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SECTION I

Background




1 An Ecosystem Overview What Is (or Are) the Everglades?

Between the Gulf of Mexico and the Atlantic Ocean, the peninsula of Florida juts like a pointer from the North American continent to the edge of the Caribbean tropics (Figure 1.1). Lying in the peninsula’s lower half is the nearly circular Lake Okeechobee. At 700 square miles, it is by far the largest lake of the southeastern United States. Below the lake, and intimately related by origin, is a huge wetland, originally 100 miles long and 40 miles wide—the Everglades. Legendary author and environmentalist Marjory Stoneman Douglas described the Everglades as the “River of Grass,” and before her, the Miccosukee Indians called it Pa-hay-okee, meaning “grassy water.” Why have people given special names to, written whole books about, and risked political careers on the Everglades?*

The Everglades is unique in two ways: as the vast expanse of freshwater marsh below Lake Okeechobee, and as a word having an obscure and apparently accidental origin. Marjory Stoneman Douglas traced the word’s origin in her famous book, The Everglades: River of Grass, published in 1947 (its 60th anniversary edition still in print).195 She identified the first published appearance of “Everglades” on an 1823 map.† But “Ever” may have come from “river,” as first seen on an English map from the 1770s, which showed the area as “River Glades.” The English word “glades,” which denotes openings in a forest where grasses cover the ground, would seem appropriate for early explorers gazing over the vast Everglades marshes sprinkled with “islands” of trees.

After our introduction at the Kampong‡ in Coconut Grove in 1974, I appreciated Marjory’s intolerance of inadequately researched work, so I had to consider carefully my use of the term Everglades. Marjory’s book begins, “There are no other Everglades in the world.” She treated the word as plural, so I had to choose between singular and plural, as it is found both ways in Everglades literature. My decision is to treat Everglades as singular because it is the name of one physiographic region, and there is no subdivision of the Everglades that could be called an “Everglade.” However, I can agree with Marjory that the Everglades is unique! (Actually, we discussed the issue, and she came to agree that singular is appropriate although both are grammatically correct.§)

Discovery of the nature of the Everglades was slow in coming. Virtually the entire United States was mapped prior to the Everglades, as the inaccessibility of its watery wilderness inhibited exploration. Expanses of sawgrass—a plant with stiff, toothed leaves—were defiant to explorers and useless for cattle. No reasonably inviting or feasible use of the flooded land was apparent that would spur exploration. But one feature of the region’s interior intrigued people—the unexplained outpouring of fresh water around Florida’s southern coast. Early literature is full of observations of huge flows from innumerable rivers into the mangrove forests at the peninsula’s southwest end and of springs that upwelled fresh water into Biscayne Bay, occasionally used by sailors in the bay’s shallows near Miami.546 Some speculated that the source was a huge lake in the interior. While there was some credible information of a large lake, eventually resolved to be Lake Okeechobee, the mystery of the Everglades and its abundance of water remained.
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FIGURE 1.1 The Everglades and Lake Okeechobee in the Gulf of Mexico and Caribbean regions.



Beginning about 1820, conflicts with Native Americans (the “Seminole Wars,” see Chapters 11 and 22) focused federal military attention on southern Florida, and the nature and extent of the Everglades emerged. Pursuing Chekika, a Seminole chief, Colonel William S. Harney (after whom the Harney River in Everglades National Park is named) led an expedition across the southern Everglades from Ft. Dallas (later Miami) in December 1840. An account published in early 1841 provided the first reasonable description of the Everglades. Subsequent military expeditions in the 1840s added details and, with Florida’s statehood in 1845, a map was published documenting the status of land surveys.249 It showed the Everglades as beginning at the south shore of Lake Okeechobee and extending southward to the mainland’s southern edge, with the “Big Cypress” as the western boundary and slightly higher lands along Florida’s east coast as the eastern edge. In 1848, a reconnaissance report by Buckingham Smith, authorized by Congress, solidified knowledge of the Everglades and Lake Okeechobee. It documented what was generally known but not recorded—that the source of water for Lake Okeechobee was primarily the Kissimmee River, and that Okeechobee overflowed into the Everglades across its southern shore. The report also touted the potential agricultural value of the Everglades, if it could be drained. Additional mapping was conducted by the U.S. Secretary of War, resulting in an 1856 military map of the Florida peninsula compiled by Lieut. J. C. Ives (Figure 1.2).383 The “Ives Map” improved detail around Lake Okeechobee and verified the earlier Everglades boundaries. It clearly showed that the lake had no river outlets to the coasts. Its excess waters entered the Everglades, either overflowing the south shore or following short streams that quickly ended in shallow wetlands. The Caloosahatchee River, which flowed from the vicinity of Lake Okeechobee to the state’s southwest coast, was shown without a connection to the lake—just intervening, inhospitable wetlands. The basic geography of South Florida was thereby solidified.171,197,198,320,453,505,762,763,814
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FIGURE 1.2 A portion of the 1856 military map of the Peninsula of Florida (Ives Map). “EVERGLADES” is clearly printed, and indicates wetlands extending southward from the southern half of Lake Okeechobee. North of Lake Okeechobee is “Big Prairie,” apparently indicated as wetlands but not part of the Everglades. Also labeled—but barely visible—is the Big Cypress Swamp, west of the central and southern Everglades. (Map courtesy of South Florida Water Management District [SFWMD].)



This book focuses on the Everglades, its relatively recent origin, and its probable future. Considerable attention is devoted to the types of environments that surround it, which are inextricably linked by geology, hydrology, and ecology. The Everglades must be understood within the context of a larger region, encompassing more than just southern Florida. The Everglades lies in the south end of a watershed—an interconnected web of wetlands, creeks, ponds, rivers, and lakes—that begins as far north as the Orlando area of Central Florida. This southward flowing watershed is often called the Greater Everglades Ecosystem or “the Everglades region” (see section on “Terms and Definitions”).


A UNIQUE AND VALUABLE ECOSYSTEM

The state of Florida contains enormous acreages of wetlands, ranging in size from tiny isolated depressions within pinelands to the vastness of the Everglades, originally about 4,000 square miles in size. But the Everglades is not special just to Florida—it is unusual in the world. Of the world’s larger wetlands, most receive their water and nutrients from associated rivers that overflow their banks. Examples that superficially resemble the Everglades (some even larger in size) are the Pantanal of Brazil, the Llanos of Venezuela, and, in Mexico, the delta region of the Usumacinta and Grijalva Rivers and the Sian Ka’an Biosphere Reserve (see Figure 1.1).503,585 Except for the historic overflows from Lake Okeechobee, which principally affected the northern Everglades, the bulk of the Everglades receives nutrients only from the atmosphere. Thus, the configuration of the Everglades as a huge “sheet flow” ecosystem, independent of rivers or streams, is distinctive.325

The Everglades would probably arouse little interest but for certain values associated with it. These include the enormous populations of wading birds (Figure 1.3) and the peculiar diversity of tropical plants—the main reasons that an earlier generation sought to protect the area as a national park,228 an abundant, high-quality water supply for the human population of Florida’s southeastern coast, and agriculture. Agriculture also prospered from the rich northern Everglades soils south of Lake Okeechobee. How the Everglades functions as an ecosystem and provides these values will be described in the following chapters. In the final chapter, it will become obvious that these values have not been in harmony. There, the planned and ongoing efforts to restore the damaged ecosystem in the midst of continued use by the human population are explained.
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FIGURE 1.3 The essence of the Everglades: a mixed group of wading birds feeding just north of the Tamiami Trail in Water Conservation Area 3B, April 2014. Falling water concentrates the prey—mostly small fishes and aquatic invertebrates—for a feeding frenzy. This group includes great egrets, great blue herons, and little blue herons. Wood storks arrived moments later. (Photo by T. Lodge.)





TERMS AND DEFINITIONS

Conflicting definitions of Everglades’ geography require attention. First, this book uses southern or South Florida interchangeably to mean lands from the latitude of Lake Okeechobee southward. Of greater importance is a history of confusion stemming from liberal uses of the word “Everglades.” Among many examples are the books Forty Years in the Everglades,752 about adventures in the Big Cypress Swamp, and Journey through the Old Everglades: The Log of the Minnehaha,187 an intriguing account of taking a 30-foot sloop, in 1891–1892, down the Kissimmee River to Lake Okeechobee, then through a decade-old canal cut through the most northwesterly tip of the Everglades and into the upper Caloosahatchee River, then downstream to the Gulf of Mexico. The written record of the trip is of historic value, but not in terms of the Everglades. Broader definitions involve the term Everglades region, legitimately defined to include lands north of Lake Okeechobee that contribute water to the Everglades, and lands adjacent to the Everglades that are geologically, hydrologically, and ecologically linked.613 Recent confusion comes with the terms Northern Everglades and Southern Everglades used by the South Florida Water Management District (SFWMD) to mean (1) lands of the SFWMD lying generally north of Lake Okeechobee; and (2) the remaining SFWMD lands lying south, namely the true Everglades, Big Cypress Swamp, and adjacent lands (Figure 1.4). Justification for SFWMD’s definitions stems from Everglades restoration, which encompasses the Kissimmee watershed and other areas north of the true Everglades, all parts of the Greater Everglades Ecosystem. Additional confusion arises with the term Western Everglades, recently coined by some to mean the Big Cypress Swamp. Then there is the vernacular “’Glades” or “glades,” used at least since 1848814 and obviously short for Everglades. When someone says, “I’ve been out in the glades,” don’t assume anything. Just ask, “Where abouts?”

This book uses the time-honored historic boundaries for the Everglades as shown on the Ives Map and confirmed by others.56,166,195,333,335 Thus, in this book, the western Everglades is the western portion of the Everglades bordering the Big Cypress Swamp. The northern Everglades is the northern part of the historic Everglades, from Lake Okeechobee southward to include about one-third of the original ecosystem or, conveniently, to “Alligator Alley”/I-75. Most of the northern Everglades now lies in the developed Everglades Agricultural Area (EAA), but some remains in protected tracts and water conservation areas, including the Arthur R. Marshall Loxahatchee National Wildlife Refuge (named for Art Marshall, the late champion of Florida environmental causes). The central Everglades is defined here as Alligator Alley/I-75 southward to the Tamiami Trail in Miami–Dade County. Most of the central Everglades now lies in water conservation areas. The southern Everglades is defined here to lie south of the Tamiami Trail—lands that are now mostly in Everglades National Park.

Of basic importance in studying the Everglades is the term wetland, a word broadly used to describe areas of the earth’s surface that are regularly or periodically covered by shallow water. Legal definitions may include lands where little or no surface water occurs, but where groundwater periodically rises close enough to the surface to saturate the soil, producing a hydric soil which favors a prevalence of wetland plants and restricts the growth of upland plants.220,292 Hydric soils in the Everglades are of two kinds: peat soils that are largely the organic remains of the roots of wetland plants, and marl or lime mud, a mineral soil generally deposited in shallows, mostly at the edges of the southern Everglades. Peat and marl soils are further discussed in chapters 3 and 4.
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FIGURE 1.4 South Florida regions: SFWMD designations versus the historic terminology used in this book. (Inset and base map, courtesy of South Florida Water Management District; regions on base designated by the author.)



Wetlands come in many varieties, but two commonly used descriptive terms are swamps and marshes. Although the definitions are not universal, swamps are usually considered wetlands in which the dominant plants are trees. Examples of swamps in the Everglades region are mangrove swamps in the tidal brackish and saltwater areas and cypress swamps in fresh water. If trees are so scattered that their shade is insignificant, the wetland is called a marsh. Marshes are dominated by much lower, herbaceous (nonwoody) vegetation, and often look like prairies. Technical wetland literature uses the term fen for much of the Everglades. Further, the terms peatland in the United States and mire or moor in Europe are appropriate for the vast majority of the Everglades, which is underlain by peat.540,647 This book adopts the terms swamp, marsh, and peatland, as previously defined, as well as the term wet prairie. Elsewhere in the world, a wet prairie is intermediate in wetness between a marsh and a meadow, but in the Everglades it has come to define two different plant communities, one on peat and the other on marl.

Wetlands typically alternate between flooded and “dry” (i.e., lacking surface water) on a regular basis due to tidal cycles or seasonal rainfall cycles. For nontidal wetlands, the average annual duration of continuous flooding is called the hydroperiod, which is based only on the presence of surface water and not its depth. Relative to the Everglades, this book defines long hydroperiod as 10 months or longer inundation (often with continuous flooding for several years) and short hydroperiod as lasting 7 or fewer months. The range of 7–10 months is considered here as intermediate hydroperiod. However, various other definitions can be found in the literature, including short hydroperiod being less than 10 months780 to less than 6 months of inundation.808 By whatever definition, it is important to keep in mind that hydroperiods for particular locations may differ widely from year to year with fluctuating rainfall. In this regard, plant communities are best understood as responding to hydroperiods averaged over several years. Alternatively, animal responses to hydroperiods can be expected to change quickly. Wading birds, for example, follow favorable conditions of prey availability, itself a response to hydrologic conditions of the previous year or two.

Hydropattern323 is a term that refers to water depth as well as hydroperiod. Hydropatterns are best understood by a graphic depiction, a hydrograph, showing the water level (above as well as below the ground) over time, such as an annual cycle. A hydrograph for a sawgrass community in the Everglades, from data averaged over several years, would show water a foot or so deep for a few months during the wet season falling to about a half-foot below the ground at the end of the dry season. Like hydroperiods, the hydropatterns of various plant communities differ greatly, and annual and multiyear cycles are highly variable (see Figures 3.9, 3.10, and 7.7).

The terms environment, habitat, and plant community are often used interchangeably. An environment encompasses the physical, chemical, and biological features that characterize a location. A habitat usually defines the place where a particular kind of animal or plant lives, and is largely described by its vegetation, which ecologists call a plant community, that is, a group of plant species that typically inhabit a specific environment. Regarding plant communities, the term Everglades applies specifically to southern Florida’s huge, interior freshwater marsh, variously dotted with “islands” of trees. Despite its name, Everglades National Park encompasses far more environments/habitats/plant communities than just the Everglades itself. In fact, the true Everglades occupies only about a quarter of the park. Larger portions are the marine waters of Florida Bay and the mangrove-dominated estuaries of the southwest tip of the Florida mainland. The principal environments of the Everglades region south of Lake Okeechobee are usually defined by their most obvious features, either vegetative or environmental, and include the following:*


	Freshwater marshes (including several plant communities)


	Wetland tree islands (broad-leaved types)


	Cypress heads, domes, and dwarf cypress forests


	Tropical hardwood hammocks


	Pinelands


	Mangrove swamps and mangrove islands


	Coastal saline flats, prairies, and forests


	Tidal creeks and bays


	Shallow, coastal marine waters




Other authors may use various different names for these environments, or even use other kinds of divisions.143,325,476,587 It is important to bear in mind that any system of categorizing the features of our environment is for our convenience. Too often, we expect nature to conform to our notions of its organization, only to become frustrated with its lack of cooperation. Thus, while these divisions are useful for organizing our thoughts, there will be exceptions: places that do not conform to these divisions, and divisions that might be better revised or subdivided for particular purposes. The following chapters will detail the plant communities that constitute these environments.



SOUTH FLORIDA CLIMATE AND WEATHER118,205,354,482,491,863

Together with geology (see Chapter 2), climate and weather are the most important controlling factors that regulate any ecosystem. Climate describes the general, long-term characteristics of the atmosphere. It includes both averages and the statistics of extremes for rainfall, temperature, days with sunny conditions, wind, and the frequency of severe weather systems such as hurricanes. “Weather” is the actual day-to-day description of these atmospheric conditions.

