it is called

    
    
    
    
    

    
    
    
    
    
    
    
    
    
    
    

    
    
    
    
    
    
    
    
    
    
    
    
    

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

    
    
    
    
    
    
    
    
  


  

  
    [image: ]

    Adams, E.S. 2001. Approaches to the study of territory size and shape. Annual Review of Ecology and Systematics 32:277–303.

    Allan, J.D. 1995. Stream Ecology: Structure and Function of Running Waters. Dordrecht, Netherlands: Kluwer Academic Publishers.

    Angardi, T.R., and Griffith, J.S. 1990. Diel feeding chronology and diet selection of rainbow trout (Oncorhynchus mykiss) in the Henry’s Fork of the Snake River, Idaho. Canadian Journal of Fisheries and Aquatic Sciences 47:199–209.

    Ayllon, D., Allodovar, G.G., and Elvira, B. 2010. Modelling brown trout spatial requirements through physical habitat simulations. River Research and Applications 26 (9): 1909–1102.

    Bachman, R.A. 1984. Foraging behavior of free-ranging wild and hatchery brown trout in a stream. Transactions of the American Fisheries Society 113:1–32.

    Baldwin, C.M., Beauchamp, D.A., and Gubala, C.P. 2002. Seasonal and diel distribution and movement of cutthroat trout from ultrasonic telemetry. Transactions of the American Fisheries Society 131:143–158.

    Bergman, R. 1938. Trout. New York: Alfred A. Knopf.

    Biro, P.A., Ridgway, M.S., and Noakes, D.L.G. 1997. The central-place territory model does not apply to space use by juvenile brook charr (Salvelinus fontinalis) in lakes. Journal of Animal Ecology 66:837–845.

    Brewin, P.A., and Ormerod, S.J. 1994. Macroinvertebrate drift in streams of the Nepalese Himalaya. Freshwater Biology 32:573–583.

    Bridcut, E.E., and Giller, P.S. 1993. Movement and site fidelity in young brown trout (Salmo trutta) population in a southern Irish stream. Journal of Fish Biology 43:889–899.

    _____. 1995. Diet variability and foraging strategies of brown trout (Salmo trutta): an analogy from subpopulations to individuals. Canadian Journal of Fisheries and Aquatic Science 52 (12):2543–2552.

    Burroughs, B. 2003. Scientifically speaking. Michigan Trout. Michigan Council of Trout Unlimited. April.

    Chaston, I. 1969. A study of the exploitation of invertebrate drift by brown trout (Salmo trutta) in a Dartmoor stream. Journal of the Fisheries Research Board of Canada 26:2165–2171.

    Ciborowski, J.J.H. 1983. The influence of current velocity, density and detritus on the drift of two mayfly species (Ephemeroptera). Canadian Journal of Zoology 61:119–125.

    Clapp, D.F. 1988. Movement, habitat use and daily activity patterns of trophy brown trout in the South Branch of the Au Sable River. Fisheries Research Report No. 1907. Ann Arbor: Michigan Department of Natural Resources.

    Clapp, D.F., Clark, R.D., Jr., and Diana, J.S. 1990. Range, activity and habitat of large, free-ranging brown trout in a Michigan stream. Transactions of the American Fisheries Society 119:1022–1034.

    Clapp, D. F., and Diana, J.S. 1990. Range, activity, and habitat of large, free-ranging brown trout in a Michigan stream. Transactions of the American Fisheries Society 119:1022–1034.

    De Crespin De Billy, V., and Usseglio-Polatera, P. 2005. Traits of brown trout prey in relation to habitat characteristics and benthic invertebrate communities. Journal of Freshwater Biology 60 (3):687–714.

    Dephillips, M. 2001. Daily and seasonal movements of large brown trout and wall-eye in an impounded reach of the Au Sable River, Michigan. Fisheries Research Report No. 2056. Ann Arbor: Michigan Department of Natural Resources.

    Elliott, J.M. 1967. The food of trout (Salmo trutta) in a Dartmoor stream. Journal of Applied Ecology 4:59–71.

    _____. 1973. The food of brown and rainbow trout (Salmo trutta and Salmo gairdneri) in relation to the abundance of drifting invertebrates in a mountain stream. Oceologia 12:329–347.

    _____. 1994. Quantitative Ecology and the Brown Trout. Oxford: Oxford University Press.

    Elliott, J.M., and Hurley, M.A. 2000. Daily energy intake and growth of piscivorous brown trout (Salmo trutta). Freshwater Biology 44:237–245.

    Farbridge, K.A., and Leatherland, J.F. 1987. Lunar cycles of coho salmon, Oncorhynchus kisutch. Journal of Experimental Biology 129:179–189.

