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  To all bog trotters, fen gazers, ditch probers, pond watchers, river rats, and swamp things; the marsh–mellowed, hip–booted, and cold–toed lovers and preservers of our North American wetlands. Look closely, tread lightly.

  Nothing exists for itself alone, but only in relation to other forms of life.

  —Charles Darwin

  I enter a swamp as a sacred place.

  —Henry D. Thoreau
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  Introduction

  This book follows the pattern of its predecessor volume, The Book of Forest and Thicket. The focus, rather than duplicating that of typical field guides used for plant identification, is ecological. Both volumes view plants in their roles as habitat and community dwellers.

  Since plants provide the ultimate power base for all the food and energy chains and webs that hold our natural world together, they also form the hubs of community structure and thus the centers of our focus. Sometimes the effort to make biological knowledge systematic and comprehensible (that is, classifying organisms into neat, individual slots based on group similarities) results in an obscuring of the broader picture—the way things really are in the natural world. The natural world, to be seen truly, must be seen whole, even as a mosaic can only be perceived when its multiple fragments are joined. Each organism depends upon and provides support to others, which in some cases may be absolutely vital to its own existence.

  Thus the questions become these: Once you have identified a plant, what other organisms, plant and animal, might you expect to find on or near that plant? What patterns of the mosaic reveal themselves? Answering these questions, at least in part, is the purpose of this book.

  It is no longer news that American wetlands are endangered. In the past two hundred years, more than half of the wetlands in the contiguous forty-eight states have been lost—drained, paved, or filled—mainly to agriculture. Many of those that remained became wastewater sinks, hazardous repositories of toxic metals and polychlorinated biphenyls (PCBs), among other substances. Runoff from both urban and agricultural lands has resulted in overfertilized lakes and ponds, aging them prematurely with overgrowth of dense vegetation. Atmospheric pollution has given us acid rain, which has completely changed the chemical identities of many lakes in certain areas unfortunate enough to be found downwind of the sources.

  In economic terms, wetland loss and degeneration have been expensive. Not only have wildlife and fish habitats drastically declined as a consequence, but many wetland benefits that more directly impinge upon our health and well-being— flood control, safety of aquifers, tourism, and commerce—are also adversely affected.

  Even more vital than these factors are the implications for the big picture. Destroying wetlands means destroying habitats. Destroying habitats means destroying species. Destroying species means destroying the gene pools of biodiversity. Biodiversity means having potential genetic options in the bank— for the benefit of ourselves no less than for other organisms. Ultimately, of course, biodiversity represents the fount of survival on Earth.

  And the fount of biodiversity is wilderness. Today American forest wilderness exists, when at all, in patches, “museum cases” of public lands, which give only pallid ideas of the large biodiversity our ancestors blithely relinquished. Wetland wilderness, however, has fallen not quite so far. Considerable areas of it remain, despite studious efforts to “improve” all of it that lax laws will allow. Although many surviving wetlands have indeed suffered irreversible changes (including invasions of aggressive alien plants such as purple loosestrife and Eurasian water-milfoil), it is remarkable how many of them still remain relatively pristine. Most American wetlands have existed as such since the retreat of Pleistocene glaciers. Some of their plant populations may, in many cases, be directly descended from the original wetland species of their locales. The pleasure and adventure of experiencing a bog or marsh of native vegetation may bring us as close to encountering true American wilderness as most of us may ever come. For that reason alone, our surviving wetlands are worth preserving.

  Like its predecessor volume, this book emerges from a twofold effort of library and fieldwork (one hour of the latter requiring some three to six hours of the former). What has previously been learned about these plants and their ecology? And what is directly observable in the field? With practice, these simultaneous efforts become mutually reinforcing (I recommend the procedure to all outdoor observers). I have personally inspected all the plants mentioned in this book, as well as a large majority of the other organisms. The illustrations were drawn from field specimens I collected or photographed.

  The “Swamp and Bog” of the title is intended as a generic designation for all freshwater wetlands of northeastern and north-central North America and their marginal edges. The plants covered here include most of the common and typical residents of these habitats.

  Certain plants presented in the aforementioned Book of Forest and Thicket may also reside in lowland or wetland habitats. Accounts for a few of those species have been refocused for this book, but species accounts not included may be consulted in the previous volume. These nonexclusive wetland dwellers include the following:

  

  
    
      
        	
          Balsam Fir

          Birch, White

          Birch, Yellow

          Box Elder

          Buckthorn, Common

          Bunchberry

          Butternut

          Cleavers

          Clubmosses

          Dogwood, Gray

        
        	
          Elm, American

          Ginger, Wild

          Hackberry, Northern

          Hornbeam, American

          Leek, Wild

          Mayflower, Canada

          Poison Ivy

          Spicebush, Common

          Sycamore

        
      

    

  

  

  So what are wetlands? The U.S. Fish and Wildlife Service defines them as “lands where saturation with water is the dominant factor determining the nature of soil development and the types of plant and animal communities living in the soil and on its surface. Wetlands are lands transitional between terrestrial and aquatic systems where the water table is usually at or near the surface or the land is covered by shallow water.”

  Various wetland classifications exist. The most useful one for this book encompasses five major categories:

  Bog: An acidic wetland dominated by sphagnum mosses and shrub heaths, characterized by the accumulation of plant materials as peat, and with rain or snow as its only water source. Some authors use the term bog for any peatland, whether it consists of sphagnum or sedge peats; but in this book the term always refers to nutrient-poor acid environments.