Of major importance to plants and animals, as well as to the general comfort of people, are temperature and rainfall. Whether southern Florida is tropical is often debated. Climatologists use various classification systems, and the most common (the Köppen classification) defines the region south of Lake Okeechobee (and extending slightly northward close to each coast) as tropical savannah because the average temperature of every month is above 64°F and there are pronounced wet and dry seasons. The “savannah” designation is because this climate normally characterizes grassland with only scattered trees. In South Florida, that norm is offset by the occurrence of high rainfall during the warmest part of the year, and by the limitation of most lightning to the wet season. The remainder of Florida is classified as humid subtropical under that system.

In contrast to climatologists, ecologists define tropical by the lack of freezing temperatures on land. By that definition, only the Florida Keys and highly protected environments on the mainland of extreme southern Florida are tropical (see Chapter 13). Freezing temperatures occur often enough in the rest of South Florida to limit the more sensitive tropical plants.24,774 Whatever definition is used, the important fact is that the abundance of naturally occurring tropical vegetation in southern Florida is impressive, and is an abrupt contrast to central Florida and lands further north. In mapping the distribution of tropical vegetation, a general correlation has been found with the line (isotherm) where the average daily minimum temperature for January is 54°F (Figure 1.5). This isotherm represents the probability that the harsh, cold conditions lethal to many tropical plants will not occur south or seaward of it, except in locations such as the immediate south side of Lake Okeechobee where the lake provides thermal protection. (Wetlands also provide freeze protection.) However, it is of considerable interest that this protection zone for tropical plants has retreated south, beginning in the 1970s. Earlier data (including the 1940s and 1950s) placed the 54°F isotherm northward along the coasts as far as Tampa Bay and Cape Canaveral. In the face of apparent global warming, greater extremes of temperature—warm and cold—have occurred, with the effect of driving the natural distribution of tropical vegetation (and warm-temperate plants such as citrus) farther south within Florida since 1970 because of low-temperature extremes.118,562 For this reason, it is better to refer to global warming as “climate change.”

The average annual rainfall in South Florida varies between 50 and 60 inches, depending upon location, with significantly more falling closer to the east coast over the Everglades. As a long-term average, three-quarters of the annual total falls in the 6-month period from May through October. However, May and October are pivotal months with inconsistent rainfall. May is particularly enigmatic, with summer temperatures approaching, water levels still low, and rainfall often sparse. The situation sometimes leads to water-use restrictions and tricky situations for firefighters, namely abundant lightning and dry environments. Thus, the most impressive statistics omit May and October; about 60% of the average annual rainfall comes in the 4-month period of June through September (Figure 1.6) while only 25% falls in the 6 month dry season of November through April.205

The onset of the wet season is often abrupt and, as a result, water levels in the Everglades typically rise rapidly but do not reach their maximum until late in the rainy season. Trade winds influence the weather during the warm summer months, bringing a continuous supply of moist, warm air westward over the Atlantic (Figure 1.7). Localized afternoon thunderstorms with a high frequency of lightning develop daily, and are responsible for most summer rainfall. They result from heating of the air as it passes over sun-baked land, most commonly developing 10 or more miles inland from the east coast. Other thunderstorms develop offshore at night when the ocean surface is relatively warmer than land. These occasionally drift inland, jolting sleeping residents awake with rude claps of thunder. And, as most long-term residents are painfully aware, rainfall can increase catastrophically by tropical weather events—depressions, storms, and hurricanes.
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FIGURE 1.5 A map of Florida showing average daily minimum temperatures in January of 54°F or warmer (for the period of record 1971–2000). This 54°F isotherm approximates the natural distribution of many native tropical plants. Only less sensitive species occur near the northern or inland boundaries. Note that the isotherm extends significantly farther north on the Atlantic coast (to Stuart) than on the Gulf Coast (to Sanibel Island, or just above Naples on the mainland), and that Lake Okeechobee provides protection for a narrow band hugging its south shore. (Redrawn from mapping provided courtesy of David Zierden, state climatologist, The Florida Climate Center and The Center for Ocean-Atmospheric Prediction Studies, Florida State University. With permission.)
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FIGURE 1.6 Summer thunderstorm seen from the Anhinga Trail, Everglades National Park, September 1978. (Photo by T. Lodge.)
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FIGURE 1.7 Summer wet-season weather map. High pressure over the Atlantic occurs often, bringing a typical southeasterly breeze to Florida and supplying warm, humid air that feeds thunderstorms. The wind direction is generally from the southeast, but modified by daytime onshore breezes from both coasts and nighttime offshore breezes. Fronts normally stay far north, not affecting South Florida’s weather, but tropical systems (depressions, storms, and hurricanes) occur, such as Tropical Storm Edouard shown crossing the Texas coast on August 5, 2008. Note that the tropical storm does not have a frontal boundary associated with it, in contrast to midlatitude cyclones (see Figure 1.8). (Redrawn from NOAA daily weather map, with modifications.)
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FIGURE 1.8 Dry-season weather maps and frontal weather. Left: A midlatitude cyclone (LOW) is shown centered on the Ohio River Valley, with a northward-moving warm front extending to the Atlantic and an eastward-moving cold front extending into the Gulf of Mexico on February 26, 2008. Warm, humid air bathed the Florida peninsula. Right: The low had moved to New England the next day, and the cold front was just moving off the South Florida coastline. Cold winds from the north were moving down the peninsula, having abruptly cooled South Florida’s weather. (Redrawn from NOAA daily weather maps, with modifications.)



Now consider the 6-month, winter–spring dry season, when only one-quarter of the annual rainfall occurs (Figure 1.8). Mid-October or early November nearly always brings the first abrupt change in weather after a hot, humid, and wet summer. The arrival of the first cold front is a pleasant relief, at least for the human residents. In midwinter, some of the cold fronts are unpleasantly cold, but the mild first arrivals do little more than signal the change in dominant weather from the tropical tradewind system to the temperate, prevailing westerly system. The latter is characterized by “frontal” weather, pulsing a new cold front through South Florida every week or so from November into March, then gradually less frequently as summer approaches. Cold fronts are spawned by large, counterclockwise rotating low-pressure storms called “extra-tropical” or “midlatitude cyclones.” These storm systems typically form in the Pacific as far north as the Gulf of Alaska to as far south as the eastern Pacific off the Mexican coast, or even in the Gulf of Mexico. From their origins, the weather systems move in the prevailing westerly drift toward the eastern United States and can be enormous, sometimes centered over the Great Lakes as the associated cold front moves through southern Florida! However, most cold fronts are associated with smaller systems, and bring little or no rainfall as they displace relatively dry air remaining from the previous cold front.

The air mass following a cold front is dry, high-pressure air. As the cool to cold high-pressure air mass moves over the peninsula, it warms. With its low relative humidity, the air has a large capacity to evaporate surface water from lakes, rivers, wetlands, and vegetation. As a result, southern Florida “dries out” and water levels in the Everglades recede (Figure 1.9), but with minor increases due to sporadic dry-season rains during which lightning is rare. It is fortunate that South Florida’s dry season coincides with cooler weather. If the seasonality were reversed, the hot summer temperatures would greatly accentuate drying conditions. It is also noteworthy that central and especially northern Florida lack such a pronounced winter–spring dry season, receiving more rainfall from cold fronts than southern Florida.
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FIGURE 1.9 Dry algal mat, Shark River Slough, Everglades National Park, April 1975. (Photo by T. Lodge.)



Substantial deviations from the normal dry-season regime occur as a result of the El Niño phenomenon, which occurs sporadically every 3–7 years and lasts 1–2 or more years. It is based on unusually warm sea-surface temperatures in the equatorial eastern Pacific Ocean (west of northern South America), which bring abnormally wet and powerful extra-tropical cyclones across the southern United States, including Florida, during the winter–spring “dry” season. The leading eastern side of these more intense systems typically carries a warm front with rain. Soon after, the warmer air is pushed out by a cold front that may bring violent, stormy weather with heavy rain during its passage. The winter of 1982–1983, the consecutive winters of 1991 to 1995 (the longest El Niño on record), and 2015–2016 were exceptionally wet because of El Niño events, with only a short, late dry season occurring in those years. El Niño is also associated with reduced hurricane frequency during the summer wet season because of high-altitude easterly winds that often shear off the tops of developing hurricanes. The periodic opposite extreme, called “La Niña,” reverses these effects.233,332,574
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FIGURE 1.10 Map of the historic Everglades watershed.





THE HISTORIC EVERGLADES REGION86,166,303,519,597,764,862

Before changes began in 1882, the entire ecosystem that included the Everglades was a watershed beginning near the present location of Orlando: the Kissimmee–Lake Okeechobee–Everglades watershed (Figure 1.10), sometimes given the acronym KLOE. Flows from the Kissimmee River and several smaller streams ended in Lake Okeechobee, from which there was no outlet during the dry season. But in normal summer rainy seasons, the water level of Lake Okeechobee rose, and upon reaching a stage of about 19 to 20 feet (above sea level), the lake merged into the Everglades with flows across its southern rim through a forest of pond apple, also called custard apple.* Early explorers tried to find navigable outlets from the lake through streams leading into this swamp, which fringed the south and southeastern rim of the lake like a necklace up to 3 miles thick. All of these streams ended in a profusion of swamp forest or dense sawgrass (see Figure 11.13). Beyond the ends of the short streams lay the tall, nearly impenetrable sawgrass of the northern Everglades.†

Sawgrass dominated the northern Everglades interior but was far from the only plant community of this vast ecosystem, which was 40 miles wide and extended almost 100 miles to the tidal waters of Florida Bay and the Gulf of Mexico. The northern Everglades “sawgrass plain” extended about 15 miles south and southeast from the pond apple swamp before giving way to a more varied landscape (see Figure 1.11). Along the edges of the Everglades were more open, wet prairies that harbored a rich variety of marsh plants. Through the interior, there were deeper open-water sloughs (pronounced “slews”) with surfaces adorned by lily pads. Sloughs were bordered by a foot and a half higher “ridges” of sawgrass, and the landscape was dotted with further elevated tree islands. This mosaic covered the major portion of the Everglades, where the elongated shapes of sloughs, sawgrass ridges, and tree islands were conspicuously aligned with the southward flow of water (see Chapter 3).

Although sloughs were easy to traverse in canoes, there were no open channels through the Everglades. The water moved in a vast “sheet,” with flows perceptible to the patient, steady eye through the relatively open sloughs and, even more slowly, through sawgrass. The slope from Lake Okeechobee to tidal waters averaged less than 3 inches per mile. With higher terrain in the Big Cypress Swamp to the west and the Atlantic Coastal Ridge to the east (its highest elevations scarcely over 20 feet), the Everglades waters were guided slowly southward by the imperceptible slope of the terrain.143,597 The rate of flow, slowed by the marsh vegetation, has been measured to range from negligible to about 10 feet per minute, but averages less than a foot per minute.337,665,753 The depth varied considerably with seasons and years, but rarely exceeded 4 feet in the deepest marshes. Average wet-season maximum depths in the various marsh plant communities ranged between 1 and 3 feet.‡

Throughout the entire ecosystem, the flat terrain and seasonally abundant water made small variations in topography important. Differences of a few inches in elevation cause large responses in vegetation.143 Ranging from freshwater marshes and tree island communities to cypress, pinelands, and upland forests, and finally to saline environments of the coast, these variations added intriguing dimensions to the landscapes of the region. The interesting details of the various plant communities of the Everglades region are discussed in later chapters.
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FIGURE 1.11 Simulated satellite image of original Everglades, prior to 1882. The yellow line denotes where the vegetation changed from marsh to higher ground along the Everglades east and northwest sides. Along the west border between the Big Cypress and the Everglades, south of Mullet Slough, the terrain merely changed from Everglades marsh to mixed communities where cypress and open glades were most abundant; there was no hydrologic boundary (see Chapter 7). (Courtesy of the South Florida Water Management District, see McVoy et al., 2011. Landscapes and Hydrology of the Predrainage Everglades. University Press of Florida, Gainesville.)





ORIGIN AND EVOLUTION OF THE EVERGLADES753

The environmental factors that control the ecology of the Everglades region—abundance and seasonality of rainfall, water quality, fire, and unique geographic/geologic features—were also responsible for the evolution of wetlands from uplands that existed when the sea level was much lower. This evolution began very recently in geologic time—not millions, but only thousands of years ago. From sea level’s much lower stand during the last glacial period, it had risen enough so that the shallow basin that was to become Lake Okeechobee and the Everglades could no longer drain rapidly into the porous limestone bedrock. The region’s rainfall was increasing, a much wetter climate than had existed earlier. Frequent flooding began to stress then existing upland plants and to favor the growth of wetland plants. With initial filling of a deeper, north-end depression only about 6,000 years ago, Lake Okeechobee was born. Under the protection of rising water, peat soils accumulated from generations of wetland plants that flourished around the lake’s growing edge. About 5,000 years ago, these accumulations became the first Everglades soils in the shallower, southward extension of the basin.301,303 The growth of wetland vegetation and the attendant peat soil accumulation kept pace with the rising lake and advanced farther and farther southward: the Everglades was slowly born.

In the path of the growing Everglades, previously existing upland plant communities, including pinelands like those along the edges of the Everglades today, began to disappear.469,587 First in the areas of lowest elevation, and then progressively higher, the Everglades vegetation advanced, its developing soils covering the original scanty soil and widely exposed limestone, the bedrock “floor” of today’s Everglades. Progress was not even but wavered with periodic fluctuations in climate.295,856 But overall, because the accumulation of wetland soils depended on water level, the evolving terrain became very flat, far more level than the original rock floor beneath.109,143,303

This “growth” of the Everglades, leaving a record of pollen from the plants that thrived,855 proceeded to the level where wet-season waters began to spill over the lower areas of the Atlantic Coastal Ridge. During high water, limited flows wandered from the northern Everglades eastward and northward through the Loxahatchee Slough and into the Loxahatchee River to the Atlantic at Jupiter. Farther south, regular overflows moved into short rivers such as the New River in Ft. Lauderdale and the Miami River. From the southern Everglades, there were numerous “transverse glades”—wet-season overflows resembling Everglades habitat. A transverse glade existed, for example, near the present location of the South Miami Hospital, where high waters flowed from the Everglades to Biscayne Bay.333 And in addition to the transverse glades, groundwater seepage and springs oozed fresh water into Biscayne Bay all along its western side, creating widespread estuarine nursery habitats required by many marine species, such as redfish.