    Fausch, K.D. 1984. Profitable stream positions for salmonids: relating specific growth rates to net energy gain. Canadian Journal of Zoology 62:441–451.

    Fausch, K.D., and White, R.J. 1981. Competition between brook trout (Salvelinus fontinalis) and brown trout (Salmo trutta) for positions in a Michigan stream. Canadian Journal of Fisheries and Aquatic Sciences 38:1220–1227.

    Forseth, T., and Jonsson, B. 1994. The growth rate and food ration of piscivorous brown trout (Salmo trutta). Functional Ecology 8:171–177.

    Galarowicz, T.L., Adams, J.A., and Wihl, D. 2006. The influence of prey availability on ontogenetic diet shift of a juvenile piscivore. Canadian Journal of Fisheries and Aquatic Sciences 63 (8):1722–1733.

    Giller, P.S., and Malmquist, B. 1998. The Biology of Streams and Rivers. New York: Oxford University Press.Giroux, F., Ovido, M., Philippart, J.C., and Baras, E. 2000. Relationship between the drift of macroinvertebrates and activity of brown trout in a small stream. Journal of Freshwater Biology 45:1248–1257.

    Gowan, C., and Fausch, K.D. 1996. Mobile brook trout in two high elevation Colorado streams: re-evaluating the concept of restricted movement. Canadian Journal of Fisheries and Aquatic Sciences 53:1370–1381.

    Grau, E.G. 1982. Is the lunar cycle a factor timing the onset of salmon migration? In Proceedings of the Symposium on Salmon and Trout Migratory Behavior, ed. E.L. Brannon and E.O. Salo, 184–189. Seattle: University of Washington, College of Fisheries.

    Greenberg, L.A., and Giller, P.S. 2001. Individual variation in habitat use and growth of male and female brown trout. Ecography 24 (2):212–224.

    Griffith, J.S., Jr. 1972. Comparative behavior and habitat utilization of brook trout (Salvelinus fontinalis) and cutthroat trout (Salmo clarki) in small streams in northern Idaho. Journal of the Fisheries Research Board of Canada 29:265–273.

    Gunnarsson, G.S. 2009. Territorial and foraging behavior of juvenile salmonids in Icelandic streams. Master’s thesis, Universitatis Icelandiae Sigillum.

    Hafele, Rick. 1986. Anatomy of a Trout Stream. VHS. St. Paul: 3M and Scientific Anglers.

    Hudson, J.P. 1993. Seasonal and daily movements of large brown trout in the mainstream Au Sable River, Michigan. Fisheries Research Report No. 1988. Ann Arbor: Michigan Department of Natural Resources.

    Hughes, D. 1988. Reading the Water. Mechanicsburg, PA: Stackpole Books.

    Hynes, H.B.N. 1970. The Ecology of Running Waters. Toronto: University of Toronto Press.

    Hyvarinen, P., and Huusko, A. 2006. Diet of brown trout in relation to variation in abundance and size of pelagic fish prey. Journal of Fish Biology 68:87–98.

    Imre, I., Grant, J.W.A., and Keeley, E.R. 2002. The effect of visual isolation on territory size and population density of juvenile rainbow trout (Oncorhynchus mykiss). Canadian Journal of Fisheries and Aquatic Sciences 59:303–309.

    Imre, I., Grant, J.W.A., and Keeley, E.R. 2004. The effect of food abundance and territory size and population density of juvenile steelhead trout (Oncorhynchus mykiss). Oecologia 138:371–378.

    Jenkins, T.M.J. 1969. Social structure, position choice and microdistribution of two species (Salmo trutta and Salmo gairdneri) resident in mountain streams. Animal Behavior Monographs 2:57–123.

    Jenkins, T.M., Feldmeth, T.H., and Elliott, G.V. 1970. Feeding of rainbow trout (Salmo gairdneri) in relation to abundance of drifting invertebrates in a mountain stream. Journal of the Fisheries Research Board of Canada 27:2356–2361.

    Jensen, H., Amundsen, P.A., Behn, T., and Aspholm, P.E. 2004. Feeding ecology of piscivorous brown trout (Salmo trutta) in a subarctic watercourse. Annales Zoologici Fennici 41:319–328.

    Jensen, H., Amundsen, P.A., Elliott, J.M., Behn, T., and Aspholm, P.E. 2006. Prey consumption rates and growth of piscivorous brown trout in a subarctic water-course. Journal of Fish Biology 68:838–848.