  Fen: In contrast to bogs, a mineral-rich wetland (alkaline bog) usually dominated by sedges and calcium-loving herbs and shrubs, characterized by the accumulation of peat. Two fen extremes enclose many transitional forms: Rich fens constantly receive nutrients by means of surface and ground waters flowing into and through them. Poor fens are transitional to bogs. They are characterized by waters that are increasingly sealed off from surface and ground inflow, thus leading to acidic conditions. Fens often develop into swamps or bogs.

  Marsh: A mineral-rich wetland dominated by emergent grasslike herbs, such as grasses, cattails, rushes, and others. Marshes often develop into swamps.

  Swamp: In contrast to marshes, a wooded wetland that includes either or both conifers and hardwood shrubs or trees. Swamps often develop into swamp forests. Flooding or raised water tables, however, may kill woody vegetation, and the swamp may revert to a marsh.

  Shrub-carr: A wetland thicket dominated by shrubs such as alders, willows, buttonbush, and red-osier dogwood. Often shrub-carr borders bogs and fens as transitional zones between wetland vegetation and upland forest. Shrub-carr may also invade marshes, fens, and bogs as islands of woody thicket; and it may become the dominant form of vegetation in swamps.

  Some wetlands exist as such only seasonally and thus may host a particular complex of plants adapted to such alternations of wet and dry conditions (hydroperiods).

  A few more repeatedly encountered terms: Herb, shrub, and tree are general and ultimate size designations (though such shrubs as many bog heaths are very low in stature). The main distinction is that shrubs and trees are woody; herbs are not. An aquatic is an herb that grows wholly or partially submersed in the water. Emergent herbs are those that germinate in shallow water but show stems, leaves, or flowers rising above the surface. In most wetland herbs, sexual or seed reproduction is often a low second to vegetative reproduction (that is, by fragmentation or cloning from rhizomes) as a means of survival.

  Technical biological terms, though kept to a minimum, are usually defined at the places they occur in the text. A list of recurring terms appears in the Glossary. With rare exceptions, Latin names are given only for plant and invertebrate animal species, since common or popular names (when they exist) for these organisms often lead to confusion. The common names of many water plants are hyphenated, a style adopted by many botanists to indicate taxonomic nonrelationships; cotton-grasses and nut-grasses, for example, are not actually grasses but sedges.

  Wetlands, if you would know them, require a bit more effort to explore than forests and meadows. Not as accommodating to the land mammal that is man or woman, they often demand proper footgear, insect repellent, and suitable degrees of caution where footing is unstable. They force slow travel, deep breathing, and constant attentiveness to one’s steps and surroundings. If your life has become too fast and distracted, get thee to a bog or marsh. See how the water borderland exists. Watch how wetland things are done. Take this book along, and enjoy some of America’s last wilderness.

  Experiencing the richness and complexity of wetlands cannot fail to revive and nourish one’s own sense of wholeness to a degree beyond common expectation.


  
     
  

  Alder, Speckled (Alnus rugosa). Birch family. Shrub or small tree in wet thickets. Its egg-shaped leaves with prominent veins on the underside, drooping catkins, and white-speckled bark identify it. Similar, less-common species include European black alder (A. glutinosa), smooth alder (A. serrulata), and mountain alder (A. crispa).
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    Pocket galls created by tiny Eriophyes mites are common on alder and many other leaves. Note this leaf’s prominent veins and characteristic shape.

  

  

  Other names: Tag alder, hoary alder, hazel alder, black alder (the latter usually designating A. glutinosa, European black alder).

  Close relatives: American hornbeam (Carpinus caroliniana); hop hornbeam (Ostrya virginiana); birches (Betula).

  Lifestyle: Named for the speckled appearance of white, warty lenticels on its bark, speckled alder forms dense, cloning thickets along streams, in mineral-rich swamps, and on lakeshores. It is a characteristic species of rich fens.

  Each shoot of the clone contains both male and female catkins (female catkins usually directly above the male), which appear before the leaves in spring. Catkins are wind pollinated. The pollen matures slowly, accumulating in cuplike sections of the flower, from which it is blown. The conelike female catkin produces tiny winged nuts, then turns woody, often remaining on the plant into the following year. This is the only common eastern shrub that shows catkins of both sexes on the winter twigs. The seeds germinate quickly.

  Alder is intolerant of shade. There may be twenty or more of the typically arching, contorted stems in a clone. They are often curved at the base because snow weight flattens the young stems, which later bend upward toward the light.

  Besides cloning, alder also reproduces by layering—a horizontal stem or side branch buried in mud and debris may sprout new stems along its length. Fluctuating water levels often result in the growth of adventitious roots along the lower stems, a means by which alder and other wetland shrubs sprout roots along the length of flooded or buried stems (see illustration for Willows, Shrub).

  Like legumes, alders are soil enrichers, hosting nitrogen-fixing bacteria in root nodules. Up to five grams of nitrogen per square meter of topsoil may be added each year. The roots themselves, which may graft with those of other alder clones, form a mesh of shallow mats, anchoring the soil and preventing streambank erosion. Alder leaves are also rich in nitrogen.

  This plant needs at least some flowage of oxygenated water and will not grow in stagnant swamps or poorly drained wetlands.

  Associates: Alder belongs to the shrub-carr community of wetland thicket species. Shrub associates include willows, dogwoods, and buttonbush. Northern white cedar is a frequent associate in swamp thickets. You may also observe alders invading tussock sedge communities on pond edges.

  Spring, summer. Among wildflowers typical of rich fen habitats, the wild calla is a frequent alder associate. Sensitive fern is also common here, as is a sphagnum moss (Sphagnum teres).

  A black, lumpy, gelatinous fungus on dead alder branches becomes especially conspicuous after rains; in dry weather, it shrinks to a paintlike crust. This is warty jelly fungus, also called black alder jelly (Exidia glandulosa), a club fungus.