Thus, given the elevation of the Atlantic Coastal Ridge, the Everglades evolved to its maximum possible extent—the giant 4,000-square-mile wetland that existed when the first Europeans arrived in Florida (Figure 1.11). Native Americans, however, saw the entire transformation. As detailed in the final chapter of this book, they had already inhabited southern Florida for at least 5,000 years before the first soils of the Everglades were formed.110,319 But, beginning in 1882 and taking a relative flash of time—less than a century—the Everglades came to resemble the greatly altered landscape that we have today (Figure 1.12), with its diverse vegetation documented in 1943 (Figures 1.13 and 1.14).
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FIGURE 1.12 South Florida 2004 satellite image showing the historic Everglades boundary, water conservation areas (WCAs), the Everglades Agricultural Area (EAA), canal connections from Lake Okeechobee to the St. Lucie River and to the Caloosahatchee (C-43), and other features. See Figure 1.11 for additional labels. Note that Miami International Airport and the controversial “8.5 Square Mile Area” lie entirely within the original Everglades. (Courtesy of the South Florida Water Management District [SFWMD].)
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FIGURE 1.13 Vegetation map of southern Florida as interpreted by John Henry Davis,166 based on 1940 aerial photographs and extensive fieldwork. A few locations, for example, around the south rim of Lake Okeechobee, show what would have been present before more recent agricultural development. (From Conrads and Roehl 2010, provided courtesy of the U.S. Geological Survey by Paul A. Conrads.)
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FIGURE 1.14 The Everglades portion from Figure 1.13, recolored and modified to remove canals, highways, and overlays of Davis within the Everglades areas dominated by sawgrass. The legend uses newer terminology appropriate for this book, and notes the then future Everglades Agricultural Area (EAA) in Palm Beach County, shown in Figure 1.12. See Figure 1.5 for county locations. Numerous features, both of this map and of the original, will be referenced throughout this book. (Map provided courtesy of the South Florida Water Management District [SFWMD] with figure arrangement by Joel A. VanArman.)




* For example books, see References 173, 195, 320, 446, 498, and 505.

† The map Marjory references (her page 7) is certainly by Charles Vignoles (see Reference 820), although she called it the “Turner Map.” Vignoles’ map (which actually calls the area “The Ever Glades”) was engraved by H. S. Tanner, and I assume that Marjory had a barely legible copy and thought the name was “Turner.”

‡ The former Miami estate of Dr. David Fairchild (1869–1954), botanist and plant explorer for whom the famous Fairchild Tropical Garden, located near Miami, was named. Some of the earliest meetings to lay the framework for a national park in the Everglades were held at the Kampong, as David Fairchild was the first president of the citizens’ group that formed in 1928 to promote the idea.878 The Kampong is now maintained as a limited-access garden by the National Tropical Botanical Garden.

§ In popular literature, the plural usage is common, but scientific literature nearly always uses the singular.

* The historic Everglades also included a narrow band of cypress swamp along the eastern edge, primarily in Palm Beach and Broward Counties, and a pond apple swamp around the southern shore of Lake Okeechobee (see Figures 1.12 and 1.14).166,171,852 These communities are not listed here because they no longer exist (see the following section on the historic Everglades, Chapters 4 and 11).

* Not to be confused with a related tropical American fruit tree also known as “custard apple.”

† It is noteworthy that passage through the swamp and into the Everglades was possible in canoes during very high water, and that the Everglades itself was regularly traversed by Native Americans (and a few early explorers) in such craft, except during low water.762,764,862

‡ Flooding in 1947 rendered much of the Everglades 6–8 feet deep.597 Water depths in the original Everglades were not precisely known, but based on descriptions of the vegetation and what is now known about depth tolerances, such excessive depths were unusual and of short duration.




7 The Big Cypress Swamp*

Traveling west on either of the two highways across the Everglades, one enters very different terrain at Fortymile Bend on the Tamiami Trail (U.S. 41) or at the Miccosukee Service Plaza at Snake Road on Alligator Alley (I-75) (see Figure 7.1 and also Figure 1.12). Called the Big Cypress Swamp, often shortened to just “The Big Cypress,” this largely forested region has a greater variety of plant communities than the Everglades. The Big Cypress has natural boundaries with the Everglades to the east and with tidal coastal communities to the southwest, but a less defined border to the west and north, and its watershed includes lands to the north (see Figure 21.13 for historic flow patterns). For this reason, most of the lands northward to the Caloosahatchee River are often included in “The Big Cypress” region. It can be confusing that the region is often called the “western Everglades,” a term not used in this book except to mean the west side of the true Everglades.

Like all of southern Florida, the terrain of the Big Cypress Swamp is nearly flat, so that small variations in elevation make large differences to vegetation. Slightly higher than the Everglades, it has a maximum elevation of about 22 feet in the north, sloping almost to sea level in the south over a distance of 35 miles. More than in the Everglades, differences in elevation here are directly related to irregularities in the underlying bedrock, which greatly affect hydrology. The result is a range of plant communities from deep sloughs dotted with open ponds, to cypress swamps, to regions of countless cypress domes, to open marshes, pinelands, and hammocks. Variations in forest cover often make the region appear to have hills, in contrast to the flatness of the Everglades. It is obvious that the variety of plant communities in the Big Cypress is based in its more complex bedrock compared with the relatively simple Everglades bedrock, which lies mostly buried under peat (Figure 7.2).

While the name “Big Cypress” implies that the cypress trees are large,544,606 it has come to denote that the region is big550—1,200 square miles by the most limited definition, and nearly 2,500 square miles using its hydrologic boundary. However, there once were abundant, large cypress trees in restricted habitats. The best-known area is the Fakahatchee Strand, located west of State Road 29. Locals historically referred to that area as “the big cypress country” because of its huge cypress up to 130 feet tall. They called more easterly areas, now in the Big Cypress National Preserve, “the glades” because of the many interspersed marshes and dwarf cypress prairies that resembled parts of the Everglades.† So, it is not clear how the name “Big Cypress Swamp” evolved or exactly what lands it designated, but it was already in use by 1856 as it is printed on the military map from that date (Figure 1.2). The historic areas having huge cypress were nearly all logged in the 1940s and early 1950s and hauled away by steam locomotives. Only remnants survive today. But even without those historic giant cypress, the Big Cypress is famed for its spectacular variety of plant life and intriguing wilderness.


CONSERVATION UNITS AND NATIVE AMERICAN LANDS

Because of its botanical, wildlife, and wilderness values, extensive areas of the Big Cypress region are now protected in the following preserves, listed generally from northwest to southeast (see Figure 7.1):


[image: images]

FIGURE 7.1 The Big Cypress Swamp region. A strict interpretation of the Big Cypress Swamp boundaries is shown in cross-hatched brown. The Big Cypress region includes lands roughly to the Tamiami Trail on the southwest and west, north to the Caloosahatchee River, and encompassing Corkscrew Swamp and The Devil’s Garden. (Selectively redrawn from U.S. Geological Survey State of Florida map, scale 1:500,000, 1967 edition, with details from the National Park Service. 2002/2000. Big Cypress National Preserve and Everglades National Park, Florida [maps/descriptions for visitor use]. U.S. Department of the Interior. GPO: 2002–491–282/40191 and GPO: 2000–460–976/00344 respectively; Big Cypress Swamp location [from McPherson, Benjamin F. 1984. Environments of South Florida: Present and Past II. Miami Geological Society, Miami]. Alligator Alley/I-75 alignment interpolated from various sources.)
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FIGURE 7.2 Eastern Big Cypress Swamp/western Everglades typical geologic cross section near the Tamiami Trail. The Tamiami Formation here is about 50 feet thick. Surface layers are shown proportionally thicker for presentation. Most of the surface layers are a maximum of about 3 feet thick, including the two outlier mounds of Miami Limestone, which, in the eastern Big Cypress, typically provide the higher elevation surface where hammocks occur. Topography in the western Big Cypress is nearly all the result of undulations in the surface of the Tamiami Formation, with depressions, including solution holes, containing remnants of younger limestone and superficial peat of recent formation. (Redrawn and modified from Duever, Michael J. et al. 1986. The Big Cypress National Preserve. National Audubon Society Research Report No. 8, National Audubon Society, New York.)




	Corkscrew Swamp Sanctuary


	Florida Panther National Wildlife Refuge


	Picayune Strand State Forest


	Collier Seminole State Park


	Rookery Bay National Estuarine Research Reserve


	Ten Thousand Islands National Wildlife Refuge


	Fakahatchee Strand State Preserve


	Big Cypress National Preserve


	Everglades National Park




In addition to the conservation lands, two large Native American reservations lie along the northeastern edge of Big Cypress:


	Big Cypress Seminole Indian Reservation


	Miccosukee Indian Reservation




By far the largest conservation unit is the 1140-square-mile Big Cypress National Preserve. It was created in 1974, the result of a battle that united a broad spectrum of advocates against landowners pushing for various forms of land development. The catalyst was a 1960s plan by the Dade County Aviation Department to build an “Everglades Jetport” on 39 square miles of wetlands in the eastern Big Cypress. It was to be a reliever airport for Miami International and serve other South Florida population centers with new superhighways and high-speed rail. To avoid rising costs, the aviation department had been secretly purchasing the land for the project. After its public disclosure, I attended a presentation of the plan and heard the director of the aviation department respond to a question about environmental protection with, “Don’t worry, we’ll set aside some land for you guys with the butterfly nets.” I was not alone in my angry reaction to the callous disregard for the superlative wilderness and natural values of the Big Cypress Swamp and neighboring Everglades. The jetport project aligned former adversaries, including hunters, non-hunting conservationists, and the Miccosukee Indians. Under the influence of the Assistant Secretary of the U.S. Department of the Interior, Nathaniel Reed, President Nixon’s domestic advisor, John Ehrlichman, Florida’s governor, Reubin Askew, and a key conservationist, Joe Browder, a powerful resistance coalesced, stopping the jetport and protecting the Big Cypress Swamp. The Everglades Coalition, as well as Marjory Stoneman Douglas Friends of the Everglades, formed out of this controversy. Prior to being stopped, a single jetport runway had been completed in 1970. Now called the Dade–Collier Training and Transition Airport, it is shown on Figures 7.1 and 22.3, on the eastern side of the Big Cypress National Preserve north of the Tamiami Trail. With restricted ground access, the runway is used for aircraft training.111,305,320



SURFACE WATERS OF THE BIG CYPRESS REGION

The Big Cypress Swamp’s ill-defined boundary to the north is against an elevated area often called the Immokalee Rise. Occupying parts of Hendry, Collier, and Lee counties, the Immokalee Rise is a region of sandy soils. With a maximum elevation of about 40 feet, it is substantially higher than the Everglades and Big Cypress. Agriculture—row crops, cattle, and, since the 1980s, large tracts of citrus—are important land uses, and the hub of the agricultural activity is its namesake town of Immokalee (see Figure 7.1), located in the southern edge of the rise. The original uplands of the Immokalee Rise, prior to clearing, were dominated by pine flatwoods and “dry prairies.” The latter are areas of grasses and saw palmetto where conditions were dry enough that wildfires were frequent and intense—too severe even for slash pine. And while the region is relatively high, it is flat, and thus drains slowly so that there are numerous pockets of wet prairie and cypress swamp. Near the Everglades, the Immokalee Rise was dominated by wet prairies but also contained islands of pine and deeper areas of cypress in a region so complicated that it was given the name “The Devil’s Garden.” Much of that area has been drained for agriculture, and for the purposes of water management, it is designated the “C-139 Basin” (see Figure 22.1).

Now largely redirected by canals, the natural surface drainage from the Immokalee Rise flowed to neighboring areas in all directions (evident on Figure 21.13, southwest of Lake Okeechobee). The northeastern portion followed sloughs into streams, northward to the Caloosahatchee. However, prior to 1882, the Caloosahatchee did not flow like today’s canalized river. The sluggish upper portion near Lake Okeechobee may have occasionally overflowed southward toward the Devil’s Garden, where the waters joined eastward flows coming from the Immokalee Rise. Waters of the Devil’s Garden flowed partly eastward to the Everglades and southward through the present Big Cypress Seminole Indian Reservation to Mullet Slough. Farther west, two drainages flowed southward into the Big Cypress. One, the Okaloacoochee Slough, flowed from the Immokalee Rise into the most botanically rich area of the Big Cypress, the Fakahatchee Strand (a “strand” in the Big Cypress is an elongated corridor of swamp forest). Still farther west, another drainage flowed southwest to Corkscrew Swamp, near Lake Trafford, one of the few natural lakes south of Okeechobee. Corkscrew Swamp and Lake Trafford are at the northwestern edge of the Big Cypress Swamp (see Figure 7.1).

As evidence of the surface water flows, the plant community patterns of the southern Big Cypress Swamp are generally oriented northeast to southwest. Some flows, however, did and still do move southeastward through Mullet Slough into the Everglades where they turn south, contributing to Lostmans Slough along the border between the Big Cypress and the Everglades south of the Tamiami Trail. But historically—prior to man-made obstructions including the Tamiami Trail, Loop Road, the L-28, and especially the L-28 Tie Back levee and canal (see Figure 22.3)—Mullet Slough waters freely joined other flows from the Big Cypress interior as well as the Everglades. The combined flows then contributed to Dayhoff Slough, Gum Slough, Roberts Lakes Strand, Sweetwater Strand, and Sig Walker Strand to the Chatham and other rivers in the mangrove zone (Figure 7.3; also see Figures 1.11 and 1.12). The latter flow paths are now significantly interrupted.

The west side of the Big Cypress has no agreed boundary. It merely grades into sandy uplands near Naples, Florida. The original terrain there—now mostly developed—was dominated by slash pine forests, but often with intermixed cypress and areas of deeper cypress swamp. The southern edge of the Big Cypress slopes into the coastal saline communities, first into coastal marshes and then into mangrove swamps. Continued rising sea level, coupled with canal diversions of fresh water that have reduced water levels and flows from the Big Cypress, have induced mangroves and other salt-tolerant plants to encroach northward into the Big Cypress Swamp and to obstruct creeks that were formerly passable by canoes.



GEOLOGY AND SOILS

While the surface terrain of the Big Cypress Swamp is relatively flat, the underlying bedrock is irregular and often exposed at the surface, unlike most of the Everglades, where exposed rock is the exception. Despite the apparent complexity, the bedrock and soils are simplified when approached from the prehistoric view of successive layers deposited by high stands of sea level, and intervening low sea level where weathering, erosion, and dissolution dissected or even erased portions of earlier deposits.

The most widespread rock at the surface, reaching to depths of 150 feet, is the Tamiami Formation, a marine limestone deposited from early Pliocene until about 4 million years ago. The Tamiami Formation also lies beneath the Everglades, where it is covered by younger limestone strata (see Figure 7.2). Following its deposition, the sea level receded, leaving the then-unconsolidated Tamiami Formation exposed to weathering and recrystallization from seasonal wetting and drying. This sequence consolidated the upper foot or two into a very hard, dense limestone called “caprock.” However, during caprock formation, solution holes also formed, often where tree roots provided an initial opening. Subsequent percolation of rainwater then dissolved the softer, underlying limestone, forming shallow subterranean cavities. In time, many of these solution cavities collapsed, making shallow depressions that usually contain fragments from the collapse of the overlying caprock.

Subsequently, the sea level rose and fell at least five times, successively inundating and exposing southern Florida. With each inundation, new deposits occurred, mostly marine and freshwater marls that would ultimately produce limestone, but also silica sand from the north, carried by wind or by waves along shorelines. The sand deposits, such as the “Pinecrest beds,” were thicker in the northern and western coastal areas, but sand pockets occur in many places throughout the Big Cypress. These various sediments filled the weathered surface of the older Tamiami Formation, including the solution holes and cavities, and produced relatively thinner veneers of new sediments that, in turn, consolidated and produced sandstone or additional caprock in some locations. The last flooding—a relatively short stand of high sea level that formed the Miami Limestone and deposited the last seashore and dune sands, mostly in the northern and western Big Cypress—ended about 100,000 years ago. It had flooded South Florida to 25 feet above today’s sea level, and left the topographic feature called the Pamlico Shoreline. The latter is locally identifiable around the Immokalee Rise, then an island (see Figure 2.4). The Miami Limestone forms the uppermost bedrock of the southern Everglades, but remains only as patches in the easternmost Big Cypress, lying over the Tamiami Formation or over younger layers such as the Pinecrest Sands. Thus, at any one location in the Big Cypress, the underlying strata look confusing, but with data from many excavations and well cores over the region, a story of South Florida geologic history has emerged that is now reasonably well understood.
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FIGURE 7.3 Detailed vegetation map for part of the Loop Road area, Big Cypress National Preserve and Everglades National Park. The location of this map is shown on Figure 7.1. Some of the major strands and sloughs (green) and the edge of the mangrove zone can be located on the satellite image (Figure 1.12) south of the western portion of the Tamiami Trail. (Redrawn and modified from McPherson, Benjamin F. 1973. Vegetation Map of Southern Parts of Subareas A and C, Big Cypress Swamp, Florida. U.S. Geological Survey Hydrologic Investigations Atlas HA-492.)