    Jensen, H., Bohn, T., Amundsen, P., and Aspholm, P. 2004. Feeding ecology of piscivorous brown trout (Salmo trutta) in a subarctic water course. Annales Zoologici Fennici 41:319–328.

    Jensen, H., Kahilainen, K., Amundsen, P.-A., Gjelland, K.O., Toumaala, A., Mali-nen, T., and Bohn, T. 2008. Predation by brown trout (Salmo trutta) along a diversifying prey community gradient. Canadian Journal of Fisheries and Aquatic Sciences 65:1831–1841.

    Jonsson, M., Skov, C., Koed, A., and Nilsson, P.A. 2008. Temporal clumping of prey and coexistence of unequal interferers: experiments on social foraging groups of brown trout on invertebrate drift. Oikos 117:1782–1787.

    Jonsson, N., Naesje, T.F., Jonsson, B., Saksgard, R., and Sandlund, O.T. 1999. The influence of piscivory on life history traits of brown trout. Journal of Fish Biology 22 (6):1129–1141.

    Juanes, F., and Stouder, D.J. 1994. What determines prey size selectivity in piscivorous fishes? In Theory and Application in Fish Feeding Ecology, ed. D.J. Stouder, K.L. Fresh, and R.J. Feller, 79–100. Belle W. Baruch Library in Marine Sciences, no. 18, University of South Carolina Press, Columbia, South Carolina.

    Jude, D.J., Tesar, F.J., Deboe, S.F., and Miller, T.J. 1987. Diet and selection of major prey species by Lake Michigan salmonines, 1973–1982. Transactions of the American Fisheries Society 116:677–691.

    Keast, A. 1985. The piscivorous feeding guild of fishes in small fresh water systems. Environmental Biology of Fishes 12:119–129.

    Keeley, E.R. 2000. An experimental analysis of territory size in juvenile steelhead trout. Animal Behavior 59 (3):477–490.

    Keeley, E.R., and Grant, W.H. 2001. Prey size of salmonid fishes in streams, lakes and oceans. Canadian Journal of Fisheries and Aquatic Sciences 58:1122–1132.

    Keeley, E.R., and McPhail, J.D. 1998. Food abundance, intruder pressure and body size as determinants of territory size in juvenile steelhead trout (Oncorhynchus mykiss). Behavior 135 (1):65–82.

    Lyons, N. 1977. Bright Rivers. Philadelphia: Lippincott.

    Maclean, N. 1976. A River Runs Through It. Chicago: University of Chicago Press.

    Marinaro, V.C. 1976. In the Ring of the Rise. New York: Crown Publishers.

    Maslow, A. 1943. A theory of human motivation. Psychological Review 50:370–396.

    Matthews, K.R., Berg, D.L., Azuma, D.L., and Lambert, T.R. 1994. Cool water formation and trout habitat use in a deep pool in the Sierra Nevada, California. Transactions of the American Fisheries Society 123:549–564.

    Merritt, R.W., Cummins, K.W., and Berg, M.B. 2008. An Introduction to the Aquatic Insects of North America. Dubuque, IA: Kendall/Hunt Publishing Company.

    Meuse, J.B. 1975. Relation of density to brown trout movements in a Michigan stream. Transactions of the American Fisheries Society 104:688–695.

    Naesje, T.F., Sandlund, O.T., and Saksgaard, R. 1998. Selective predation of piscivorous brown trout (Salmo trutta) on polymorphic whitefish (Coregonus lavaretus L.). Archiv fuer Hydrobiologie Special Issues: Advances in Limnology 50:283–294.

    Nakano, S., and Furukawa-Tanaka, T. 1994. Intra- and interspecific dominance hierarchies and variation in foraging tactics of two species of stream-dwelling char. Ecological Research 9 (1):9–20.

    Nakano, S., Kawaguchi, Y., Taniguchi, Y., and Miyasaka, H. 1999. Selective foraging on terrestrial invertebrates by rainbow trout in a forested headwater stream in northern Japan. Ecological Research 14:351–360.

    Nielsen, J.T., Lisle, T.E., and Ozaki, V. 1994. Thermally stratified pools and their use by steelhead in northern California streams. Transactions of the American Fisheries Society 123:613–626.

    Nilsson, P.A., and Ruxton, G.D. 2004. Temporally fluctuating prey and interfering predators: a positive feedback. Oikos 101:411–415.

    Ormerod, S.J., Jones, M.E., Jones, M.C., and Phillips, D.R. 2004. The effect of riparian forestry on invertebrate drift and brown trout in upland streams of contrasting acidity. Hydrology and Earth Sciences 8 (3):578–588.