  Alder branches overhanging lakeshores or streambanks are often the first perches of winged subimago mayflies (Plectoptera) as they emerge in hordes from their aquatic nymphal forms. Here they molt again into their adult forms. The adult insect does not eat, lives only to mate on the wing, drops eggs into the water, then dies—all in the span of only a few hours. Look for the cast-off subimago “skins” that tell of a prolific mayfly hatch.

  Other emerging long-winged insects include alderflies (Sialis), so named from their frequent perching site. Look for their flat, brown egg masses on alder leaves hanging over the water. Other distinctive egg masses on leaves, from which hatched larvae drop into the water, include those of dobsonflies (Corydalus) and fishflies (Chauliodes).

  Leaf feeders—especially moth caterpillars—are numerous on alder. Several species of dagger moth (Acronicta) feed in groups on the leaves; you can recognize them by their resting “fishhook” posture. On alder branches you’ll sometimes find dead caterpillars of this genus killed by a fungous growth that entirely fills the body cavity.

  Arches (Polia, Lacanobia) are another group of noctuid moth caterpillars that feed on alder. The adult dark-spotted palthis moth (Palthis angulalis) is grayish brown and immediately recognizable by its large, tufted mouth parts; its larvae also feed on alder leaves. Caterpillars of arched and two-lined hooktip moths (Drepana arcuata, D. bilineata) lack rear legs; the adult moths are yellowish white. Hübner’s pero (Pero hubneraria) is an inchworm caterpillar, as is the renounced hydriomena (Hydriomena renunciata).

  On leaf undersides, look for the rounded blotch mines of Cameraria auronitens, a leaf-mining moth caterpillar.

  Pimplelike pocket galls on the leaves generally indicate Eriophyes mites at work.

  Several spittlebugs (Cercopidae) produce their spittlelike froth on alder. These are the sap-sucking nymphal forms of adult jumping insects called froghoppers. The alder spittlebug (Clastoptera obtusa) is probably the most common species.

  Alder flea beetles (Altica ambiens), oval-shaped and shiny blue, appear in cyclic irruptions, defoliating many alders. Densely clustered perforations in the leaves signal its presence.

  A rolled-up leaf may contain the gelechiid moth caterpillar Telphusa belangerella. The leaf-rolling weevil Attelabus rhois makes a thimble-shaped roll containing an egg or larva.

  Swollen, distorted buds with a whitish bloom indicate larval feeding of the alder bud gall midge (Dasyneura serrulatae). Oozing wounds (slime fluxes) in alder stems are good places to look for Nosodendron unicolor, the wounded-tree beetle, oval shaped and black.

  Mating swarms of midges and other flies often occur above swarm markers— the top point of an alder shrub, beneath a branch tip, or some other distinctive spot in the localized environment. Swarm sites often remain constant, and times of day for swarming also tend to be consistent for a given midge species. Watch too at dusk for dancing swarms of male silverspotted ghost moths (Sthenopis argenteomaculatus); female moths enter the swarms to mate. These moths have a two-year life cycle. The larvae are borers in submerged alder roots.

  Many insect feeders on willow foliage may also be found on alder (see Willows, Shrub).

  White-tailed deer and moose browse foliage and twigs; for deer, however, alder is “stuffing” or “starvation” food, not preferred browse. Beavers crop the stems, consume the bark, and use the wood for lodge and dam material; such cropping instigates more alder clonal sprouting. Ruffed and sharp-tailed grouse feed on alder catkins. Muddy alder thickets are also frequent feeding places for American woodcock, which stabs for earthworms with its long bill. Round holes in the soil indicate its presence.

  Common birds nesting in alder thickets include yellow-bellied and alder flycatchers, yellow warblers, common yellowthroats, Wilson’s warblers, red-winged blackbirds, swamp and white-throated sparrows, and American goldfinches. The high density of alder clones along shorelines or in swamp thickets provides excellent cover for both land and aquatic wildlife.

  Late summer, fall. On alder cones, look for green or reddish tonguelike extrusions resembling sprouts, sometimes causing distorted enlargement of the cones. This abnormality is caused by Taphrina, a parasitic sac fungus.

  Three insects commonly associate on alder in late summer and fall as well as earlier. These are the alder blight aphid (Prociphilus tessellatus), which feeds on red maple leaves earlier in summer; the harvester or wanderer butterfly (Feniseca tarquinius); and various ant species. Both the butterfly caterpillar and the ants rely on the aphid, a white-woolly insect, for food. Other aphid genera may include Schizoneura and Pemphigus. Feniseca, one of the few butterfly larvae that are carnivorous, is a small orange and brown caterpillar that feeds on the aphids; you’ll often find it buried beneath a mass of them. Its mollusklike, spiralshaped pupa, resembling a monkey’s face, may also be found on the leaves. The adult butterfly feeds on aphid honeydew and lays its eggs on the aphid masses. The ants, which also feed on the aphid honeydew, aggressively guard the aphids and sometimes attack and kill the caterpillar.

  The wandering brocade moth (Oligia illocata), a noctuid, also feeds on the leaves at this time.

  I have often noted large numbers of stink bug nymphs (Pentatomidae) on alder cones. At least some of them overwinter in this subadult stage.

  Alder stems are frequent rubbing posts for white-tailed bucks; scarred and shredded stems indicate where deer have rubbed the velvet from their new antlers. Although alder is not a preferred food of beavers, these animals often cut the shrubs for their winter food stores when aspen trees are in short supply.

  Among the most frequent songbird seed feeders in alder thickets are blackcapped chickadees, hoary and common redpolls, pine siskins, and American goldfinches.

  Winter. Alder “seems to dread the winter less than other plants,” wrote Thoreau. “With those dangling clusters of red catkins which it switches in the face of winter, it brags for all vegetation.”