Most of the Big Cypress is now covered by shallow, recently developed soils, deeper only in depressions. The soils include sands, most prevalent in the northern and western Big Cypress, marls that have developed in freshwater marshes, and peat soils that have filled depressions that are flooded most of the time. The peat soils are in everything from small pits in the rock to extensive troughs in the rock surface where sloughs have developed in major flow-ways.



BIG CYPRESS VEGETATION

The vegetation of the Big Cypress developed in response to hydroperiod and water flow, which in turn responded to the topography and underlying geology. While knowledge of Everglades vegetation and plant communities makes most of the Big Cypress Swamp familiar, there are interesting differences. Table 7.1 lists plants of the Big Cypress that are either unusual or absent in the Everglades. The major plant communities include the following:


	Hardwood hammocks


	Pinelands (flatwoods)


	Cypress forests and domes


	Mixed pine and cypress forest


	Mixed swamp forests


	Freshwater marl prairies


	Freshwater sloughs




Most of the plant communities of the Big Cypress are floristically more diverse than those of the Everglades, having more temperate species, especially toward the north, and more endemic species with very limited ranges. Emphasizing the unique features that set the Big Cypress apart from the Everglades, each plant community is described as follows:


HAMMOCKS

Just as in the Everglades, these upland forested communities are the final stage of succession, where there is protection from fire and the elevation is above regular annual flooding. They are most abundant in the eastern Big Cypress where there are isolated, elevated “islands” of Miami Limestone lying on top of the older Ft. Thompson and/or Tamiami formations (see Figure 7.2). A few small hammocks are shown on Figure 7.3.

The hammocks in the southern Big Cypress are more tropical in composition. The interior and northern areas are more conducive to reproduction of temperate species, and the more sensitive tropical species are restricted by cold (see Figure 1.5). Examples of temperate trees (Table 7.1) are the common persimmon and oaks, including laurel oak and water oak in addition to the ubiquitous live oak, which is also abundant in the hammocks of the Everglades and Florida Keys. A tropical tree that persists throughout the Big Cypress is the strangler fig, although northward this species is usually pruned by cold events to a dwarf stature, except where protected by moist environments such as in Corkscrew Swamp.



PINELANDS

The pinelands in the Big Cypress are like islands, usually surrounded by shallow marsh communities. They range from areas as large as 15 square miles in the center of the Big Cypress National Preserve, to thousands of patches measuring only a few acres (Figure 7.4). Accessible pines were logged at the same time as cypress.

The region’s pinelands are of two types, depending on elevation: high (mesic) and low (hydric) pinelands. Both kinds can occur on rock or sandy soil but not on peat, and are very tolerant of fire. The shrub, wax myrtle, is found throughout. The “high pine” is seldom flooded, has upland soils, and has an understory dominated by saw palmetto but with smaller numbers of cabbage palms. Unlike the pinelands of the eastern and southern Everglades, several temperate shrubs are common in the Big Cypress, including gallberry, staggerbush, and fetterbush. Upland tropical species such as Florida tetrazygia, common in the rocky pinelands of the southeast Everglades, are few or absent in the Big Cypress due to their cold sensitivity.


TABLE 7.1
Selected Plants of the Big Cypress Swamp That Are Not Characteristic of the Evergladesa
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The lower-elevation hydric pinelands have seasonal shallow flooding, hydric soils, and few shrubs, except that wax myrtle may be abundant. The hydroperiod is short, up to about 2 months of very shallow flooding or just soils that are squishy underfoot. The ground cover is of grasses and herbs, many of which also occur in the marl prairies. Cabbage palms, more tolerant of flooding than saw palmetto, may be common, and may be dominant in areas where pines were removed by logging or where water levels have been reduced by drainage. Of botanical interest, the hydric pineland is a highly diverse South Florida community, with 361 species known.469
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FIGURE 7.4 The Loop Road area of the Big Cypress National Preserve, showing a small pineland (center) amid marl prairie and cypress domes, in early dry-season defoliated condition. The photograph, taken in February 2013, is looking north from Loop Road near the east edge of the plant community map (Figure 7.3). The pineland is too small to appear on the map. (Photo by T. Lodge.)





CYPRESS FORESTS AND DOMES

In aerial coverage, cypress forests—including domes, cypress strands, and dwarf cypress prairies—dominate the landscape, especially in the Big Cypress National Preserve. In areas of peat soils, bald cypress dominates, and in marl soils, pond cypress dominates. Their growth forms are distinctive—bald cypress limbs extending horizontally and pond cypress extending at a uniform upward angle.

Cypress domes are the most structurally unique feature of the Big Cypress (Figure 7.5). They are particularly common south of Alligator Alley (I-75) in the eastern Big Cypress, where—from the air—the terrain looks like thousands of hills. Cypress domes are a response to bedrock depressions, where dissolution of the softer rock beneath overlying caprock caused the surface to collapse (see Geology and Soils). The longer hydroperiod allowed for accumulation of peat soils. The dome shape of the cypress forest in the depression is a graphic depiction of growth and survival conditions. It is better in the longer hydroperiods and deeper peat soil toward the center (see Figure 4.5), in part because protection from fire allows cypress to live longer.836 In some cases, the central depression is an open pond with submerged aquatic vegetation, too deep for survival of cypress seedlings. The spatial separation of domes may explain why soil fires do not eliminate cypress here as they do in the Everglades. A soil fire may start in a dome during severe droughts, burning the peat soil sometimes to bedrock, killing the trees in the process and creating the depression for a pond. However, soil fire is unlikely to spread between domes because peat soils are not continuous. The outer margin of most domes has marl soil, which does not burn, so that a ring of cypress survives there, providing a seed source that leads to recovery. Further, short-hydroperiod marl prairies usually occur between domes. Surface fires that sweep across marl prairies have a low probability of igniting soil fires in neighboring domes.
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FIGURE 7.5 Aerial view of a cypress dome (center) with a central depression that contains a pond, amid pinelands and other cypress domes in the Big Cypress National Preserve. The photo was taken in December 2006, while the cypress were in their winter defoliated condition, which makes them stand out from other vegetation. (Photo courtesy of Robert V. Sobczak, Big Cypress National Preserve.)



Occasionally, cypress-dominated communities are in the form of a strand but lacking significant numbers of broad-leaved trees and shrubs that characterize the mixed swamp forest. Alternatively, there are vast areas of short-hydroperiod marsh on marl soils that support short-stature cypress, often called “hatrack” cypress (Figure 7.4), which also occurs in limited areas of the Everglades under the same soil conditions (see Figure 3.5).



MIXED PINE AND CYPRESS FOREST

This community is a variation of cypress swamp that occurs on nearly level, sandy soil where drainage is poor. Widespread areas occur west of the Fakahatchee, extending nearly to Naples. The particular condition does not favor peat accumulation because fire is common, thus removing surface litter, and the hydroperiod is short. However, the wet sand, a hydric soil, restricts vegetation to wetland species and protects roots against fire. The overstory is almost completely dominated by slash pine and pond cypress. The understory commonly contains cabbage palms and various herbaceous species.



MIXED SWAMP FOREST

This wetland community is botanically related to the wetland tree islands of the Everglades. Examples of wetland trees that are abundant in Big Cypress mixed swamp forests but uncommon in the Everglades tree islands, especially southward, are pop ash and red maple. Prior to logging, these communities were dominated by bald cypress.

The most striking and unique plant community features of the Big Cypress are corridors of swamp forest called “strands.” They follow bedrock depressions and were naturally dominated by tall cypress prior to logging, but now are dominated by hardwood swamp trees. In the Everglades, such bedrock features would not be apparent because of the widespread deeper veneer of peat soils that obscures bedrock irregularities. While not quite as floristically diverse as the hydric pinelands, these strands are of extreme interest to botanists because of their unusually rich tropical character, most pronounced in epiphytic plants, notably orchids, bromeliads, peperomias, and ferns. Unique examples are listed in Table 7.1.

Prominent examples of mixed swamp forest strands that are identified on many Big Cypress maps are Fakahatchee Strand, Deep Lake Strand, Gannet Strand, Gator Hook Strand, Picayune Strand, Sweetwater Strand, Roberts Lakes Strand, Skillet Strand, and Kissimmee Billy Strand. The Fakahatchee is one of the most noted botanical areas in Florida (Figure 7.6). Its name came from the Seminole Indians and means “muddy creek,” referring to its relatively deep muck/peat soils, not to the character of the water, which is normally clear. The Seminoles and earlier Indians used the Fakahatchee, evidenced by many habitation mounds along its course. The central part of the strand is a forested slough—often with pond apples having spectacular buttressed trunks (see Figure 4.13)—punctuated by small lakes. Prior to logging, tall bald cypress formed the canopy of the strands, and should again in the future, but based on over 50 years of regrowth to date, full recovery to their former stature will take another century. Also, lining the edges of the slough communities, royal palms were common on the damp peat soils. Most of these were removed by landscapers after the completion of the Tamiami Trail in 1928, but their numbers are now recovering.

Because of the protective humidity—due to high evapotranspiration from open water in the central slough and from plants in saturated soils—many sensitive tropical plants thrive in the Fakahatchee, some found nowhere else. An inventory lists 403 kinds of native plants in the Fakahatchee Strand State Preserve, 183 specifically in the swamp forest portion. Of special note among the preserve’s native species are 35 ferns, 13 bromeliads (air pines), 45 orchids, and 3 peperomias. Like other South Florida natural areas, many exotics—about 90 species in the Fakahatchee—have become established.34
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FIGURE 7.6 A profusion of airplants, mostly West Indian tufted airplant (Guzmania monostachia), growing on cypress, pond apples, and pop ash in a deep slough of the Fakahatchee Strand. (Photo by Jeff Ripple. With permission.)



The Fakahatchee Strand is accessible by hiking trails off of Janes Memorial Scenic Drive, a maintained dirt road that crosses the entire strand.* Many of these trails are on the remnant elevated railroad tramways used for logging. But to traverse areas between tramways, you must often walk through waist-deep sloughs, rewarded, however, by a profusion of epiphytes on pond apple, pop ash, red maple, and second-growth cypress, all growing in water. For the less adventuresome, there is Big Cypress Bend, a spectacular boardwalk off of the Tamiami Trail, 7 miles west from State Road 29. Big Cypress Bend and Corkscrew Swamp are the only areas where no logging occurred, so huge bald cypress still thrive there, resembling the stature of the former Fakahatchee giants.

Deep Lake Strand lies just east of the Fakahatchee Strand. It also harbored large cypress, which were logged at the same time as the Fakahatchee. Deep Lake, the strand’s namesake feature, is unusual in being a deep sinkhole, formed during low stands of sea level. Only five sinkhole lakes occur in southern Florida, of which Deep Lake is the farthest south. It is only 1.7 acres in size but is 95–98 feet deep (depending on seasonal water level) and exhibits interesting water quality features with depth.459,685 It is also intriguing that Deep Lake was an open sink hole, possibly with a pool of water at the bottom, when the first Native Americans entered the region over 11,000 years ago. Although no evidence yet exists of prehistoric use of Deep Lake as a water source, such use is well documented for two other sinkhole lakes, namely Little Salt Spring and Warm Mineral Spring in Sarasota County.

Roberts Lakes Strand runs from the Tamiami Trail in the eastern Big Cypress southwestward toward the west segment of Loop Road, where its waters feed into Sweetwater Strand. It was also an area having large bald cypress that were logged using rail tramways that served a local sawmill on Loop Road. Roberts Lakes Strand is of interest because of its easy access from Loop Road, which itself provides excellent views of all Big Cypress plant communities at a leisurely pace, without having to worry about high-speed traffic.

Corkscrew Swamp is the largest of the remaining mixed swamp forests that still shelter huge bald cypress. Within Corkscrew Swamp is the Corkscrew Swamp Sanctuary, which is maintained by the National Audubon Society. The sanctuary is easily accessible via an interpretive boardwalk 2 miles long, and is famed for having the largest wood stork nesting colony in the U.S.



MARL PRAIRIES

These areas are virtually the same as those occurring in the southern and southeastern Everglades. One distinctive plant here, however, is corkwood, a low shrub that may resemble a sapling cypress to the novice. As in the Everglades marl prairies, muhly grass may be very abundant, and the Everglades or paurotis palm was formerly common here and in other moist plant communities. It is recovering from extensive collecting by landscapers.



SLOUGHS

Unlike the sloughs in the Everglades, what are called sloughs in the Big Cypress are not characterized by lily pads. Big Cypress plant community maps use “freshwater slough” for the equivalent of Everglades peatland wet prairies. They are dominated by cattail, sawgrass, arrowhead, pickerelweed, fire flag, narrowfruit horned beaksedge, spike rush, and bladderwort, and have seasonal water levels about as deep as the swamp forests. It is likely that their fire history has prevented swamp forest development. The largest such slough community of the Big Cypress is Okaloacoochee Slough, which carries water southward from the Immokalee Rise into the Fakahatchee Strand. However, several flow-ways of the Big Cypress bear the name “slough” but are characterized by other plant communities. For example, Mullet Slough and California Slough, both in the Big Cypress National Preserve (described later in this chapter), are areas dominated by cypress. Similarly, the forested central flow-ways in strands are called sloughs.




HYDROLOGY OF BIG CYPRESS PLANT COMMUNITIES

Figure 7.7 shows hydrographs in relation to plant communities of the Big Cypress for selected years in the period from 1993 to 2014. The graphic’s time frame begins each year with June, normally the beginning of the rainy season, and continues through the following dry season of the next calendar year in order to better show seasonal trends. Zero elevation is arbitrarily set at the bottom of swamp forest and freshwater slough (marsh) communities. Open water habitats have bottom elevations below swamp forest and freshwater marsh communities, and cypress elevations are about a half-foot higher. Marl prairies are another half-foot higher, with hydric and mesic pinelands still higher. Hammocks are not shown, but begin at the mesic pineland elevations and continue higher, so that they are seldom flooded. Thus, the range of elevations that define plant communities is narrow, with only two and a half feet defining everything above open water, meaning that plant communities’ relationship to water levels is critical.
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FIGURE 7.7 Big Cypress Swamp hydrographs related to the elevations of plant communities, 1993 through 2014. The colored lines are water levels through selected yearlong cycles from the early wet season through the following dry season. For the period from 1993 through 2014, the dotted black lines show the maximum and minimum stages, and the white dotted line shows the median. See text for additional explanations. (Courtesy of Robert V. Sobczak, Big Cypress National Preserve.)



