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Why and How to Use This Guide

Water has the power to draw all of us. We have a primal, basic need for water, so it’s no surprise that our streams, lakes, and oceans draw billions of visitors every year. When we are children we have a natural curiosity for what we see while we play around the water, and if we’re lucky, that curiosity continues into adulthood. This book is intended for anyone who spends time around creeks and small rivers. It is dedicated to all those who love to walk or paddle along streams; to the rock flippers, the fishermen and fisherwomen, the naturalists, the educators, the moms and dads, the grandparents, the children, and to all of us who enjoy the amazing things there are to learn, teach, and discover along the arteries of this earth.

WHY THIS GUIDE?

To look at only the underwater stream environment or only the land next to a river (the riparian zone) would be to get only half the picture. There are excellent guides on each group of plants and animals covered here. We wanted to produce a guide that would help you identify what you see both above and under the water while walking, wading, fishing, or canoeing along some of the most productive and diverse environments in the U.S.

It is our hope that this field guide loses its corners and the pages become rippled with water damage from being used out in the field! There is no substitute for getting into nature and getting your feet wet. We have attempted to include animals and plants that are most commonly encountered along our eastern streams. Most of these streams can be explored by wading, canoeing, or kayaking, and we have elected not to cover species that are mainly found in huge rivers and reservoirs. In some cases we have included relatively rare species because they are such great examples of adaptation to the stream environment (e.g., hellbenders). Some animals included here, such as many of the birds, are not restricted to stream habitats at all but will be seen there quite often because they are common or because, like most animals, they are attracted to water sources. Because there are so many types of streams and so many species, we can’t cover everything. After all, there are at least 3,500 species of flies alone that have aquatic larvae! We didn’t even scratch the surface for most of the groups. However, this book should help you identify most things that you see to some level, see a more complete picture of your stream environment, and understand more about how all of the plants and critters in these amazingly diverse habitats interact. If you want to delve further into any of the groups covered here, we have put together a list of excellent resources in a categorized bibliography at the back of the book.

[image: img]

HOW TO USE THIS GUIDE

Field guides are often organized according to taxonomy. The most primitive groups are usually at the beginning and the most advanced groups are toward the end. This works well if you are very familiar with the particular kind of organism (for instance, birds) but makes little sense if you are a complete novice. In addition, new developments in our understanding of the evolutionary relationships of plants and animals causes frequent reorganization of these evolutionary organization systems. Because few people are likely to be familiar with the taxonomy of so many different groups (and most of us just flip through the pictures anyway), this guide is organized according to the most intuitive methods we could come up with. The organization of the identification sections is as follows:


	Plants are grouped by flower color. Within colors, plants are grouped by family.

	Shrubs and trees are grouped into families. The first trees and shrubs described are those with simple leaves, followed by compound-leaved species, and then conifers.

	Vertebrate animal groups (fish, amphibians, reptiles, mammals, and birds) are organized from smallest to largest in body size as much as possible. However, families are kept together because they share important characteristics that may help you to quickly narrow down the animal you are trying to identify to a few members of a family. For instance, rodents are all together even though they range in size from a mouse to a beaver.

	Invertebrates are grouped loosely from the simplest body form to most complex. This means that worms and invertebrates with wormlike larvae come first and things that always look like “normal” insects come last.



This guide is designed to be page-flipper-friendly. We have attempted to put the taxa that look the most alike together, and in some cases animals are covered at a taxonomic level that includes many species (i.e., at the order, family, and genus levels). Where it is beyond the scope of this book to differentiate the species from all look-alikes, we have attempted to list important anatomical features. These would be good features to photograph or take notes on so that you can confirm the identification later with the help of the internet or specific taxonomic references.
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The Physical Character of Streams

You may live close to a wonderfully clear, small stream that runs into a big, muddy creek. Have you ever wondered why the streams are so different? Each stream has a character all its own that is based on the surrounding geology, elevation change, land cover, and history of human alteration. Some streams are naturally clear, no matter how “messed up” by humans they really are. Some streams are in pristine condition but still have dark, tannin-stained water. The way a creek naturally looks depends a lot on its geology and morphology (the size, shape, elevation gradient, and other characteristics of its channel), and these characteristics vary according to where you are in the world. In the sections that follow we explain how streams are described and what factors influence their characteristics.