  A common greenish-yellow foliose lichen on alder branches is easily seen now. This is Cetraria pinastri, which also appears on other wetland shrubs.

  Stem galls—usually irregular, oval swellings—show up best after alder has dropped its foliage. These are usually produced by the alder stem borer (Saperda obliqua), a long-horned beetle, and Eupristocerus cogitans, a buprestid beetle.

  Bunches of withered, silken-tied leaves remaining on alder branches in winter are often the work of pyralid moth caterpillars called leaf crumplers (Acrobasis rubrifasciella). Look for cone-shaped silken tubes of the pupae inside the leaf mass.

  In addition to the aforementioned seed feeders in alder thickets—plus budfeeding grouse and bark-gnawing cottontail rabbits and snowshoe hares— vacated nests of spring and summer birds are most easily seen now.

  Lore: Alders are good for controlling erosion and flood and for stabilizing streambanks. Alder plantings for erosion control remain relatively infrequent, however, at least in the United States; in England, hedges of European black alder are often established to “fence in” a stream’s natural tendency to meander. Alders also provide protective cover for wetland wildlife, a function that probably outweighs their value as a food resource.

  Like many tree and shrub barks, speckled alder bark found medicinal usage among Native Americans. Astringent bark teas were given in various strengths and quantities for diarrhea and toothache, and as an emetic and purgative. Bark solutions were also used externally to treat rashes, swellings, the eyes, and hemorrhoids.

  Plant-insect associations extended to the medicine bag: The Chippewa mixed alder root scrapings with ground-up bumblebees (Bombus) for treating difficult childbirth—two tablespoons taken internally were said to be sufficient. They also used the inner bark of alder as an ingredient for black and red dyes.

  

  
     
  

  Algae, Blue-green. Division Cyanophyta. Simple submersed, floating, and terrestrial plants. Large mats of blue-green algae species become especially prevalent during late summer and fall in eutrophic (oxygen-poor) lakes and ponds. Blue-green color, though frequent, is not a reliable identification guide; greenish-yellow, brown, and reddish blooms may characterize different species in various light and chemical conditions. Some of the most common genera include Oscillatoria, Nostoc, Anabaena, and Rivularia.

  Other names: Water bloom, blanket algae, pond scum, frogspit.

  Close relatives: None. Blue-green algae constitute a plant division by themselves, but they structurally resemble many of the bacteria.

  Lifestyle: The blue pigment phycocyanin in combination with green chlorophyll gives this group of algae—about 1,400 species worldwide—its name. Where it grows the water often appears red or purplish.

  Blue-green algae are simple, one-celled plants. They are the most primitive plants on earth because these cells have no well-defined nuclei (their nuclear material is scattered throughout the cell) and no sexual reproduction. Cells are often coated with a slippery, gelatinous sheath. Most species of the eight bluegreen algae families found in North America grow in long, filamentous chains or strings of cells, though some display round colony shapes. As is the case with most algae, species identification requires you to see the distinctive cell or colony characteristics—something accomplished only with the aid of a microscope.

  Asexual reproduction occurs by simple cell division (fission), fragmentation, or in some cases, by bacterialike spores. A massive increase in growth (water bloom) indicates a period of accelerated fragmentation. These plants, along with green and yellow-green algae, constitute most of the phytoplankton, the myriad, free-floating microscopic plants that inhabit most bodies of water.

  Surface mats of blue-green algae often have a fishy or “pigpen” odor caused, at least in part, by rapid decomposition; exposed to surface sunlight, the mat may die quickly. Optimal light conditions for most species occur in the subsurface. Daytime photosynthesis produces gas bubbles, which cause portions of the mass to become buoyant, rise, and form the surface mats or rafts. New strands of algae may descend from the underside of such rafts and form new colonies on the pond bottom. The raft itself may sink at night; Oscillatoria and Lyngbya colonies frequently display this vertical movement.

  Like the bacteria in root nodules of alders and legumes, some sixty species of blue-green algae fix atmospheric nitrogen, thus making it available to the ecosystem in usable form. Nitrogen-fixing algae require the element boron, concentrating it in quantities many times higher than environmental levels. Many blue-green algae also precipitate calcium carbonate in the form of marl, a chemical by-product of the plant’s extraction of carbon dioxide from calcium bicarbonate during photosynthesis.

  Abundant blue-green algae generally indicate oxygen-poor or polluted waters containing high nitrate and phosphate levels. These algae also help maintain such oxygen-poor conditions: Algal mats may shut out light for subsurface plants, thus preventing or slowing those plants’ photosynthesis and oxygen production. Their decomposition plus ongoing decomposition of the algal mat also deplete oxygen from the water.

  Associates: Though water-blooming mats of Anabaena and other pond genera are often the most conspicuous examples, blue-green algae range throughout damp and wetland habitats in both colonial and solitary forms. They occur in soil, greenhouses, and flower pots, and on moist rocks and other pond vegetation. Around hot springs, some species precipitate calcium and magnesium salts to form the chalky rock called travertine. Oscillatoria species and others inhabit mammal digestive tracts, while Gleocapsa and Nostoc provide algal partners in such crustose lichen species as dog lichen (Peltigera canina), Leptogium, and Collema.

  In ponds, blue-green algae are usually found in association with green and yellow-green algae species and with such free-floating plants as duckweeds.

  Summer, fall. Reddish-green mats of water fern also float on pond surfaces, and colonies of Anabaena often reside in cavities of their scalelike leaf lobes. This is an example of commensalism, a coaction in which the guest organism derives benefit (shelter) while doing the host no harm. Another example is the presence of Nostoc in liverworts.