Through the seasons, the median range of water levels for this period of record is about 2.5 feet, but the extreme range is nearly 5 feet, with most of the difference due to extreme low levels (exacerbated by remaining man-made drainage canals). This period was wetter than the long term average. For that reason, Figure 7.7 shows water levels getting into mesic pinelands several times, with a highest level in October 1995. However, at the other extreme, water levels for several years dipped very low (sometimes going below the recording gauge, so that the exact minimum is lost). The example is the very dry spring of 2009, when open-water habitats 2 feet deeper than the swamp forest bottom dried.

It is of general interest that water levels rise abruptly at the onset of the rainy season, which typically starts suddenly between mid-May and early June. Alternatively, water levels normally recede gradually through dry seasons but with noticeable reversals due to unusually wet cold fronts, such as the quick rise during February 2008 (red line). The hydrograph also shows that individual years are nearly always unique, showing substantial deviations from the median. Importantly, the modern trend depicted in the hydrograph is partially affected by drainage works that have reduced water levels, causing increased winter–spring dryness and delayed onset of summer flooding. The result has been increased incidences of ecologically damaging fires and costly fire control.



INTEGRITY OF THE BIG CYPRESS

There have been many alterations of the Big Cypress Swamp that have impacted the natural environment. The main impacts have been the following:


	Timbering of cypress and pine in the 1940s and 1950s. Recovery of tree stature may require another century.


	Plant collecting, still occurring by individuals, especially for orchids and bromeliads, and in the past by landscapers, particularly for paurotis (or Everglades) palms and royal palms.


	Off-road vehicles (ORVs) for hunting and outdoor recreation.203 Extensive rutted trails created enormous impacts and controversy in the past (see Chapter 22), but ORVs are now better restricted to specific trails in the Big Cypress National Preserve and other managed areas.


	Hydrologic impacts due to (1) drainage and residential development, mostly west of the Fakahatchee Strand; (2) agricultural development, mostly in the northern Big Cypress; and (3) diversion of waters by Everglades works, primarily the L-28 Tie Back levee and canal but also other canals such as those along Turner River Road and State Road 29. Drainage began with the construction of the Tamiami Trail and canal in the mid-1920s. A plan to correct these problems has been estimated to be far cheaper than the fire-suppression expenditure of $60M during the 10-year period to 2015, which was required to prevent damage because of excessive low water—the result of drainage.


	Loss of peat soils (for example, 1.5 feet in Deep Lake Strand and Gum Slough) due to interior drainage canals and to reduced water from the Everglades caused by the lower leg of the L-28 levee.


	Change in fire seasonality from late spring and summer (set by natural lightning) to winter (controlled burns and arson).


	Roadkills and barriers due to highways. Major highways include the Tamiami Trail, State Road 29, and especially I-75 (Alligator Alley). The development of Alligator Alley required the complete clearing of over 2000 acres (more than 3 square miles) of Big Cypress habitat, and was a formidable physical barrier to movement of animal populations. However, roadkills and barrier impacts were subsequently minimized by the highly successful installation of fencing and wildlife underpasses.253


	Oil and gas extraction. Exploration for oil and gas began in 1940 and has continued to the present, with several hundred wells drilled, but only a few have been successful. Understandably, conservationists have been alarmed, but impacts have been relatively small, especially in later phases where environmental controls have been strict. Compared with highway development and associated wildlife impacts, and with recreational off-road vehicle use, the oil and gas impacts have been small. However, new initiatives of seismic exploration and possible fracking have raised new concerns.


	Invasive nonindigenous plants and insects, especially Old World climbing fern, melaleuca, Brazilian pepper, the lobate lac scale insect, and the bromeliad beetle. Only melaleuca receives effective control, but the program is subject to funding problems.




In spite of all these impacts, much of the region is still wild. It resembles a pristine environment, as much as can be found anywhere in Florida. Visitor use is enhanced by several amenities. They include the Florida Natural Scenic Trail (a hiking trail that traverses the Big Cypress National Preserve from Loop Road in the south to Alligator Alley in the north), Janes Scenic Drive, the Big Cypress Bend boardwalk, the Turner River canoe and kayak trail, and National Audubon’s Corkscrew Swamp Sanctuary.

Finally, there persists a misconception that the Big Cypress Swamp is a rain-driven ecosystem that is disconnected from, and buffered from, the Everglades watershed. As highlighted in this chapter (shown graphically in Figure 21.13, using Figure 1.12 for location references), much of the Big Cypress ecosystem depends on flows from neighboring lands to the north and the Everglades to the east. As such, hydrologic restoration of the Big Cypress is intertwined with Everglades restoration.


* The main sources for this chapter are References 201, 202, 204, and 517.

† Oral history, Taylor Alexander talking with Fred Dayhoff: see “Recollections.”

* Few are aware of this rough but generally passable road and its connection to Immokalee by following it from State Road 29 to its end on Stewart Blvd., then west through Picayune Strand State Forest to Everglades Blvd., then north over I-75 (no access) to State Road 846. Most of this 37-mile connection between Routes 29 and 846 is paved but not shown on Figure 7.1; consult detailed area maps.




9 Coastal Lowland Vegetation … and Hurricanes!

The awesome power of hurricanes to reshape nature—as well as man’s existence—is of obvious importance in the Everglades region. Their ecological impact can be seen in many plant communities, especially forested areas, but their effect is most prominent in the lower-elevation coastal communities, where raging winds and rapidly moving high water rearrange not only trees but also terrain. These effects, combined with a slowly rising sea level over the past several thousand years, have shaped our coastal features (see Chapter 10).168 Were it not for hurricanes, certain coastal habitats would not exist.

My own experience with hurricanes began on a normal, sunny summer morning, August 22, 1992. I had stopped at a camera shop on South Dixie Highway, where the air was abuzz with concern. Hurricane Andrew had developed in the Atlantic and was then some 800 miles east of Miami, heading west. Without a change in course, it would arrive within 48 hours. Little did I know that 48 hours later, it would all be over—except for the years of recovery, both for nature and for countless human misfortunes.

Inexperience with hurricanes shaped my indifference to the impending dangers of Hurricane Andrew. I moved to Miami in 1966, and in the ensuing years, there had been several close calls but no hits. My timing had been lucky: Hurricane Betsy had passed the previous year, and the ferocious Donna in 1960 (Figure 9.1). In October 1966, Inez threatened, after having devastated Haiti with 160-mile-per-hour winds. With the memory of Donna and Betsy still fresh, experienced residents prepared: houses were boarded up everywhere. But Inez, after an all-night standoff, failed to come ashore, merely brushing the South Florida mainland before crossing the Florida Keys with then-minimal hurricane winds. On September 2, 1979, David took direct aim at Miami on the same path as Andrew. My wife was into her ninth month of pregnancy, and despite our doctor’s opinion, we worried about possibly having to bring our daughter into the world in the midst of a raging storm. Winds became alarming in the first morning hours of September 3, but Miami was spared as David veered north to Palm Beach and Stuart. Even as a minimal hurricane, it did substantial damage there, related by a friend who experienced the passage of David’s eye in Stuart. With some justification, I thought Andrew would do the same, but within 40 hours of my visit to the camera shop, in the last hours of darkness on Monday morning, August 24, my family and some friends would be prisoners in our house, witnessing the terrifying rising and falling roar of hurricane winds—contemplating our situation with each surge.

By 7 a.m. that morning, the winds had dwindled enough, save for some frightening gusts, to survey Andrew’s damage. Our house suffered little, but trees and power lines in our neighborhood were in ruins. Most of the coconut palms that had lined both sides of our street lay on the ground, snapped off at the base and pointing southwest. We quickly determined that we had taken the northeast quadrant of the storm and assumed that we must have been very close to the eye to have such damage. With no electricity and little means of getting reliable news, it took several days to understand how wrong we were. The northern edge of the eye had actually passed nearly 10 miles south. Communities that had bordered it, from Kendall to Homestead and Florida City, lay in shambles. In all, 117,000 homes in a 25-mile-wide path were destroyed or had major damage.859

This personal experience is passed along to relay the message that individual people do not often endure hurricanes, the most powerful of tropical cyclonic storms, defined as having winds in excess of 74 mph. From the perspective of natural history, however, their common influence on coastal environments is an inescapable fact, worthy of considerable attention by ecologists and geologists.
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FIGURE 9.1 Map of selected South Florida hurricane tracks mentioned in the text and (inset) all hurricanes from 1871 to 2008. (Compiled and redrawn from Barnes, Jay. 2007. Florida’s Hurricane History. 2nd ed. University of North Carolina Press, Chapel Hill, NC; Gentry, Cecil R. 1984. In Environments of South Florida: Present and Past II. Miami Geological Society, Miami; Williams, John M. and Iver W. Duedall. 2002. In Florida Hurricanes and Tropical Storms, 1871–2001. University Press of Florida, Gainesville.)




IMPACTS OF HURRICANE ANDREW ON THE EVERGLADES23,45,175,199,462,471,526,571,617,664,859

Small but intense, Andrew followed a westward track through the heart of the mainland area of Everglades National Park (see Figure 9.1). Its path of heavy impact was about 30 miles wide, actually narrow for such a strong storm. Maximum sustained winds reached 145 miles per hour, with peak winds to 175. At its landfall along Biscayne Bay, south of Miami, its storm surge—the rise in water above expected tidal level—was 16.9 feet. Andrew’s wind fury crossed the park’s pinelands, hammocks, and freshwater marshes before exiting through the expanses of mangrove forests where its winds had weakened to about 125 mph but its storm surge was still very high—about 13 feet.652

Early evaluations indicated that less apparent destruction occurred in the second-growth pinelands in Everglades National Park, attesting to the strength and flexibility of the younger slash pine. Older, taller pines there, and east of the park, were commonly broken but invariably high above the ground, the grip of their rock-anchored roots refusing to yield. However, within a few months, most of the pines in Andrew’s path began to yellow and die as they succumbed to pine bark beetles and weevils because of their weakened condition (see Chapter 6).

There was extensive damage to virtually every tall hammock tree in Andrew’s path, most easily observed at Royal Palm in Everglades National Park. The trees were either stripped of leaves and branches or completely toppled. Within a few weeks following the hurricane, vines, many of which were introduced species, began overtaking the defoliated hammock trees, smothering the slow recovery of damaged but living trees (see Figure 5.2).

Relatively little damage was observed in the vegetation of the freshwater marshes, where Andrew crossed the Shark River Slough, and in cypress forests of the southern Big Cypress Swamp. The mangroves in the southwest coastal swamps, however, suffered massive defoliation, and tall mangroves were uprooted or broken over a 110-square-mile area. In addition, huge sediment loads derived from the adjacent shallow marine waters were deposited in the mangroves, carried by the onshore storm surge. In the vicinity of the Harney and Broad rivers, about a million cubic yards of sediments were deposited over about 40 square miles of mangrove swamp. Surprisingly, where Andrew exited over shallow marine habitats, mainly beds of turtlegrass and shoalweed, there was little damage.



HURRICANE FREQUENCY AND ENVIRONMENTAL IMPACT IN SOUTHERN FLORIDA49,168,290,571,720,722,765,770,830,831,848,859

Was Andrew an unusual hurricane? For the people who experienced its fury, the answer is emphatically, “Yes!” During the prior 100 years, however, 15 major hurricanes passed directly through what is now Everglades National Park (established in 1947). Four were major hurricanes that wrought destruction specifically to the park’s coastal area: the relatively small but intense Labor Day Hurricane of 1935, which resembled Andrew, the much larger Hurricane Donna (1960), Hurricane Betsy (1965), and Hurricane Andrew (1992). These storms altered the ecology of the coastal portions of the park to such an extent that hurricanes are an unavoidable topic in the ecology of southern Florida—as basic as alligators.

Based on records from 1871 through 2008, southern Florida has been struck by 43 hurricanes during that period (see inset in Figure 9.1) for an average frequency of slightly more than once every 3 years, mostly confined to the peak season from mid-August through most of October. The coastal portions of Everglades National Park have been struck about once every 10 years, and “great hurricanes” (with winds of 125 mph or more) strike the park’s coast four times per century. It is important to note that tropical storms and hurricanes that do not directly hit southern Florida (and are therefore not shown on Figure 9.1) may impact the area. For example, a 1921 hurricane that hit Tampa split Charlotte Harbor’s Captiva Island into two islands as it passed offshore (see Chapter 12).

Hurricanes vary greatly in size as well as in the intensity of their winds. Despite their strong winds, Hurricane Andrew and the Labor Day Hurricane of 1935 were small, with zones of heavy impact less than 40 miles wide—approximately the area where sustained winds exceeded 100 mph. Using the 100 mph criterion, the giant September 1947 hurricane had a zone of intense impact 70 miles wide, and its hurricane force winds extended across 240 miles of Florida’s coast.290 Despite its huge size, the 1947 hurricane’s peak winds were 155 mph, significantly lower than Andrew (175 mph) and the 1935 Labor Day Hurricane (forensically determined between 200 and 250 mph).859

Destruction by hurricanes is due to one or more of four factors: wind, waves, storm surge, and rain. For most people, storm surge is the least understood factor, and close to the coast is potentially the most damaging aspect of a storm. Storm surges are a combination of the “mound” of water (the storm tide) induced by the hurricane’s low barometric pressure, and the rough seas and current driven by the storm’s winds. Storm surges of severe hurricanes reach more than 10 feet above regular tidal levels. The relatively small, but deadly, Labor Day Hurricane of September 1935 swamped Matecumbe Key in the upper Florida Keys with an 18-foot surge (its maximum surge was over 20 feet), and Andrew’s surge neared 17 feet. A huge surge is not required for extensive coastal alteration. On August 24, 2005, Hurricane Wilma crossed the state from Cape Romano in southwest Florida (south of Naples) on a northeastward track that carried it over Jupiter, Florida (where it did extensive damage to forests on the Loxahatchee River). Upon landfall at Cape Romano, the winds were on the order of 120 mph, but even at the Flamingo Marina in Everglades National Park, about 70 miles from Wilma’s central track, there was an 8-foot storm surge that damaged structures (it destroyed the park’s Flamingo Lodge) and filled the marina with sediments that rendered it useless, until cleared by dredging many months later.



IMPACTS OF HURRICANE DONNA143,290,859

In addition to the effects of Hurricane Andrew, there were revealing studies of the impacts caused by Hurricane Donna, an immense storm that exceeded the stature of the September 1947 hurricane in several statistics. On September 10, 1960, Donna’s eye crossed the middle Florida Keys with sustained winds of 140 mph, peak winds between 180 and 200 mph, and a maximum storm surge over 13 feet. From the Keys, it headed for the shoreline of Everglades National Park with a track that kept the northeastern quarter of the storm (usually the most powerful part) over the mangrove swamps and other coastal environments, as the eye moved to Naples and Ft. Myers on Florida’s southwest coast. In crossing Florida Bay, it reduced the small U.S. population of the great white heron to about 600 survivors.