STREAM SIZE

The size of a stream can be measured in many ways. The smallest beginnings of a channel formed by running water are typically called rills or ruts, but the vast number of other names tend to mean different things to different people. After all, it is not uncommon to come across “creeks” or “brooks” in one part of the country that are larger than channels that would be called “rivers” in other parts of the country. One simple, three-level classification system is often used for stream-monitoring purposes: headwater, wadeable, and non-wadeable. Usually headwater streams can be crossed wearing a pair of knee boots, wadeable streams require chest waders, and non-wadeable streams are going to take a canoe.

Another way of measuring streams is by stream “order.” Stream order is determined from 1:24,000 scale U.S. Geological Survey topographic maps. On these maps, the smallest recognizable streams (headwater streams) are called first-order streams. When two first-order streams join they become a second-order stream. When two second-order streams join they become a third-order stream and so forth. However, two streams of the same order must join in order to increase the order number. For instance, a third-order stream that is joined by a second-order stream is still a third-order stream.

Another way to measure the size of a stream is by measuring the size of its drainage basin. The drainage basin (also called the watershed or catchment) includes all the land that is drained by a stream and determines the volume of water that will make it into the stream channel. For instance, the drainage basin of the Mississippi River extends practically from the Rocky Mountains to the Appalachian Mountains, while the drainage basin of the small rivulet of water that runs through your yard when it rains may be only a few acres.
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How streams are classified by stream order.

The size of the drainage basin or watershed is linked to a stream’s discharge, which is another measure of stream size. Discharge is measured by determining the volume of water that runs down a stream every second and is typically represented by cubic feet per second (abbreviated cfs). The Mississippi River has an average discharge of about 600,000 cfs, while a small stream with a 100-acre watershed may have an average discharge of less than 1 cfs. Streams in the eastern U.S. typically average about 1 cfs of flow for every square mile of drainage area, but many factors can influence this, including local rainfall, contribution from springs, land use, and geology.

Although not exactly a measure of size, streams can also be characterized in terms of the amount of the year that they hold water. This is referred to as their flow regime. Ephemeral streams typically only contain water after precipitation events, intermittent streams contain water seasonally, and perennial streams contain water year-round. Perennial streams typically have some contribution from an underground source and continue to flow even when water from recent rains has passed.

Stream Morphology

The length of a stream channel can basically be separated into a series of four parts: riffles, runs, pools, and glides. Riffles are the areas where water runs swiftest and shallowest. These areas are often found over a rough bottom of gravel, cobbles, or boulders. Constant splashing at the water’s surface makes this the most highly-oxygenated area of the stream, and as a result, riffles can be home to a high diversity of invertebrates and fish. Runs are also areas of fast-moving water but typically occur where the water is not shallow enough to cause a lot of splashing or rippling at the surface. Pools are the ponds of water located in slow-moving portions of the stream. Pools can occur where water piles up before going through a riffle and are often found at the outside of the bend in a meandering stream channel. A glide occurs where the slow-moving water of a pool begins to speed up as it flows out of the pool.
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An ephemeral stream.
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An intermittent stream.
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A perennial stream.
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Riffles and waterfalls are important areas for oxygenation of water.
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Basic parts of the stream and floodplain.

Stable riffle-pool sequences tend to repeat at a rate of one riffle for every five to seven stream widths. However, many coastal plain streams, ditched streams, and slow-flowing bottomland systems don’t have riffles. Instead, these streams tend to consist mostly of slowly moving runs and pools, but they can form features that resemble riffles where buried logs or deposits of hard clay perturb the water’s surface. In very steep streams, such as those found in mountain areas, streams tend to consist of “step-pool systems.” Here, water flows from one plunge pool to another over a series of waterfalls.