  Look for gelatinous brown clumps of Rivularia coating subsurface pond vegetation such as stoneworts, water-milfoils, and pondweeds, and also on dead, water-soaked cattail leaves. The nitrogen-fixing Nostoc, Gleotrichia, and Anabaena often attach to Lemna and Spirodela duckweeds.

  Algal mats provide food and shelter for a host of minute creatures including protozoans, worms, mollusks, crustaceans, and aquatic insect larvae (see Algae, Green). Tadpoles, minnows, and turtles also consume filamentous algae. But abundant blue-green algae may also inhibit the growth of other organisms by shading out sunlight and depleting oxygen or by the effects of certain toxins they produce (allelopathy), resulting in “summer kills.” Some blue-green algae (such as Anacystis) are known to poison animals that may drink water containing these colonies.

  The carp—a bottom-feeding fish with low oxygen requirements— often associates with blue-green algal blooms.

  Lore: These primitive plants exist very near the indefinite border separating plants from animals at their simplest levels. Not so large an evolutionary gap, one may argue, divides them from simple one-celled animals as from the more complex green algae they superficially resemble. Many scientists believe we owe the earliest accumulation of oxygen in Earth’s atmosphere to blue-green algae. The oldest fossils on Earth are Precambrian stromatolites—layered, concentric mounds of limestone deposits from reef-forming Cryptozoön blue-green algae (see them on display at Petrified Gardens in Saratoga Springs, New York).

  Today we most often see the effects of blue-green (as well as certain green) algae in their precipitates—the limy marl sediments that form the mud bottoms of many lakes. Marl is a commercially valuable fertilizer and is mined from lakes and former lake deposits for this purpose.

  Blue-green algae are also useful as water-quality indicators. Lakes or ponds receiving septic tank seepage or runoff from fertilized fields and lawns show a vastly speeded-up process of eutrophication. These sources of phosphate and nitrogen overfertilize the water, producing dense water blooms that smell unpleasant and tend to choke out the basin with weedy as well as algal growth. Sewage pollution often fosters the growth of Anabaena and Lyngbya; combined with the presence of green algae Chlorella, Euglena, and Spirogyra, these plants tell environmental inspectors where problems exist. Anabaena, Rivularia, and Microcystis sometimes give reservoir water a bad taste and odor and may also clog sand filters, so blue-green algae bring mixed blessings to water technology.

  Beyond these aspects, the realm of the blue-greens holds much interest. A marine species, Trichodesmium erythraeum, gives the reddish color to water in the Red Sea. And dried, preserved specimens of Nostoc have survived more than eighty years, becoming green again when placed in water.

  

  
     
  

  Algae, Green. Division Chlorophyta. Simple submersed, floating, and terrestrial plants, mostly grass-green in color. They appear most conspicuously as surface or subsurface water blooms in summer, and also in spring as bright green clumps or streamers in pools and brooks. Common genera include Chlorella, Spiro gyra, Cladophora, Euglena (sometimes classified as a protozoan), and desmids.

  

  
    [image: ]

    Muskrat trails wind through the algae mat, a familiar sight in ponds where surface algal growth is dense. Such mats provide food and shelter for many small organisms, but their density may also shade out and chemically inhibit the growth of subsurface plankton.
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    Freshwater sponges (Spongilla) resemble coatings of bright green felt on submersed sticks and vegetation, but green is not the sponge’s own color. Cells of the green alga Chlorella live in and on the tissue, making these sponges conspicuous in their submersed habitats.

  

  

  Other names: Pond silk, grass-green algae. See Algae, Blue-green.

  Close relatives: See Stoneworts.

  Lifestyle: In a typical pond, a seasonal progression of various algae species occurs, each with its own period of maximum growth and reproduction. These include winter, spring, summer, and autumn annuals plus perennials and ephemerals. The successional patterns are closely related to changing water temperatures. By far most of these plants are green algae, which outnumber all other algal groups combined—some 5,500 green algae species worldwide.

  Green algae are more complex in structure than the blue-greens. Their green chlorophyll is localized into chloroplasts, as in the leaves of higher plants, and their cells have definite nuclei. Plants may be one-celled, colonial, or multicelled, depending upon species. Green algae species appear in many cell and colony shapes: spheres, filaments, spirals, rectangles, swimming blobs, even netlike sheets. Some cells or colonies and algal gametes swim by means of whiplike flagella, resembling protozoa in their motility. Much reproductive variation occurs. Some species reproduce by the same asexual means as the blue-greens; others unite sexually by means of conjugation and gametes (sex cells), producing zygotes from which new plants develop. All of these features require a microscope to see. Likewise, most species can be precisely identified only under high magnification.

  Sitting beside a pond or pool, however, your view of green algae will probably be restricted to one or both of the following: (1) a green, cottony fuzz (pond silk) suspended in “clouds” just beneath the water surface; or (2) a cottony mat on the surface, which rapidly turns brown and unpleasant looking. Both may be termed water blooms, but the latter manifests the plants’ rapid reproduction, death, and decomposition. Those plopping sounds are gas bubbles being released as the mat decomposes in hot sunlight (see Algae, Blue-green). As with blue-greens, green algal growth is generally most abundant in nutrient-rich waters high in nitrogen and phosphates—often the result of human abuse of wetland environments. Cladophora and Spirogyra are two common mat-formers.

  Green and yellow-green or golden algae (diatoms) together make up most of the phytoplankton, the base of the food chain for freshwater and marine organisms. The zooplankton (microscopic animals) and larger creatures that feed on the phytoplankton begin the energy transfer up the chain. Evidence exists, however, that dense phytoplankton populations can also slow or prevent the growth of zooplankton. Abundance of the green alga Chlorella, for example, can inhibit populations of the water flea Daphnia, a minute crustacean that feeds on algae; the inhibitory substance produced by the alga is apparently the antibiotic chlorellin. Such toxic effects of algae on plankton exemplify allelopathy, a common, if not well understood, chemical interference that reduces competition among many higher plants as well.