Some 120 square miles of mangrove swamp were devastated. It is estimated that half of the trees were killed. Many were sheared off by the high winds, and those left standing were stripped of most branches and leaves. These effects were noted immediately after the storm, but then a peculiar sequence of events began. Within a few weeks, as expected, intact trees began recovering, with new growth evident everywhere (presumably younger trees having viable dormant buds; see Chapter 8, Red Mangrove section). Soon, however, the process stopped, leaving a complete kill of mangroves over extensive areas. Why did the recovery cease? The answer lay in the impact of the storm surge and the particular direction of Donna’s approach. The 10-foot deep mass of moving water forced inland by Donna carried with it a tremendous load of lime mud (marl) from Florida Bay and the bays and lakes inside the coastline. The mangrove forests slowed the flow of the water, causing much of this load of marl to be deposited as a blanket up to about 6 inches deep over the forest floor. Examination proved that this was enough to interfere with the critical oxygen supply required by the mangrove roots, killing virtually all of the trees in low-lying areas where the sediment accumulation was greatest. Many trees on slightly higher elevations survived and, oddly enough, even a large number of mangroves that had been completely uprooted, but with blocks of soil still clinging to the roots, also survived. An adequate oxygen supply continued to be available for the roots of these displaced trees.

Donna had another major effect. Prior to Donna, the mangrove forests had supported epiphytic plants in great abundance and variety, including air plants, orchids, and ferns. In the damaged area, it was estimated that 90% of these perished, due to either outright removal by the high winds, or subsequent exposure to direct sunlight in the dead, leafless forests. Perhaps a full century will be required for this profusion of epiphytes to become re-established in similar abundance in the affected mangrove swamp areas. It is highly possible that some very rare, perhaps recently established, species were completely exterminated from Florida. Thus, while some hurricanes may serve to bring the seeds of tropical plants, such as epiphytes, to tropical southern Florida (see Chapter 13), others may destroy established populations.



THE HURRICANE LEGACY: COASTAL LOWLAND VEGETATION143

The patchwork of lowland habitats in and around the great mangrove swamps and on islands is primarily the result of hurricanes. Even some areas of higher elevation that support species other than mangroves are the result of deposits that killed a previous forest. These non-mangrove coastal lowlands support interesting and often beautiful plant communities (Table 9.1). If one species had to be identified as the most ubiquitous of these salty habitats, it would be the buttonwood. Buttonwoods may stand as scattered individuals, or may be closely spaced, forming a buttonwood forest. Many dead snags that look like aged driftwood are buttonwood trunks, while others are mangrove “tombstones” left from Donna or even from the Labor Day Hurricane of 1935 (Figure 9.2). The variability of these saline areas is great, and ecologists have named numerous plant associations, including black rush marshes, saltwort marshes, coastal marl prairies, and scrub mangroves. Many such habitats are present near the town of Flamingo, at the end of the main road in Everglades National Park.*

The most picturesque of these areas is the saltwort marsh, named for the abundant, light, yellow-green ground cover of saltwort. Prior to Hurricane Donna, few areas were dominated by this shade-intolerant species, but Donna opened extensive habitat and spread its seeds. This decorative little plant has a woody stem that arches over and supports numerous short branches with fleshy, salty-tasting, inch-long leaves shaped like miniature cucumbers. Saltwort has a maximum height of 3 feet, and flats dominated by it are very open. With care not to trip over the stems, and with the decided advantage of long legs, you can hike through these areas. The soil is normally of marl and is firm, but usually wet, except in the height of the dry season.

In addition to buttonwood and saltwort, other plants in the areas opened by hurricanes (or sometimes by man) include sea daisy, glasswort, sea purslane, and scattered black, white, and red mangroves. Seagrape—named for its edible, grapelike purple fruits—occurs above wetland elevations here as well as widely in other coastal communities. It forms a sprawling, low tree with large, stiff, round, prominently veined leaves. Dead snags and live buttonwoods support numerous epiphytes, making these open, sunny areas ideal for observation and photography. The epiphytes include species also found in the mangrove swamps, namely several kinds of air plants and some orchids, the most common being the butterfly orchid. However, in exploring any habitats near the coast, be prepared for mosquitoes in all but cool, breezy, winter weather.



THE WHITE ZONE—A HURRICANE-PRONE LANDSCAPE143,215,668,757

A prominent coastal landscape of the southeastern Everglades, in an area known as the Southeastern Saline Everglades (see Figure 12.16), is an extensive, sparsely vegetated feature called the white zone. Coastal white zones occur in many lowland areas inland from normal tidal influence where limited freshwater flow is present, restricted mostly to sheet flow. The drainage flow-ways that do occur are limited and often discontinuous. The zone’s name comes from its very light color, as seen from the air or in aerial photographs (Figure 9.3). The light color is the result of the high reflectance—unobstructed by vegetation—of exposed marl soil during the dry season, or of calcium carbonate particles in the community’s actively growing periphyton during the wet season. The nearly flat terrain and short hydroperiod have caused the development of a 1- to 2-mile-wide white zone in this location. White zone plant communities can be seen in Everglades National Park between Paurotis Pond and Nine Mile Pond (Figure 9.4).


TABLE 9.1
Representative Native Plants of South Florida Coastal Lowlands
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FIGURE 9.2 Dead mangrove and buttonwood snags are evidence of a former mangrove swamp, decimated by Hurricane Donna or the Labor Day Hurricane (1935) and now a coastal prairie dominated by saltwort and glasswort. (Photo by T. Lodge.)




[image: images]

FIGURE 9.3 The white zone of the Southeastern Saline Everglades, looking northwest toward Card Sound Road (upper left). (Photo by T. Lodge.)
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FIGURE 9.4 Dwarf red mangroves of the white zone near Paurotis Pond, Everglades National Park. (Photo by T. Lodge.)



The white zone is a nutrient-impoverished environment. The vegetation is sparse and productivity of the area is notably low compared with other coastal communities, especially mangrove swamps. However, tides from tropical storms and hurricanes sporadically flood the white zone. With these floods come salt water and the seeds and propagules of mangroves. Thus, the soils harbor significant salt (the basis of somewhat misleading name, “saline” Everglades),90,215 restricting many freshwater plants, such as sawgrass, to the more inland areas of the zone. Scattered mangroves are widespread, but due to poor growth conditions, most are only 2–4 feet tall, although much taller mangroves occur in the normal tidal areas immediately coastward of the white zone.

Scattered through the white zone are short, depressed drainage ways that harbor lines of tree islands (see Chapter 4). The tree islands develop peat soils that accumulate to elevations above the white zone marl soils, but the drainage pathways around and between the tree islands are slightly depressed and host aquatic life that is an attractive food source for wading birds. Falling water levels concentrate small fish in these pathways, and roseate spoonbills, for example, can find important food sources there, although it is highly vulnerable to regional water management that affects water delivery to the creeks.472,473

Because of the low relief and slow drainage of the white zone, it is easily affected by man-made obstructions such as berms, canals, and roads. A prominent example of such an impact occurred when Hurricane Betsy (1965) pushed salt water over U.S. Highway 1 (constructed on the original Flagler Overseas Railway embankment) into an area impounded by the berm of a then-new major canal, C-111 (see Figure 22.6). Unable to drain, the salt water killed several square miles of freshwater Everglades vegetation, principally sawgrass, in the upper white zone.14 Obstruction of freshwater supply to the white zone and recently rising sea level have also had noticeable effects of extending the white zone inland. Corrections to this situation are planned under Everglades restoration.



HURRICANES AND GLACIAL CYCLES

Hurricanes and their progenitors—tropical storms and tropical depressions—are the result of warm sea-surface temperatures and proper atmospheric conditions. During winter and spring months, these conditions do not exist in the tropical North Atlantic, Caribbean, or Gulf of Mexico. Beginning in June and extending into November each year (with a peak in September), the conditions are ripe to spawn and sustain hurricanes. Because hurricanes require warm, open water, they cannot develop over land the way that tornados do. Extrapolate these requirements back to the times of the interglacial sea that existed prior to 100,000 years ago. The warmth of those times, and the expanded sea surface (the Gulf of Mexico was significantly larger then, in part at the expense of Florida), must have provided conditions that spawned hurricanes in great numbers. Thousands of hurricanes have probably revised southern Florida’s coastal environments during the warmer parts of each sea-level excursion through the glacial cycles.


* Many of the “higher” coastal storm levees (1.5 to 2 feet above sea level), especially near Flamingo, previously supported coastal hammocks, dominated by cabbage palms and salt-tolerant tropical hardwoods such as West Indian mahogany, buttonwood, and Jamaica dogwood (Piscidia piscipula). Cleared for lumber and charcoal, these areas are now coastal prairies that were not born of hurricanes.




11 Lake Okeechobee and the Everglades Headwaters*

With a modern area of 700 square miles† and an average diameter of 30 miles, Lake Okeechobee (usually pronounced “[image: images]”) is by far the largest lake in the southeastern United States, and it was somewhat larger prior to drainage (see “The Predrainage Lake” in the following text). Fittingly, the name Okeechobee is from Hitchiti words for water (oki) and big (chubi). Despite this regional acclaim, it is exceeded in North America by Utah’s Great Salt Lake, a lake in Alaska, and many lakes in the Canadian interior, and it is dwarfed by all five Great Lakes. To emphasize its size, some use the statistic that Lake Okeechobee is the second largest freshwater lake within the lower 48 states. The justification: of the Great Lakes, only Lake Michigan (about 22,000 square miles) is completely in the United States, and the Great Salt Lake (varying between 1,000 and 2,500 square miles, depending on rainfall) is saline, not fresh water. In using whatever statistic serves the purpose, be aware that Lake Okeechobee is very shallow, so its water volume is relatively small for its size, which is typical of lakes in flat, lowland regions.

Lake Okeechobee was historically the hydrologic hub of the greater Everglades ecosystem (Figure 11.1). Its role today is greatly modified—contained by the massive Herbert Hoover Dike, and regulated by controlled inlets and outlets, described under “The Modern Lake” in the following text. Historically, southward seasonal overflows contributed to the Everglades, which would otherwise have prospered only from direct rainfall. The lake receives water from a 4,000-square-mile watershed that begins in southern Orlando (Figure 11.2). In years such as 1947, which was unusually wet, exacerbated by two rainy hurricanes, the Okeechobee watershed contributed deep flooding to the Everglades.‡ Such periodic massive flows—certainly repeated at least a hundred times through the several thousand years of the lake’s life—undoubtedly contributed to shaping the flow pattern of the Everglades landscape.


THE LAKE OKEECHOBEE WATERSHED

Historically and today, the water entering Lake Okeechobee has come from direct rainfall on the lake plus discharges from five main headwater sources: Fisheating Creek, the Lake Istokpoga drainage, the Kissimmee River (pronounced “[image: images]”), Taylor Creek, and Nubbin Slough. Together, the headwaters accounted for nearly half of the historic lake’s water. Rainfall directly on the lake contributed the rest.§ By far the largest tributary was the Kissimmee River, which alone accounted for over 60% of the inflow from tributaries. Groundwater inflows and outflows were probably small in comparison with surface water flows. Recently, the lake’s hydrology has been complicated by periodic backpumping into the lake from the Everglades Agricultural Area (EAA) to relieve flooding. Those canals (the Miami, North New River, Hillsboro, and West Palm Beach) are normally used to carry excess water out of the lake and to serve as a source of irrigation in the EAA.

The Kissimmee River’s source is a network of wetlands and lakes—the Kissimmee Upper Chain of Lakes—beginning on the south side of Orlando (Figure 11.3). Many of the lakes have Indian names, such as Lake Tohopekaliga (pronounced “[image: images]” but often shortened by locals to “Lake Toho”). Prior to their interconnection by canals, they overflowed through wetlands and small creeks, slowly carrying water southward. The Kissimmee River originated at the south end of Lake Hatchineha, flowing about 4 miles to the much larger Lake Kissimmee. The main Kissimmee River emerged out of Lake Kissimmee’s narrow south end and meandered 100 miles through its 1- to 2-mile-wide floodplain wetlands over a straight-line distance of 50 miles to Lake Okeechobee. The trip by boat was described by early navigators as lacking scenery, except where the river passed a few forested pinelands or oak hammocks at the edge of the floodplain. The Kissimmee regularly overflowed into its floodplain, typically on the same summer wet-season schedule as the Everglades. This schedule contrasts with rivers of northern Florida and the southeast United States where flows are swelled by late winter and spring rainfall, then recede with summer dry spells.
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FIGURE 11.1 An annotated satellite image (2004) of the entire Everglades region, showing Lake Okeechobee in the context of modern peninsular Florida. (Courtesy of South Florida Water Management District.)
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FIGURE 11.2 A map of Lake Okeechobee and its watershed. Lake Okeechobee is depicted as it was in the late 1920s. The Kissimmee River is shown in its original meandering condition prior to canalization, but some connections in the watershed are shown as modified from the historical condition for reader orientation. See Figure 11.7 for the historic character of the Lake Istokpoga drainage to Lake Okeechobee. (Selectively redrawn from the USGS State of Florida map, scale 1:500,000, compiled 1966, 1967 edition.)
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FIGURE 11.3 An annotated satellite image (2004) showing the Kissimmee Upper Chain of Lakes. (Courtesy of South Florida Water Management District.)
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FIGURE 11.4 The Kissimmee Canal (C-38) and River. This aerial view is looking south, the foreground 5 miles south of Lake Kissimmee, and the distant point where the canal disappears is 5.5 miles farther south. The original river winds along in the right foreground, together with old, filled-in channels from natural shifts in the original river’s course. Farther in the background, the original channel is to the left of the canal. Vegetation along the original river’s course can be seen encroaching on the river at lower right, a response to reduced flow. For restoration, sections of the C-38 have been filled in so that flow is redirected to the river and its floodplain wetlands (see Figure 11.5). (Courtesy of South Florida Water Management District.)



With the Kissimmee’s canalization* and containment by levees as a flood control project by the U.S. Army Corps of Engineers (USACE) from 1954 to 1971, much of its floodplain was drained, which benefited cattle farmers. The once 100-mile river became a straight 56-mile canal, 30 feet deep and over 300 feet wide, designated as C-38 (Figure 11.4). The shorter segment between Hatchineha and Lake Kissimmee was also converted, becoming C-37. The enlarged waterway routed nutrient-enriched waters directly to Lake Okeechobee without the benefits of natural wetland treatment, water storage, and wildlife habitat previously provided by its floodplain wetlands. Phosphorus inputs included natural, headwater geologic sources and drainage from steadily increasing cattle ranching that began in the late 1800s but greatly intensified after levees prevented flooding. This trend is now being reversed by land management practices and by highly successful reconnections of some of the river’s oxbows—cut-off meanders of the river’s earlier configuration—thus rejuvenating the adjacent wetlands’ original functions of nutrient uptake and wildlife habitat (Figure 11.5). With planning beginning in the late 1980s, Kissimmee restoration is the largest river restoration project in the world. Some of the C-38 has been completely back-filled as part of the plan to eliminate 22 miles of the canal. Initial feasibility for the restoration was done by the USACE, the same agency that a quarter-century earlier had orchestrated the flood control project.75,407,732,793
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FIGURE 11.5 Kissimmee River restoration success. Taken in 2009, this view looks southwest from a location about 30 miles northwest of the City of Okeechobee. The magnitude of earthwork for restoration is evident, with the recently backfilled C-38 Canal at right, curving left in the distance. This revitalized section of the original river again winds its way toward Lake Okeechobee. Since this photograph was taken, the backfilled canal has overgrown and is disappearing in aerial views. (Courtesy U.S. Army Corps of Engineers.)