Natural streams tend to meander across the landscape. The outsides of bends erode, and sediment gathers on the insides of bends, forming point bars (also known as sand bars or rock bars). The part of the channel where the majority of the current travels is referred to as the thalweg. In natural streams there is typically a “low flow” channel where water is found under normal conditions and a “bankfull” channel that is only full after extensive precipitation. Over time, streams can build extensive floodplains, erode canyons, and leave a complicated pattern of abandoned channels and oxbow wetlands that tell the story of a stream’s history.

Elevation change is one of the biggest factors influencing a stream’s character. High-gradient streams are those that rapidly change in elevation, and their water flows relatively fast. This type of stream is often found in hilly or mountainous areas. Low-gradient streams are found where there is little change in elevation along the length of the stream, resulting in slow-moving water. This type of stream consists mostly of a long, slow-moving pool and is typical of flat coastal plains, prairies, and valleys. In much of the eastern United States, a typical pattern is for many small, high-gradient creeks to join into large, low-gradient rivers. Some of our larger rivers begin flowing in cold, turbulent mountain streams but end up as low-gradient, brackish tidal rivers. Where small streams begin on flat land, such as the prairie or coastal plains, they often resemble shallow wetlands. In these situations, creeks may develop small channels for short distances between wetland areas, but often these systems wait until further downstream to form long, continuous channels.
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Streams naturally shift over time, leaving behind abandoned channels that often become wetland sloughs.
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Basic cross-section of a typical stream.

SUBSTRATE

In addition to drainage area and gradient, streams are also shaped by geology. Sandstone, limestone, glaciated soils, granite, or sand from the bottom of an ancient sea all result in different availability of nutrients, water clarity, and sediment sizes. For instance, streams that run on a layer of granite bedrock tend to have very clear water and few nutrients available to algae and other organisms. In contrast, streams running through fertile, glaciated prairies are often relatively turbid and rich in nutrients that feed algae, which can make the water cloudy.

Size is one of the most important characteristics of substrate. Sediment is typically classified according to the Wentworth Scale. For most purposes, the following categories will provide you with the ability to classify a stream’s sediment:


	boulder (averaging human head-size or bigger, >256 mm [10 in.])

	cobble (softball-size on average, 64–256 mm [2.5–10 in.])

	pebble (ping pong ball–size on average, 16–64 mm [0.6–2.5 in.])

	gravel (between sand and marble size, 2–16 mm [0.08–0.6 in.])

	sand (0.063–2 mm [0.02–0.08 in.])

	silt (0.0039–0.063 mm [0.001–0.02 in.])

	clay (<0.0039 mm [0.001 in.])



In addition to the above categories, woody debris and decomposing organic matter can also be important components of a stream’s substrate.

In streams with cobble or large gravel there are spaces (called “interstices”) between the stones where invertebrates such as stoneflies, mayflies, and caddisflies live. Other stream bottoms may consist of silt or thick deposits of organic matter. In this case, woody debris may be the only hard substrate to be found. Mud-bottomed systems are more likely to be inhabited by things like midge larvae and aquatic oligochaetes. There are certain types of mussels, snails, crayfish, fish, and other organisms that tend to live in gravel and cobble substrates and there are other species that tend to be found in silty, organic substrates. Even within a single stream, substrate can vary greatly from area to area. Riffles usually have the largest substrate, while the bottoms of pools tend to be made up of finer sediment particles that can settle out of the water column in the slower current found here.

STREAM ALTERATION

Humans began changing the courses of streams long ago. Stream alteration most likely began with small ditches dug to drain our habitations and water diversions to irrigate our fields. Eventually, we built larger drainage ditches and canals for transportation of goods and for flood control (although much of our channelization has actually made flooding more frequent and destructive). With the advent of highly effective digging machinery and huge, organized efforts of agencies like the Tennessee Valley Authority and U.S. Army Corps of Engineers, we began to change the riverine landscape on a scale that had only ever been matched by glaciers. Huge dam projects helped dig us out of the Great Depression and brought electricity and income to rural parts of the country. Meandering streams were straightened into drainage ditches in order to increase the speed with which water could be drained from land that we wanted to use for farming, timber harvest, and industry. The height of stream channelization occurred in the mid-1900s, but small efforts to “clean out” streams or “improve” streams still occur today.