  Associates: Most foliose and fruticose lichens contain solitary cells of green algae as a component of the alga-fungus symbiosis characteristic of these plants.

  Spring, summer. Although various green algae species can be found in water year-round, their most conspicuous growth appears during the warmer seasons. Several species often occur together, intermixed or scattered, also with bluegreen and yellow-green algae. Desmids and Zygnema, for example, may interlace in mats of Spirogyra or Chlorella. Water from pools in sphagnum bogs frequently appears green with cells of the desmid Closterium (see Mosses, Sphagnum). Green algae also color other organisms such as protozoa, freshwater sponges and jellyfishes, and lichens. Most such symbiotic green algae are species of Chlorella.

  As biotic communities, algal mats feed and shelter diverse zooplankton and larger animals as well. Various species of rotifers, those strange microscopic wheel animalcules, often eat out the cells of filamentous algae. They are often abundant in Spirogyra mats, as is the turbellarian flatworm Stenostomum. Bristleworms (Oligochaeta), related to earthworms, are tiny, transparent-bodied feeders on decayed organic matter. They are largely responsible, it is said, for the quick cleanup of dying algal mats; Nais is a common genus. Among crustaceans, copepods (Copepoda) such as the water flea Cyclops, the clamlike ostracods or seed shrimps (Ostracoda), and scuds or amphipods (Amphipoda) are also common scavengers. Hyalella and Gammarus are two common amphipods that feed on dead algal filaments in early spring.

  Insect larvae in the algal mat may include mayflies, crawling water beetles (Haliplus, Peltodytes), and especially midges such as Chironomus (a staple fish food), which feed entirely upon algae and decayed vegetation. The green alga Mougeotia is particularly favored by insect larvae.

  Adult insects also feed in the mat: water boatmen (Corixidae), omnivorous diving bugs, “tap” into algal filaments, sucking the cells empty; and tiny predaceous diving beetles (Bidessus flavicollis) are common. Both larvae and adults of Berosus, a water scavenger beetle, feed on green algae, but only the adults of Hydrophilus and Tropisternus, two other water scavenger genera, are algae feeders, having “graduated” from meat-eating larval forms.

  Algal mats also receive countless eggs. Watch for violet-colored damselflies, called violet tails or violet dancers (Argia violacea); the darker female, flying in tandem attachment with the colorful male, dips her abdo men into the mat and deposits her eggs.

  Among mollusks, the tiny wheel snail Trivolvis parvus is common in algal mats, as is the quarter-inch shell of pill clams (Pisidium). The fingernail-sized zebra mussel (Dreissena polymorpha) is a recent accidental European introduction to the Great Lakes. A colonial phytoplankton feeder, it clogs water intake pipes and encrusts piers and boat hulls. Where numerous, it also produces abnormally clear water conditions, a result of its voracious planktonic feeding. Although their appetite for algae can sweeten the taste of drinking water, zebra mussels may consume algae to the point where little is left to support other animal life. (As with most irruptive introductions, natural predators will probably, in time, bring this pest species into better balance.)

  Many small fishes (such as the northern fathead minnow) and most frog and toad tadpoles are also algae consumers. Turtles, especially painted turtles, also eat algae, but algae and turtles associate in another way, too. In summer, you may sometimes see a “mossback” turtle—that is, a painted, musk, or snapping turtle showing green algal growth on its carapace (upper shell). This alga is Basicladia; only two species exist, and both grow only on turtle shells. Whether the relationship is mutualistic (providing a surface for the alga and camouflage for the turtle) remains unknown. Painted turtles shed their scutes (carapace plates) in the fall, and with them, the algal growth.

  Many waterfowl consume filamentous algae, though, as one wildlife food expert remarked, “one suspects that the animal life resident in the algal mass is as much a food inducement as the alga itself.” Among the most prevalent feeders are mute swans, brant, American black ducks, common pintails, American wigeons, blue-winged teal, buffleheads, and American coots.

  Spirogyra and Vaucheria are sometimes eaten by white-tailed deer.

  Lore: Most paleobotanists believe that single-celled green algae were the probable ancestors of green plants as we know them in all their multicelled complexity and variety. These were probably also the first sexually reproducing organisms, introducers of sex to the world. (Dwell on this when next you visit “pond scum.”)

  As with blue-green algae, too much of a good thing can occur when eutrophic conditions overnourish a body of water and redolent water blooms appear. Thus the green algae Spirogyra and Cladophora glomerata have become major nuisances around Great Lakes cities, indicating high phosphate levels. (When found in combination with Rhizoclonium and Merismopedia algae, however, Cladophora can also be an indicator of clean, unpolluted water.)

  Green algae has also found a niche in space-age technology, with researchers trying to devise ways to “farm” it in quantity for processed human and domestic animal food. Some scientists believe its food potential is enormous. Growing it aboard spaceships to provide oxygen and food for star trekkers is one of the more visionary aims. Chlorella algae are the main subjects of such efforts.

  

  
     
  

  Arrow-arum. (Peltandra virginica). Arum family. Herb in swamps, fens, shallow water, along pond margins. Its large, arrow-shaped leaves; its erect, pointed sheath (spathe) enfolding the green, tapering flower spike (spadix); and its cluster of greenish-brown berries in the fall identify arrow-arum.
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    Arrow-arum seedpods bend toward the mud as they mature. The upright pod on the right shows the crowded black berries, which are relished by some water birds.