    Pielou, E.C. 1998. Fresh Water. Chicago: University of Chicago Press.

    Pyke, G.H., Pulliam, H.R., and Charnov, E.L. 1997. Optimum foraging: a selective review of theory and tests. Quarterly Review of Biology 52:137–154.

    Regal, G.E. 1992. Range of movement and daily activity of wild brown trout in the South Branch of the Au Sable River, Michigan. Fisheries Research Report No.1907. Ann Arbor: Michigan Department of Natural Resources.

    Ringler, N.H. 1979. Selective predation by drift feeding brown trout (Salmo trutta). Journal of the Fisheries Research Board of Canada 36:392–403.

    _____. 1985. Individual and temporal variation in prey switching by brown trout (Salmo trutta). Copea 4:198–926.

    Romaniszyn, E.D., Hutchens, J.J., Jr., Wallace, J.B. 2007. Aquatic and terrestrial invertebrate drift in southern Appalachian streams; implications for trout resources. Journal of Freshwater Biology 52 (1):1–11.

    Schulz, V., and Berg, R. 1992. Movements of ultrasonically tagged brown trout (Salmo trutta) in Lake Constance. Journal of Fish Biology 40:909–917.

    Shetter, D.S. 1968. Observations on movement of wild brown trout in two Michigan stream drainages. Transactions of the American Fisheries Society 97:472– 480.

    Skues, G.E.M. 1921. The Way of a Trout with a Fly. London: A. & C. Black.

    Stauffer, T.E. 1977. A comparison of the diet and growth of brown trout (Salmo trutta) from the South Branch of the Au Sable River. Fisheries Research Report No. 1845. Ann Arbor: Michigan Department of Natural Resources.

    Steingromsson, S.O., and Grant, J.W.A. 2011. Determinants of multiple central-place territory use in wild young-of-the-year Atlantic salmon (Salmo salar). Behavioral Ecology and Sociobiology 65 (2):275–286.

    Sweeney, B.W., and Vannode, R.L. 1982. Population synchrony in mayflies Dolania americana: a predator satiation hypothesis. Evolution 36:810–821.

    Swisher, D., and Richards, C. 2000. Selective Trout. New York: Lyons Press.

    Tippets, W.E., and Moyle, P.B. 1978. Epibenthic feeding of rainbow trout from the McCloud River, California. Journal of Animal Ecology 47:549–559.

    Utz, R.M., and Hartman, K.J. 2006. Temporal and special variation in the energy intake of a brook trout (Salvelinus fontinalis) population in an Appalachian watershed. Canadian Journal of Fisheries and Aquatic Sciences 63:2675–2686.

    Venables, R. 1662. The Experienced Angler; or, Angling Improved. London.

    Walton, I. 1653. The Compleat Angler; or, The Contemplative Man’s Recreation. London.

    Waters, T.F. 1965. Interpretation of invertebrate drift in streams. Ecology 46:327–334.

    _____. 1972. The drift of stream insects. Annual Review of Entomology 17:253–272.

    Wilkison, R.A. 1996. Fish community structure and brown trout predation in upper Silver Creek, Idaho. Master’s thesis, Idaho State University, Pocatello.

    Wilzbach, M.A., and Cummins, K.W. 1986. Influence of habitat manipulations on interactions between cutthroat trout and invertebrate drift. Ecology 67 (4):898– 911.

    Wooton, R.J. 1998. The Ecology of Teleost Fish. Dordrecht, Netherlands: Kluwer Academic Publishers.

    Younger, J. 1840. River Angling for Salmon and Trout. Edinburgh: W. Blackwood.

  


  

  
    [image: ]

  

OEBPS/Images/15a.jpg





OEBPS/Images/cover.jpg
‘th ; rerriiLi
. ,-f.‘:u“ﬂ -

. CURRENTS

nnnunufﬁﬁa@ ~





OEBPS/Images/7a.jpg





OEBPS/Images/xi.jpg





OEBPS/Images/13a.jpg
sublimation pare
~
\v“ /






OEBPS/Images/10a.jpg
evapotranspiration precipitation and
and sublimation condensation

seeps and infiltration and
springs percolation

S S50 RN

-
o0 Oo G598,





OEBPS/Images/backcover.jpg
FLY FISHING

“In my fly-tying room is a shelf full of books devoted to
trout fishing, and I've read them all. With the exception of
one or two, Moving Water has more information to help
make you a better trout fisherman than any of the others.
You’ll have to read and reread it many times to fully
absorb its contents so you can use it in pursuit of trout
wherever there is current, be it a tiny brook, a tumbling
mountain creek, a meandering limestone stream,
or a large river.”
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