Stream channelization is the most common term for straightening and deepening a stream (turning it into a ditch). There are several other landscape changes that generally accompany stream channelization. For instance, parts of the drainage basin are usually converted to row-crop agriculture or pasture that impart fertilizers and other chemicals to the water. In addition, the riparian corridor is diminished or destroyed by clearing or by the trampling and grazing of livestock. As a consequence, the banks erode and then slump into the stream—imparting huge amounts of sediment to the water. This increases a stream’s load of suspended sediment (turbidity), which fouls the gills of many aquatic organisms and prevents sunlight from reaching aquatic plants.

Changes in a stream’s watershed can change the stream channel, even if the channel itself is not directly excavated. For instance, in much of the world entire watersheds have been clear-cut at least once. When there were no more tree roots to hold the soil and soak up rain, rapid runoff caused the stream channel to cut deeply into the land. Changes in the watershed, such as clear-cutting of forests, virgin grasslands being broken by plowing, stream channelization, installation of field tiles, paving of large areas, and large mining operations, can add up to quite a bit of devastation. The increase in flash flooding associated with watershed changes has caused many streams to erode or “incise” deeply into the ground until they hit bedrock. When the land flattens out downstream, the channels fill with muddy silt. Major landscape changes like this have had huge impacts on the biodiversity of our streams.

Erosion and channelization also have an impact on habitat. Natural streams usually meander through the landscape. The bank on the outside of stream bends erodes, and sediment is deposited on the inside of bends. Erosion and deposition cause the stream to move over time. In the process, diverse habitats are formed that include riffles, undercut banks, sand/rock bars, cliff lines, wetlands, oxbow lakes, logjams, and many other important habitats. When streams are channelized, most of these habitats are lost and the stream becomes a deep, homogeneous ditch. Many aquatic organisms have become imperiled or extinct because they can no longer live in the silt-clogged, low-oxygen, chemical-laced environments that many streams have become. As a result of stream alteration, we will probably never know exactly how many unique species of fishes, amphibians, mussels, crayfishes, and other stream invertebrates disappeared forever before we even knew they existed.
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Stream channelization creates low-quality aquatic and terrestrial habitat.

However, animals and plants are not the only ones being negatively affected. Most natural streams flood out of their banks occasionally. Channelized streams are usually too deep and wide to interact with their floodplain. This lack of overbank flooding onto the floodplain prevents many streams from depositing fertile soil on their floodplains. In addition, wetlands next to the stream are no longer provided with the water that once spilled over into them. The water that once slowly soaked back into the ground now runs quickly off the land and no longer recharges our aquifers. Drought becomes increasingly common, and water no longer undergoes the filtering action that once occurred in wetlands. Topsoil, fertilizers, pesticides, and other contaminants are carried downstream—directly contaminating the water and reducing the concentration of dissolved oxygen available to aquatic life. In addition, sediment that would have been deposited on the floodplain during flood events remains in the stream channel and builds up over time. Eventually, the channel may fill with sediment and debris, causing extensive flooding.

For much of human history, stream alteration has been looked upon as a form of landscape improvement, but humans have begun to realize the error of their ways. Today, efforts are under way to restore many of the streams and wetlands that we once altered or drained.

Identifying Stream Alteration

Identifying stream alteration and prioritizing areas for stream restoration projects have become major undertakings for many state water-quality agencies, fish and wildlife agencies, not-for-profit organizations, and private landowners. Being able to identify which areas have been heavily affected may also help you to find the most diverse and interesting creeks to visit in your area. Identifying stream alterations can give you a richer sense of the history of your local landscape and a better understanding of the forces that shaped it.