  

  

  Other names: Green arrow-arum, tuckahoe, poison-arum, Virginia wake-robin.

  Close relatives: Skunk-cabbage (Symplocarpus foetidus); wild calla (Calla palustris); Jack-in-the-pulpit (Arisaema triphyllum).

  Lifestyle: Arrow-arum leaves are easily confused in size and shape with those of broad-leaved arrowhead. Note, however, that arrow-arum leaves are feather-veined, while arrowhead leaves have parallel veins.

  Both male and female flowers occur on the largely enclosed spadix, which may be seen through a vertical gap in the spathe. Male flowers occupy most of the spadix; the female flowers occupy the lower fourth or fifth of it. They are insect pollinated.

  The fleshy base of the spathe swells as the berry cluster grows inside it, and the seed stalk bends toward the ground. Usually the top part of the pointed spathe dries and falls off, leaving a roundish green pod full of seeds enmeshed in a jellylike mass. Sometimes, however, the now-inverted spathe point remains and serves as a kind of drill or auger into the soft mud, thus “planting” the seed packet. Released seeds also float, dispersing the plant. Cloning from the thick, fibrous roots, however, probably accounts for most plant colonies.

  Like arrowheads, this plant is often a shore line emergent, growing in several inches of water. It also thrives on muddy banks.

  Associates: Spring, summer. Shallow emergent vegetation including arrowheads, wild calla, bur-reeds, and pickerel-weed are frequent arrow-arum associates.

  A common insect feeder on the leaves in early spring is the smut beetle (Phalacrus politus), oval and shiny black.

  The major pollinators are probably flies.

  Like most arums, this plant’s chemical defenses make insect feeders relatively uncommon (see Jack-in-the-pulpit).

  Late summer, fall. Arrow-arum berries are especially relished by wood ducks. Other consumers include mallards and king rails. Muskrats also occasionally eat the berries.

  Lore: Raphides, acrid, needlelike calcium oxalate crystals, are found in all parts of most arums. They are intensely burning and irritating if eaten and will actually create numerous tiny wounds in mouth membranes. Only thorough drying renders the rhizomes harmless and edible. American natives collected them for making a flour.

  

  
     
  

  Arrowhead, Broad-leaved (Sagittaria latifolia). Water-plantain family. Emergent aquatic herb on pond edges, in marshes and shallow water. This is the commonest of ten or more species in eastern North America. Its broad, arrowshaped leaves and white flowers, usually in whorls of three, are distinctive. It can grow four feet tall but usually stands less than a foot.
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    Three-ranked seedpods of arrowheads are distinctive in late summer and fall. This stem’s top portion, which held the male flowers, has fallen off.

  

  

  Other names: Duck potato, swamp potato, tule, wapato.

  Close relative: Water-plantain (Alisma plantago-aquatica).

  Lifestyle: Arrowhead is a true amphibian among plants, thriving equally well submerged in water or stranded on a mud bank. The leaves adapt their shapes to either mode: Submersed plants develop narrow, ribbonlike leaves; broader, arrowshaped leaves characterize emergent plants. Most typically, a plant stands with its “feet” in water. But where water levels fluctuate, arrowheads may show both kinds of leaves plus broad, leafless stems called phyllodia.

  Flowers and leaves occupy separate stems. Usually the three-petaled flowers, each lasting about a day, are unisexual on the same plant. Bisexual flowers or unisexual ones on separate plants, however, are not uncommon. Female flowers are lowest on the stem, while the more conspicuous male flowers circle the upper stem at intervals. Flowers are insect pollinated, developing into stemmed, balllike fruits, again in the radiating pattern of three.

  This perennial plant also produces cloning stems from potatolike tubers that form at the ends of long runners extending from the rhizome.

  Associates: Arrowhead occupies the emergent vegetation zone of the shoreline. Typical associates of this zone include arrow-arum, cattails, reeds, rushes, pickerel-weeds, bur-reeds, and wild-rice.

  Spring, summer. Leaf mines or wilted stems may indicate larval feeding of the cattail borer moth (see Cattails). Other noctuid caterpillar feeders include the golden looper moth (Argyrogramma verruca) and other loopers (Plusia).

  Weevil genera commonly associated with arrowhead and other aquatic plants are Anchodemus, Listronotus, and Hyperodes, all called underwater weevils. They feed as both larvae and adults on the basal parts of the plant, including the rhizome. More conspicuously, Listronotus also feeds on upper parts of the plant. Small circular holes in the leaves probably indicate L. echinodori, which also feeds in the flowers and deposits egg masses resembling mud spatters on leaf and flower stalks. L. appendiculatus often damages young flowers and seed heads by its feeding. L. caudatus is another common species.

  On emergent leaves, common insects include leafhoppers (Draeculacephala), ladybird beetles (Coleomegilla maculata), and long-horned leaf beetles (Donacia; see Bur-reeds). Submersed leaves and stems host larval tube-making caddisflies (Neureclipsis, Polycentropus), northern caddisflies (Pycnopsyche), and long-horned caddisflies (Leptocerus americanus, Leptocella, and Triaenodes).

  Insect pollinators include bees and flies but also dragonflies and damselflies. Although the latter two insects are strictly carnivores, they often alight on the flowers, where their movements result in much cross-pollination. Water snails, which sometimes feed on the flower petals, may also carry and deposit pollen.

  Arrowhead tubers (duck potatoes) have long been lauded as a prime waterfowl food. They are, but unless they occur in very soft mud, their large size and deep burial often make them too difficult for most ducks to retrieve. Waterfowl consumers include tundra (and probably mute) swans, American black ducks, mallards, common pintails, American wigeons, wood ducks, northern shovelers, blue-winged and green-winged teals, canvasbacks, redheads, ring-necked ducks, scaups, and ruddy ducks.