In contrast to the Kissimmee, much of Fisheating Creek still largely resembles its original, wild character as first described in an 1842 military expedition.182 Its upper reaches have been cleared and ditched to provide drainage for ranchlands to the west and northwest of the lake, but its lower 30 miles of easterly flow to the west side of Lake Okeechobee, sometimes in multiple channels, still passes through majestic cypress swamps, then disperses into Cowbone Marsh for the final miles to the lake. Lower lake levels have drained much of Cowbone Marsh, which has been partially tilled and channelized for agriculture, but traversing it with large canoes in 1842 was a considerable challenge. Fisheating Creek is the only uncontrolled lake tributary now remaining. Camping and canoeing near Palmdale, where U.S. 27 crosses Fisheating Creek (Figure 11.6), are exceptional among South Florida’s outdoor experiences.

Lake Istokpoga and its headwaters lie between Fisheating Creek’s watershed and the Kissimmee River. Of the many lakes in Okeechobee’s watershed, Istokpoga is exceeded in size only by Lake Kissimmee. It originally connected eastward to the Kissimmee River by a small creek—Istokpoga Creek712—but most of its wet-season water probably overflowed historically into wetlands in an area known as the Indian Prairie,* where the sheet flow was southeastward to Lake Okeechobee.415 Vividly apparent in a 1943 vegetation map,166 remnants of the former wetland flow pattern are still visible on aerial photographs. The Indian Prairie superficially resembled a miniature Everglades, complete with tree islands (Figure 11.7), except that the major vegetation type around the tree islands was “palm savannah,” a short-hydroperiod, seasonally wet grassland with abundant cabbage palms, developed on sandy soils—insufficiently wet for peat development. Lying in higher terrain, Lake Istokpoga’s surface elevation was normally about 20 feet higher than Okeechobee’s historic level. Accordingly, the slope of the Indian Prairie was almost a foot per mile, or nearly five times greater than the slope of the Everglades. The Indian Prairie area drained into Lake Okeechobee across a 25-mile-wide area that merged into the lake’s peripheral wetlands.
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FIGURE 11.6 Cypress and cypress knees along Fisheating Creek at Palmdale. This section of the creek is exceptionally wide. Water levels are obviously often much higher than seen here, evidenced by the numerous cypress knees protruding far above the ground. The knees typically grow to a height just above seasonal high water. (Photo by T. Lodge.)



Lake Istokpoga’s original drainage is now completely regulated by a canal network that carries most of its outflow through the Indian Prairie, now drained, to Okeechobee, and a canal link to the Kissimmee replaces Istokpoga Creek. The stabilized water level, especially the lack of prolonged low levels, has contributed to sediment accumulations over the former sandy bottom and has nearly stopped recruitment of cypress, leaving beautiful but aging specimen trees in stands along the southeast shore (Figure 11.8). Lake Istokpoga is experiencing problems of eutrophication (nutrient enrichment), though less severe than Okeechobee’s condition, described in the “Water Quality” section of this chapter.731

Taylor Creek, Nubbin Slough, and a few smaller drainages enter Okeechobee to the east of the Kissimmee. Although relatively short, Taylor Creek was once a beautiful stream, passing through cypress swamps and bordered here and there by upland oak forests. It entered the lake’s northernmost tip. After the railroad was extended to the town of Okeechobee in 1915, Taylor Creek became crammed with fish houses and docks for the lake’s commercial catfish industry. With considerable dry land in the vicinity, the cattle industry subsequently developed and later intensified with dairy feed lots, which contributed excessive phosphorus through Taylor Creek and nearby Nubbin Slough. Like other smaller tributaries, they now connect to a local rim canal outside of the Hoover Dike. In turn, the outside rim canal is connected through the dike to Lake Okeechobee through spillways, pump stations, and occasional boat locks.
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FIGURE 11.7 Lake Istokpoga and its historic “mini-Everglades” flow-way to Lake Okeechobee. The vegetation map is mostly based on Davis’ work in the early 1940s166 with modifications following Harshberger.335 Today, most of the flow-way is developed for agriculture, and the south end is crossed by Route 78, which is parallel to the Hoover Dike at the edge of Lake Okeechobee. The Brighton Indian Reservation of the Seminole Tribe (see Figure 11.2) covers some of the southern portion, and three major canals drain the region.





LAKE OKEECHOBEE’S DISCOVERY AND NAME

Lake Okeechobee was used by Native Americans long before the more recent arrival (early 1800s) of the Seminoles and Miccosukees, evidenced by older Indian mounds and relics. Early accounts of the lake by Europeans—using names such as “Sarrope,” “Mayaimi” (Calusa Indian name meaning “big water”) “Lake Mayaco,” or the Spanish “Laguna del Esperito Santo”—were highly varied and often fanciful. The lake’s inaccessibility—nearly surrounded by wetlands and without navigable outlets—obstructed explorers, and the few who got there only saw it from the surrounding low, flat terrain, devoid of elevated overlooks. An 1822 military account flatly denied the presence of a large inland lake,439 and an 1823 report by Charles Vignoles, an English engineer who had explored some of Florida’s interior and had described the Everglades said, “the much talked of Lake Mayaco, which like the fountain of youth has never yet been found” (although he did depict it on his map).820 Not until the “Seminole Wars” of the 1800s did the lake and its vicinity become known. The Seminole Indian’s Hitchiti language name “Okeechobee”—also meaning “big water” as did the earlier Calusa name—became established in 1837 during the Second Seminole War. The U.S. military pursued the Seminole Indians, who had earlier fled their homeland in Alabama and Georgia, into southern Florida, where—in the vicinity of the lake—sporadic confrontations raged for several decades. During the third and final Seminole War, the first accurate map of the lake and its vicinity was completed—the Ives Map of 1856 (see Figure 1.2).383
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FIGURE 11.8 Old bald cypress trees along the southeast shore of Lake Istokpoga, backed by a thunderstorm. The lack of recruiting young trees is obvious, the result of managed (stabilized) lake levels that minimize low-water periods required for seedlings to germinate and establish. (Photo by T. Lodge.)





ORIGIN OF LAKE OKEECHOBEE AND ITS BASIN

Lake Okeechobee’s roughly circular outline led some to think that it originated as a meteor crater. Evidence of a crater origin stops with the lake’s shape—nothing in the underlying sedimentary sequences supports that idea. Evidence indicates that a bedrock trough formed in South Florida’s interior by a relatively greater subsidence of thick underlying Miocene clays (which shrink as water is slowly squeezed out). The clays are in the Hawthorn Formation (see Figure 2.2), about 150 feet below the lake’s bottom, under the more recent marl and sand.86 This underlying sequence is in contrast to the more substantial limestone and sand deposits that developed closer to both South Florida coasts. The deepest spots of the bedrock trough—about a foot below sea level—are east of the lake’s center. The bedrock trough becomes shallower southeastward into what is now Water Conservation Area 1. To keep dimensions in perspective, if the Okeechobee basin were dry land, as it was more than 6,000 years ago, you would scarcely notice the depression: it would appear nearly flat.

An increasingly wet climate and rising sea level led to Okeechobee’s initial filling. Based on carbon-14 dating, the lake’s birth occurred just over 6,000 years ago. Peat deposits show that wetlands occupied parts of the youthful lake’s basin for about 2,000 years. Rising water eventually overtook most of the wetlands, leaving their peat soils in locations that are now in relatively deep, open water,402 except at the lake’s southern rim where the formation of peat soils kept pace with the lake’s development. More rainfall also meant greater flows from northern tributary rivers and streams, and with those flows came sand from the ancient beach ridges of central Florida. Sands then came to cover much of the bottom, burying some of the wetland peat deposits.

As the lake’s level increased, the Everglades rim to the south developed as a dam, retarding Okeechobee’s southward elongation in the trough.* The thickness of peat soils grew in response to hydration provided by the lake’s level, reaching a final thickness above the 7-foot-high bedrock of 13–14 feet, just south of the lake in the northernmost Everglades. Thus, Lake Okeechobee’s “biological dam” grew to a final elevation of 20–21 feet above sea level.303



THE PREDRAINAGE LAKE335,519,852

Prior to perimeter diking and water-level controls, Lake Okeechobee was larger and seasonally variable, able to expand outward over adjacent wetlands. A recent estimate of its historic aerial extent, based on a stage of 19 feet National Geodetic Vertical Datum (NGVD), is 752 square miles—about 50 square miles larger than today (see Table 11.1). The only inviting shoreline was a sandy beach adorned with cypress from the northern tip and around the lake’s northeastern quarter. Behind the cypress was a narrow, sandy ridge forested by oaks and palmettos, but behind the ridge were inhospitable sawgrass wetlands, making approaches to the lake difficult from land. The northeast quarter was probably the only “walkable” shoreline around the entire lake, but for a sandy beach on part of Observation Island in the southwest quarter of the lake. The low, flat, terrain, with its soft peat and muck soils around the rest of the lake, was seasonally flooded. Lawrence Will, a local resident recalling the early 1900s, said that normal high water extended the lake 5 or 6 miles on the west side. Sawgrass Everglades bordered much of the west and southwest, and cypress was scarce there. The southern to southeastern shore was yet another condition. It was bordered by a swamp dominated by pond apple trees, locally called “custard apple,” which are tolerant of deep flooding.† During rainy-season high water, lake overflows passed through this forest, which extended southward 2 or 3 miles, transitioning into a zone of willows and elderberry bushes and then into the sawgrass Everglades.‡

Numerous explorers tried to find navigable outlets from the lake. They found no southwestern outlet to the Caloosahatchee. The only recognizable outflow was seasonally over most of the southern shore. Interestingly, the outflow there was not uniform sheet flow, but was mostly channeled through what were called “dead rivers.” One account in the early 1880s recorded 17 such rivers leading out of the southern half of the lake. Eight of them were large enough to be investigated as possible navigable outlets, the largest described as nearly 300 feet wide and up to 10 feet deep near the lake. All of them became gradually shallower southward, and narrowed or divided into smaller streams that ended within a few miles, their flows spreading into pond apple, cypress, willow thickets, or sawgrass. Anything but biologically dead, accounts spoke to the excessive numbers of alligators and profusion of other wildlife, and the abundance of catfish in the lake has been ascribed to an important spawning and nursery function of these “dead-end” rivers and their adjacent wetlands.

Some of the rivers were named, such as the Ritta River (later to become the Miami Canal). It flowed south from a point near Ritta Island. The largest of the dead rivers became known as the “Democrat River,” its name derived from the second exploration party of the New Orleans Times-Democrat newspaper in late 1883. The river originated near the southernmost bay of Lake Okeechobee, and divided into branches that passed on the north and east sides of where the town of Belle Glade is today. The north branch flowed east several miles before dispersing into sawgrass. The other branch flowed south through the pond apple forest and finally into sawgrass. Using skiffs, the Times-Democrat expedition followed the south branch to its end. From there, they pushed and burned their way through the dense sawgrass of the northern Everglades, then even used sails through the sloughs of the central and southern Everglades, finally navigating through the Shark River to Whitewater Bay and the Gulf of Mexico. Their journey went a straight-line distance of 90 miles from the lake and took almost a month.


TABLE 11.1
Lake Okeechobee Surface Areas: Summary of Key Measures
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The historic condition of Lake Okeechobee allowed its potential sediments to settle in the adjacent wetlands. Hurricanes and perhaps lesser storms would entrain sediments accumulated during calm periods and carry them into the wetlands where slower flow and the lack of waves would allow settling among plant stems. This process did two important things. First, it prevented the accumulation of fine sediments in the lake, a condition that would eventually fill in the lake, reducing its open-water functions for fish and wildlife. Second, the fine sediments enriched the adjacent wetlands. It is known, for example, that the northern Everglades soils were substantially more desirable for agriculture than more distant soils—the result of inputs from the lake.747



BEGINNINGS OF THE MODERN LAKE: HAMILTON DISSTON AND THE STATE OF FLORIDA

The Calusa Indians, and possibly earlier Native American tribes, constructed small channels and numerous mounds in the vicinity of Lake Okeechobee (see Chapter 22). But the first modification of the lake that significantly affected its hydrology was initially finished in January 1883. The work was the project of Hamilton Disston, a wealthy Philadelphia saw manufacturer, contracted by the State of Florida to provide drainage for lands south of Orlando down to the Everglades. Disston’s initial focus involved the Kissimmee River’s Upper Chain of Lakes,* but he quickly realized that lowering Lake Okeechobee was the key to drainage. He determined that the easiest route (not the shortest—see Chapter 12, “St. Lucie” and “Loxahatchee River” sections) to relieve water levels in Okeechobee was westward through the Caloosahatchee. He connected the Caloosahatchee by excavating the Three-Mile Canal from the river’s headwater lake, Lake Hicpochee, to Lake Okeechobee. The canal connected to the lake on the south side of a large, distinctive bald cypress tree that could be seen from a mile or so out in the lake. Descriptively called the “flat-topped cypress,” and named “Lone Cypress” and “Sentinel Cypress,” it was used for decades as the only navigation marker to find the Caloosahatchee Canal from the lake, along the otherwise nearly featureless shoreline (Figure 11.9). Combined with its usefulness, the tree also became an object of controversy. A notch cut into the tree was used as a benchmark for lake stages. What was unappreciated for years was that the tree was supported in deep muck, which slowly subsided with the lake’s reduced water levels. Needless to say, the settling tree created confusion with “sliding” elevation data (see Elevation Surveys, NGVD, and NAVD at the end of this chapter). The tree still lives today—in a park on the canal’s edge in downtown Moore Haven (Figure 11.10). Lake Okeechobee’s open waters are now over 8 miles distant! A plaque using the name “Lone Cypress” commemorates the tree’s historic significance.67,331,389

Disston also excavated an 11-mile canal from the south shore of Okeechobee into the Everglades, with the intent of continuation. But unexpected harder rock and financial misfortune stopped his work in 1893. Despite some success—drained lands in the Kissimmee headwaters, improved navigation on the Kissimmee, and, of course, the marginally navigable connection to the Gulf of Mexico via the Caloosahatchee (see Chapter 12)—Lake Okeechobee itself was still largely “untamed.” The wet-season waters draining through the Kissimmee–Okeechobee system were so massive that seasonal flooding was extensive. In the vicinity of the lake, flooding may have been exacerbated by Disston’s work because the drainage connections in the upper river system would have shed water more rapidly into the Kissimmee, which, with the removal of numerous navigational obstructions, would have directed water to the lake faster.

In an effort to expand agriculture and land development, in 1913 the State of Florida undertook new flood control and navigation projects, mostly around the southern half of Lake Okeechobee. A dike of local muck soil was constructed there to prevent flooding of new agricultural fields and small urban areas. By 1917, four canals had been constructed to drain Okeechobee southward: the Miami Canal (extending Disston’s earlier effort), the North New River Canal to Ft. Lauderdale, the Hillsboro Canal to Deerfield Beach, and the West Palm Beach Canal. In 1926, the St. Lucie Canal was completed, although initially of minimal configuration, connecting Lake Okeechobee eastward to the Atlantic at Stuart. Reduced water levels and transportation provided by the canals spurred population growth until two major hurricanes—in 1926 and 1928—overwhelmed the canals and breached the soft, inadequate dike, causing extensive flooding both south and north of Okeechobee.
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FIGURE 11.9 The Lone Cypress on the edge of Lake Okeechobee on the north side of Disston’s 3-Mile Canal, c. 1900. Note that the lake beyond is open water, devoid of vegetation. (Copied from the 1921 Florida Standard Guide, p. 79.)
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FIGURE 11.10 The Lone Cypress as it appeared in late February 2003 in Moore Haven on the edge of the Caloosahatchee Canal. The view is in the same direction as shown in Figure 11.9 but a century later. The Hoover Dike is just over a half-mile northwest of the tree, and across the Lake Okeechobee’s modern littoral zone it is another 8 miles to open water. (Photo by T. Lodge.)