U.S. Geological Survey topographic maps can tell you a lot about the landscape. These maps show the location of streams and wetlands. They may identify ponds that have been built by damming small streams, show you very straight sections of stream that have likely been channelized, and help you calculate the size of a stream’s drainage basin. Aerial photographs can also help fill in the story of a stream’s history—especially if photographs from multiple years are available. In addition, many states host online Geographic Information Systems (GIS) that allow you to overlay layers of maps such as aerial photos, topographic contours, stream channels, roads, land use type, and various other information. U.S. Fish and Wildlife Service National Wetland Inventory (NWI) maps and insurance-related floodplain maps are also extremely useful in understanding the geography and history of streams.

A very straight stream channel shown on topographic maps or aerial photos often indicates channelization. On the ground, one can sometimes see large piles of dirt along the banks of a channelized stream. These are the piles of soil that were removed from the stream when it was being dug out and are referred to as berms, dikes, or levees. Berms are often covered with trees whose age and size can help you identify how long ago the stream was channelized.

The forested land next to a stream may also tell you something about the history of a stream’s watershed. For instance, the presence of many small pioneer trees, such as red maple, may indicate that the riparian zone is a second-growth, third-growth, fourth-growth, or so on forest. The presence of many large climax species, such as oaks, may indicate a relatively unaltered stream. A few large trees next to the stream with many smaller trees in adjacent flat land may indicate that the stream once had a narrow riparian corridor in the middle of a farm field. There are an endless number of clues to the history of a watershed, and putting together the history of a stream can be an interesting challenge for those interested in tracking a stream back through time. The effects of glaciers, climate, animals, and humans are all chronicled in the characteristics of a stream channel, and learning to identify them helps us to understand what a stream is like in a natural condition.
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Stream and Riparian Ecology

This chapter is meant only to scratch the surface of stream ecology, cover some of the more interesting and intuitive concepts, and help you to understand a little more about how everything you see around you functions together. This book is primarily a field guide, and there are a huge number of books and scientific publications that cover stream ecology in greater depth. It’s also important to note that there is still a lot we don’t know about streams and riparian environments. There are many small fish and amphibians whose life history is poorly understood, and some invertebrates that have not even been named. We know a lot about some aquatic insect larvae because they are easy to sample and watch while living in water, but the adults of the same species may be relatively unknown. In addition, we still know much more about the clear riffles of small, fast-flowing streams than we do about places that are harder or less appealing to sample, such as coastal black-water streams and large, deep rivers.

BIODIVERSITY

If you love biodiversity, there are few better places to be standing than ankle deep in a medium-sized stream. Why is that? For one thing, you are standing in two very different types of habitat: you are double-dipping from both an aquatic environment and a terrestrial environment. There are also many organisms that are specially adapted to exist in the transition zone between the two (the riparian zone).

Streams provide water for animals and plants, so many upland species may spend quite a bit of time at these watering holes. In many parts of the country, streamside corridors are the only remaining natural habitat left on the landscape. They can be important habitat remnants for species that can’t live in the adjacent fields and lawns. These riparian strips are also often the only connection left between larger patches of habitat, so they can function as important corridors that allow animals to move between larger forests, meadows, wetlands, and other habitat types.
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Even though the terrestrial environment has shut down for the winter, aquatic organisms are still active under the ice.

PATTERNS IN THE DISTRIBUTION OF STREAM LIFE

A big part of ecology is studying where plants and animals are located, why they live there, and why they are not found elsewhere. In a stream ecosystem you can look at the way organisms are distributed in many different ways and on many different scales. For instance, a cobble-sized piece of rock is actually a tiny ecosystem that is divided up into several distinct niches. Heptageniid mayfly larvae and caddisfly larvae may be clinging to the bottom of the rock, while pleurocerid snails graze biofilm from the top, and perlid stonefly larvae prey upon small mayflies living in a leaf pack snagged under the rock. At a slightly larger scale, you might notice a pattern in the distribution of fishes. For instance, rainbow darters will most likely be found on the bottoms of swift riffles, while many shiners cruise the open water of pools, and catfish spend most of their time hanging out under logs and undercut banks. On an even larger scale, it can be easy to see different types of animals using different sizes of streams. For instance, Louisiana waterthrushes are most likely to be found bobbing their tails next to small, forested streams, while egrets and great blue herons are more likely to be stalking the edges of larger creeks, rivers, and nearby wetlands.