  Beavers and muskrats consume the tubers and other parts of the plant, often storing them in caches; the Ojibwa would obtain their winter’s supply of the tubers by raiding these animal caches. Porcupines also venture into wetlands to relish arrowhead leaves and stems.

  Fall. Arrowhead seeds are consumed by ducks and herons plus king, sora, and Virginia rails at this season.

  Look for thick clusters of tiny leaping insects on emergent leaf undersides in the fall. These may be nymphs of a fulgorid planthopper (Delphacidae), which feed on the plant sap. Though not exclusive to arrowhead, they seem to favor broad-leaved aquatic plants.

  Lore: Wherever arrowheads grow, superbly efficient water-to-air movement is occurring. Each plant lifts a veritable fountain of water vapor, in quantities greater than most other green plants of its size. Because of this extensive transpiration through their leaves, arrowhead plants are often eliminated from reservoir areas. Large beds of arrowhead can draw down water levels to some significant extent. This plant gets most of the credit for drying up seasonal and temporary pools or water holes in summer.

  The starchy tubers make nourishing food for humans as well as wildlife. Native American women collected them in the fall by feeling them out in the mud with their toes, then detaching them with sticks; when loosened from their runners, the tubers float (a hoe or rake does the job better). The tubers can be cooked like potatoes. Indians also made a tuber tea to relieve indigestion, and they applied poultices of tubers and leaves to treat wounds and sores.

  Skin contact with some arrowheads may cause a rash in allergic individuals.

  

  
     
  

  Ash, Black (Fraxinus nigra). Olive family. Tree in deciduous and conifer swamps, floodplains. Opposite feather-compound leaves, broad shield-shaped leaf scars, and winged “canoe-paddle” fruits called samaras mark the ashes. Black ash differs from other ashes in its unstalked leaflets (seven to eleven per compound leaf), bluish-black buds, blunt-ended samaras, and wetland habitat.
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    Distinctive features of black ash are its almost rectangular winged sama ras and its unstalked leaflets. Wetland plants with similar compound leaves include common elderberry and poi son sumac.

  

  

  Other names: Hoop ash, basket ash, swamp ash, water ash, brown ash, pumpkin ash.

  Close relatives: White ash (F. americana); forsythias (Forsythia); privets (Ligustrum); lilacs (Syringa).

  Lifestyle: Most ash species bear unisexual flowers on separate trees, but black ash has both unisexual and bisexual flowers. The wind-pollinated flowers open on twigs of the previous year before the leaves appear in early spring. The winged samaras, which mature in summer, sometimes hang on the tree through winter; often the gauzy wing is slightly twisted, giving it an aerodynamic spin when it falls. Seeds, dispersed by air and water, usually lie dormant for two years before they germinate, though they may remain viable for eight or more years.

  The leaves appear relatively late in spring and drop early in the fall, adding a mineral-rich blend of calcium, magnesium, nitrogen, and potassium to the soil. To Thoreau, they had “an elderlike odor.”

  Black ash grows slowly, is quite shortlived, and is only moderately shade tolerant. Cutting or fire encourages vigorous sprouting. It is often a leaning, crooked tree, with shallow, fibrous roots. The soft, scaly bark (usually lighter in color than white ash bark) flakes off easily when rubbed.

  Associates: Look for black ash in swampy or lowland sites in company with northern white cedar (which it may replace after fires), speckled alder, red-osier dogwood, red maple, black spruce, and tamarack.

  Spring, summer. Although various insect defoliators may attack this tree, its usual growth in mixed rather than pure stands provides protection from serious outbreaks of insect pests. Probably its most consistent feeder is the oystershell scale insect (Lepidosaphes ulmi), which infests many other plants as well. These shell-shaped insects coat entire twigs and branches in brownish masses; they are sap feeders.

  Spring cankerworms (Paleocrita vernata) feed on the leaves; a small caterpillar dangling from a bough on a silken thread is probably this inchworm.

  All ash species are subject to attacks of the lilac or ash borer moth (Podosesia syringae); look for scars on the trunk where its caterpillars have burrowed. The adult moths mimic the paper wasp (Polistes) in appearance.

  White-tailed deer sometimes extensively browse the foliage, especially of young trees. Beavers readily cut the tree for bark food.

  Late summer, fall. The honey mushroom (Armillaria mellea), a tan-capped saprophyte on dead wood, sometimes appears in clusters around the bases of black ash, as well as many other trees.

  Winter. Evening grosbeaks relish the seeds of black ash, and cottontail rabbits gnaw the bark.

  Lore: Along with northern white cedar, white birch, and sugar maple, black ash was one of the foremost resource trees for eastern North American natives. Its primary usefulness lay in the property of its wood to split, when pounded, along the annual growth rings, forming thin sheets. These were cut into strips and woven for basketry and other containers. Gladys Sands, a Michigan Potawatomi who was still weaving baskets from black ash in 1968, specified precise materials: a trunk section of unvarying diameter six feet long, producing seven or eight thin sheets. These are cut, smoothed, seasoned, and dyed. Today, most weaving of Indian basketry is done decoratively for tourists’ money, not for workaday utility. The Chippewas also used large sheets of black ash bark to cover their dwellings.

  Later, black ash wood strips were used for barrel hoops and caning for chairs. “No wood [is] equal to our black ash for oars, so pliant and elastic and strong,” reported Thoreau. Large burls that sometimes develop on trunks are still used for making veneers and rustic furniture. Though usually sold commercially with white ash as simply “ash,” some lumberyards label this softer, weaker wood brown or pumpkin ash. It burns well as a firewood.
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