One of the best-known attempts to explain the way that streams change along a longitudinal gradient (from small streams to larger streams) is the River Continuum Concept (RCC). We don’t have room for a full description here, but the RCC is a theory that basically explains how the physical characteristics of a stream in the eastern U.S. change as the stream gets larger, and how these changing physical characteristics create habitat for different types of organisms in streams of different sizes. For instance, small streams have more canopy coverage, cooler water, and more leaves falling into them, so these streams have many invertebrates that prefer cool water and its high oxygen content (cooler water is better able to hold oxygen than warm water) and many species that are “shredders,” eating large, coarse pieces of organic matter (see Functional Feeding Groups). In contrast, larger streams have less canopy cover, warmer water temperatures, and various types and sizes of organic matter, so they have fewer shredders but more “collectors.” The full RCC explains these types of relationships for many different taxa. Even without applying a defined theory, it is quite obvious that changes in flow pattern, temperature, water velocity, and substrate along a stream’s length create changes in the types of plants and animals that live in or near streams of different sizes.

There are also differences between the riparian zones of small streams and those of larger systems. The riparian zone around a small headwater stream is basically identical to the surrounding uplands. As you move downstream, the riparian landscape becomes increasingly affected by the stream. Flooding builds floodplains, creates wetlands, and provides an important disturbance that allows certain types of plants and animals to thrive. This pattern is perhaps most easily recognized by thinking about the species of trees that live next to streams of different size. Near a small, ephemeral channel the forest often consists mostly of dry land trees such as sugar maple or various upland oak species. In contrast, larger rivers often have an extensive bottomland forest consisting of moist soil trees such as American sycamore and eastern cottonwood.

Stream size is not the only factor affecting the distribution of different types of aquatic and terrestrial organisms. Climate, geology, and geological history are important forces in shaping the character of our entire landscape—including the distribution of plants and animals. The patterns that explain fish distributions can be a useful example of how these forces have shaped our stream fauna. The highest number of freshwater fish species in the U.S. is found in drainages in the southeastern highlands. These areas weren’t covered with ice during glaciation (as the prairies and northeastern U.S. were) and they weren’t covered by ocean (as the coastal plain was). Therefore, freshwater environments in this area have been around a long time. Consequently, there has been plenty of time for species to evolve or split into new species. Speciation can be caused by adaptation to fill available niches. It can also happen when a subgroup of a species becomes geographically isolated from the rest of the species and is subject to different evolutionary pressures. In many southeastern streams, there are fishes, salamanders, crayfishes, and many other invertebrates that are found only in a single drainage. Over a vast amount of time, the organisms in these drainages remained separate from others of their species long enough to travel down a different evolutionary path.

The distribution of many organisms is broken up into small islands. Some taxa, such as mammals, birds, and plants with airborne seeds, can disperse across areas of poor habitat to islands of good habitat. Strictly aquatic organisms can’t do this very well, so their distribution often tells the story of their species through geological history. The range maps of fishes are particularly good for this. Some fishes were probably distributed much more widely in the past, but events such as glaciation left scattered populations only in unglaciated areas or other refuges. Aquatic organisms can also be eliminated or isolated by waterfalls, mountain ranges, reservoirs, and other forms of habitat isolation.

FUNCTIONAL FEEDING GROUPS

Stream ecologists often separate aquatic invertebrates into four (or more) functional feeding groups, including shredders, grazers, collectors, and predators. These groups typically have specialized mouthparts and other adaptations that allow them to eat in a certain way. Shredders have fairly strong mandibles and are able to chew large, coarse pieces of organic matter. These animals feed on living plants, recently fallen material, and decomposing organic matter (detritus). Examples of shredders include certain stoneflies and caddisflies. Grazers (or scrapers) usually have specially adapted mouthparts that allow them to scrape off the layer of algae, diatoms, and bacteria that grows on hard underwater surfaces. This layer is called biofilm or aufwuchs (a German term). Examples of grazers include snails, water pennies, and certain mayflies. Collectors feed on small particles of organic matter that may be suspended in the water column or lying on the bottom. There are many types of collectors, with various methods of collecting their food. For instance, freshwater mussels siphon water into their bodies to filter out particles of algae and bacteria, while certain caddisflies build elaborate nets to catch particles. Other collectors, such as some mayflies and worms, actively search out particles and pick them up. Predators feed on other animals, but they can do so in a variety of ways. Some predators, such as certain stoneflies, hellgrammites, and dragonfly larvae, swallow their prey whole. Other predators pierce their prey with sharp mouthparts, fill them with digestive enzymes, and suck out the resulting juices. Many stream invertebrates can be put into these categories, and functional feeding groups help explain how a stream processes the organic matter that falls into it. However, it’s important to remember that there are numerous other ways in which animals can feed, and some animals may use more than one feeding strategy.
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Organic input, such as these leaves from the surrounding forest, provides nutrients for many organisms in small streams.

STREAM/RIPARIAN FOOD CHAIN

Stream and terrestrial environments have a remarkably complex and complementary relationship. In the fall and winter, streams typically receive huge amounts of energy from the terrestrial environment in the form of leaves and other organic detritus. The organic material is broken down and eaten by bacteria and various invertebrates, and many streams are quite biologically active right through the middle of winter. Conversely, in the summer, energy moves from the stream to the terrestrial environment in the form of emerging insects and aquatic organisms that are eaten by various birds, amphibians, reptiles, and mammals. So no matter what season you visit a riparian zone in, it’s likely that either the terrestrial or the aquatic environment (or both) will be fairly active.

The following is an example of the path that a single carbon atom might take through a stream/riparian ecosystem. It can be a useful exercise to learn more about how everything is connected. It’s also interesting to think about who the specific players might be in your local stream.

Our carbon atom resides in a red maple leaf. The leaf turns crimson, dries, and glides down into the pool of a tiny, intermittent stream. The leaf floats downstream into a perennial part of the stream, tumbles through a riffle, and becomes lodged in the roots of a large sycamore. Eventually, the leaf becomes waterlogged and stays below the water surface. Over time, bacteria infiltrate the leaf’s tissue, and it begins to decompose. A giant stonefly larvae shreds part of the leaf and swallows our atom. The next day, the stonefly is eaten by a brook trout, but our atom escapes digestion and is expelled in the fish’s feces.

Downstream, a black fly larva catches one of the fecal particles in its brushlike mouthparts. Our atom becomes part of the black fly, which eventually emerges to fly in the terrestrial environment. One day, the fly is hawked out of the air by a bank swallow with a nest full of youngsters. The atom becomes part of the young swallow’s breast muscle, but as it is learning to fly, the youngster falls to the water, where it is eaten by a largemouth bass. Our atom becomes part of the bass’s skin. One day a lucky fisherman catches our bass and fillets him next to the stream. He buries the remains at the base of a red maple, where invertebrates and bacteria break down the bass into nutrients that are useful to the tree. Our carbon atom travels up the trunk of the tree and becomes part of a leaf. The circle is complete, although the atom is now a mile downstream from where we first met it.

Stories like this one play out in an infinite number of ways, and the species that are involved in such a food web will depend on the type of stream being considered.
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Stream Types

Creek, crick, river, run, gut, coulee, wash, ditch, drain, rivulet, stream, branch, fork . . . The number of names for these water conveyances is a great indicator of the many types of streams that exist. We have developed a few categories of streams, which we will describe in this chapter. However, this is by no means the only attempt to classify or describe streams. Streams are often classified for various purposes according to their physical characteristics (warm-water, cold-water, low-gradient, high-gradient, and so on). In Europe, classifications have been used that relied on the dominant fish species found in certain stretches of river. These zones ranged from headwaters named the “trout zone” to lower reaches named the “bream zone”; similar classifications have been attempted in the U.S. Dave Rosgen, a prominent stream restoration innovator, has developed an elaborate coded system that describes the size and channel type of a stream. State agencies in charge of monitoring stream health also have various categories and descriptive terms that they use to define stream types for comparison and regulation.
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