FEDERAL INVOLVEMENT: FROM THE OKEECHOBEE WATERWAY TO THE C&SF PROJECT197,792

As a result of the hurricanes of 1926 and especially 1928, flood control became a critical priority. The 1928 hurricane caused the Great Okeechobee Flood that killed upward of 2,500 people around Lake Okeechobee.320,853 Up to that time in U.S. history, flood control had been the responsibility of state governments, not the federal government. But it had become clear that flood control of the system that had been rather haphazardly created was beyond the means of the State of Florida, specifically its responsible entities, the Everglades Drainage District and the then-new Okeechobee Flood Control District. Coupled in the flood control dilemma was the new navigable route across the state—the interconnected Caloosahatchee River/Canal–Lake Okeechobee–St. Lucie Canal. Accordingly, the U.S. Congress was pressured to consider a federal flood control role as part of its navigation responsibility, already exercised for decades in the Caloosahatchee (see Chapter 12). This coupling of navigation with flood control was formalized in the Rivers and Harbors Act of 1930, and control of the waters of the navigation route became the responsibility of the U.S. Army Corps of Engineers—the reason why Lake Okeechobee’s water levels are controlled by, and the Okeechobee Waterway’s maintenance is done by, the Corps of Engineers, not the State of Florida.505,792

With federal money and the Corps of Engineers, control of Lake Okeechobee was greatly expanded in the 1930s. Among the improvements was construction of the huge levee—the Herbert Hoover Dike (Figure 11.11)—built of gravel, imported rock, local limestone, sand, and shell, not the soft materials of the earlier dike. It eventually encircled the entire lake, except at Fisheating Creek. There, the dike turned, leaving a 1.5-mile-wide gap to flank the sides of the creek’s floodplain westward for several miles. Inside the dike in the southern half of the lake, the Corps dredged a navigation channel, the “rim canal.” Small ships and barges could take the route diagonally across the lake (between Clewiston and the St. Lucie) or follow the more protected route along the south shore and rim canal (Figure 11.12). Additional improvements were made in the navigation route from the Atlantic to the Gulf of Mexico, and it was officially opened as the Okeechobee Waterway in 1937.
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FIGURE 11.11 Aerial view of the northeastern shore of Lake Okeechobee showing the Hoover Dike and local outside-the-dike rim canal. (Photo by T. Lodge.)
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FIGURE 11.12 Aerial view of Lake Okeechobee’s south shore at Lake Harbor. The lake’s horizon is seen curved, the result of a fisheye lens with intentional barrel distortion. In the foreground are agricultural fields, mostly sugarcane, of the Everglades Agricultural Area (EAA). The larger canal coming from the lake and curving to the left foreground is the north end of the Miami Canal, here in the original alignment of the former Ritta River, one of the “blind rivers” of the predrainage lake. The Miami Canal continues 70 miles to Biscayne Bay at downtown Miami. It is connected through Hoover Dike by Pump Station S3, which can move water from the canal back into the lake to help drain the EAA, and Structure S354, which can release water from the lake into the canal. The Hoover Dike here is paralleled by the inside rim canal, a protected navigation route around the south half of the lake, and by Highway U.S. 27 along the outside. The semi-island in the center is Ritta Island (see Figure 11.13), which was surrounded by water at the higher lake stages of predrainage times. (Photo courtesy of Patrick Lynch, South Florida Water Management District.)



In 1947, hurricanes again forced change. Following an unusually rainy wet season, a major hurricane arrived on September 17, drenching the northern Everglades. On October 11, a second hurricane progressed northward from the south end of the peninsula and exited to the Atlantic near Ft. Lauderdale, extending the flooding (see Figure 9.1). The entire greater Everglades was inundated—the Kissimmee valley to the southern Everglades. Exacerbated by flows from the Everglades via the North New River Canal, downtown Ft. Lauderdale’s streets and businesses were in deep water for weeks. Lake Okeechobee did not crest until November 2, 1947, because of delays in water flows through the Kissimmee River, which had not yet been canalized. The Hoover Dike, however, survived the waves and high water with little damage, but the regional flooding was intolerable.

Congress responded in 1948 by authorizing a massive plan, the Central and Southern Florida Project for Flood Control and Other Purposes (the C&SF Project; see Chapter 22) to provide new flood control infrastructure and to greatly modify the existing features—the system that is in place today. The modifications to Lake Okeechobee were (1) an increase in the integrity and size of the Hoover Dike; (2) channelization of the Kissimmee River, with the addition of levees, water control structures, and navigation locks; and (3) enlargement of the Caloosahatchee River/Canal and St. Lucie Canal for flood releases and improved navigation. The entire C&SF Project took several decades to complete, with Okeechobee’s modifications done by 1966. To say the least, the Lake Okeechobee that emerged bore little resemblance to its original ecological role and configuration as the hydrologic hub of the greater Everglades ecosystem (Figure 11.13).
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FIGURE 11.13 Maps and cross sections of historic Lake Okeechobee with its incoming river and creeks, blind-river outlets to the Everglades, and littoral zone contrasted to the present lake with its new littoral zone confined within the Hoover Dike. The present littoral zone developed in the shallower western part of the historic lake’s pelagic zone because of reduced water levels. The cross sections pass through the deepest point of the lake. They show high-water overflooding of the littoral zone, relatively greater in the present lake, and the recent accumulation of organic sediments in deeper water. (From Brooks, H.K. 1984. In Environments of South Florida: Present and Past II. Miami Geological Society, Miami, FL; Davis, John H., Jr. 1943. The Natural Features of Southern Florida, Especially the Vegetation, and the Everglades. The Florida Geological Survey, Geological Bulletin No. 25, Tallahassee, FL; Steinman, Alan D. et al. 2002. The past, present, and future hydrology and ecology of Lake Okeechobee and its watersheds. In: The Everglades, Florida Bay, and Coral Reefs of the Florida Keys: An Ecosystem Source Book. CRC Press, Boca Raton, FL; Will, Lawrence E. 1977. A Cracker History of Lake Okeechobee. The Glades Historical Society, Belle Glade, FL; USGS State of Florida map, scale 1:500,000, compiled 1966, 1967 edition.)





LAKE OKEECHOBEE’S WATER LEVELS: NATURE VERSUS REGULATION SCHEDULES AND THE HOOVER DIKE794

Since the 1930s, Lake Okeechobee’s water level, or stage, has been regulated in an effort to balance often conflicting goals: flood control, water supply (agricultural and urban), navigation, and more recently, habitat for fish and wildlife in the lake and ecologically beneficial salinity conditions in the estuaries. The main avenues for water releases to avoid high levels in the lake are the Caloosahatchee and St. Lucie Canals because of their relatively large capacities compared with the four canal outlets to the south. In anticipation of heavy rainfall, water is released to provide capacity for flood control. In anticipation of dry conditions, water is retained to provide for all dry-season uses.

Over the years, there have been numerous “regulation schedules,” which are rules that dictate how to operate structures around the lake in order to achieve desired lake stages. The schedules have become increasingly complex, taking advantage of better weather forecasting and models that better predict and control flows through the watershed, and a better understanding of ecological needs. The schedules target a certain range of water levels, expressed as lake surface elevations (stages) in feet NGVD (above mean sea level; see inset box: Elevation Surveys, NGVD, and NAVD). Schedules since 1973 are summarized in Table 11.2.

Strategies for controlling the lake’s level have recently been driven by findings that the Herbert Hoover Dike’s integrity is compromised. Extreme low water in 2001 and 2007 allowed the dike’s interior to dry, causing fine materials to shrink. Then, with high water, especially in 2003 through 2005, seepage through the dike—normally not a problem—followed openings caused by the drying. That facilitated “piping” through the dike and “boils” (upwellings along the outside base of the dike). Normally clear, the new seepage water was sometimes turbid, indicating that material was being eroded within the dike. The new schedule was developed to avoid high water levels for public safety. It is to be replaced after ongoing repairs are completed, possibly also to include system changes under state initiatives and Everglades restoration. No matter what schedule is followed, the actual water level is often controlled by nature. Too little rainfall causes lower than desired stages, and excessive rainfall can exceed the system capacity.


TABLE 11.2
Lake Okeechobee Regulation Schedules
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Lake Okeechobee’s water levels recorded since 1912 are shown in the hydrograph (Figure 11.14). It is easy to see that the desired range of the various regulation schedules since 1972 has often been exceeded. The hydrograph also shows the estimated, much higher historic range from the Natural System Model (NSM) and other data. In general agreement with the NSM, a Corps of Engineers’ report in 1913 established the wet season level at 20.6 feet NGVD, at which overflows to the Everglades occurred. Seasonal low stage was described as 19.2 feet.746 Since 1913, the lake has had an entirely different water-level regime with the construction of multiple canal outlets. Since the 1930s, the lake has been enclosed and its level regulated through canal outlets. A new littoral zone developed within the shallower lake, but confined within the lake’s dike it was unable to shift and adjust with changing water levels. With outflows confined to canals, the important historic functions as a wet-season source of evenly distributed sheet flow to the Everglades is gone. With it went the soil-building and enrichment process that made the northern Everglades so good for agriculture. Perhaps also important were occasional contributions to flows that shaped the Everglades flow-patterned landscape. In turn, ecologically damaging freshwater discharges to the estuaries have been an adverse outcome of the lake’s modifications, as occurred in January and through the spring of 2016. The latter El Niño-related high stages (over 16 feet, see hydrograph) forced the decision to make huge discharges, with attendant poor water quality, to the Caloosahatchee and St. Lucie estuaries.
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FIGURE 11.14 Lake Okeechobee hydrograph, April 1912 through February 2016, annotated with Natural System Model (NSM)-predicted historic lake levels, and ranges of historic and modern littoral zones (some corrections by the newer Natural System Regional Simulation Model). The elevation of old oak trees is significant because they do not tolerate prolonged flooding, thus must have been just above historic high lake stages. (Data sources: oak tree elevations courtesy of Dr. Paul Gray of the National Audubon Society; graphed stage data courtesy Tom MacVicar, MacVicar Consulting; other data from: Rivero, Rosanna G. et al. 2008. The Rise and Fall of Lake Okeechobee: Changes to the Lake Morphology from 1913 to Present Day (Abstract from 2008 Greater Everglades Ecosystem Restoration: Planning, Policy and Science Meeting. Naples, FL); Steinman, Alan D. et al. 2002. In The Everglades, Florida Bay, and Coral Reefs of the Florida Keys: An Ecosystem Source Book. CRC Press, Boca Raton, FL; U.S. Army Corps of Engineers and South Florida Water Management District. 1999. Central and Southern Florida Project Comprehensive Review Study Final Integrated Feasibility Report and programmatic Environmental Impact Statement. Final report, appendices, and ATLSS.)



The various water levels, from predrainage to modern times, have equated to large changes in the area covered by the lake’s surface (see Table 11.1).



VEGETATION AND WILDLIFE29

Understanding the ecology of Lake Okeechobee is hampered by the lack of studies of its historic condition. There are few published studies having to do with the lake’s biota or water quality prior to the 1980s.

The native plants and animals of Lake Okeechobee are mostly the same species as found in the Everglades. The differences come from those species that thrive in the lake because of the expanse of deeper, permanent, water. Submerged aquatic plants, migratory diving ducks, and a few larger fish species are prominent examples.

Limnologists—scientists who study lakes—divide lakes into zones that have different functions. The shallow, nearshore environment, where rooted plants grow to or above the surface, is called the littoral zone (preferred pronunciation is li’-te-ral, identical to the word “literal”). Littoral zones are essentially wetlands in appearance and function. Where plants protrude above the water is the emergent littoral zone, and where plants are submerged, often growing to the surface but not above, is the submerged aquatic vegetation or nearshore zone. The open-water area is the pelagic or limnetic zone, where water is deep enough that the bottom is rarely if ever exposed, and no rooted vegetation is present.


LITTORAL ZONE29,388,609,649,650

The modern littoral zone (Figure 11.15) is new in the lake’s history. The original littoral zone occupied all areas around the lake that were between 17 and 21 feet in elevation, based on what is known about predrainage water levels. Most extensive around the southern and western sides, the historic littoral zone—contiguous with the Everglades—was entirely excised by the construction of the Hoover Dike. The dike was constructed at the 15-foot elevation, close to the landward edge of the “new” littoral zone. Because of much lower water after 1917, the new littoral zone developed in the lake’s western shallows, which had previously been open water, too deep for littoral vegetation (see Figures 11.9 and 11.13).
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FIGURE 11.15 A view deep inside the littoral zone of Lake Okeechobee’s northwest side. Areas like this are highly valuable gamefish nursery habitat and support ducks, wading birds, and snail kites. (Photo by T. Lodge.)



The depth to which the littoral zone may extend depends on light penetration, so that in clearer water, rooted plants may prosper deeper. Because water clarity is reduced in the modern, nutrient-enriched conditions, the littoral zone is undoubtedly restricted to shallower water. The littoral zone of the modern lake occupies just over a quarter of the surface area (about 175 square miles) and is almost entirely confined to areas where the bottom is at or above 11 feet NGVD, so when the lake stage is at 15 feet, the littoral zone’s deeper edge is in 4 feet of water. The bottom in shallower parts of the littoral zone, where emergent vegetation is present, should be exposed almost annually due to seasonal variations in lake level. Deeper parts are exposed only in severe droughts, such as in 1981, 1989, and particularly 2001 and 2007, when the lake level reached record lows of just under 9 feet.

Common plants of the lake’s littoral zone are listed in Table 11.3. These species are not randomly distributed, but usually form distinct communities, named for their dominant plant species. Thirty different littoral zone communities have been named. Moving in a successional sequence from shallow, seasonally exposed lake bottom to deeper perennially flooded areas, examples are the following (with approximate square-mile extent as mapped in 1992):


	Willow community (16.5): Occupies shallow areas with peat soil, is dominated by coastalplain willow, but commonly contains buttonbush. Willows are important for wading-bird nests, and are killed by prolonged high water.


	Beakrush community (0.0): Dominated by Tracy’s beaksedge, occurring over sandy soils in shallow areas. Other plants included spikerush, camphorweed, and occasional clumps of sand cordgrass. An important community in the early 1970s (24.3 square miles), it was completely overtaken by other communities by 1991.


	Sawgrass community (4.6): Occurs over peat soils and usually also contains spike rush and pickerelweed interspersed with the dominant sawgrass. It is very similar to sawgrass marsh of the Everglades.


	Water lily community (4.8): Occupies deeper water and is dominated by white and/or yellow water lilies. It closely resembles the Everglades slough habitat.


	Bulrush community (4.6): A community not found in the Everglades (Figure 11.16). It typically occurs in still deeper water, near the littoral zone’s open-water edge where it is exposed to wave action. Species associated with bulrush are spikerush and submerged plants. This community is particularly important for gamefish.274 Bulrushes nearly disappeared in the lake due to high water during the mid and late 1990s but rebounded quickly following low water in 2001.


	Submerged community (47.7): Found in the deepest parts of the littoral zone. It is dominated by submerged aquatic plants, primarily American eelgrass, Illinois pondweed, and hydrilla, an invasive exotic species. Mirroring the changes in extent of the bulrushes, the submerged community (especially Illinois pondweed) responds to high and low water.




The littoral zone harbors some communities dominated by invasive exotic plants. Floating masses of water hyacinth have been common since the 1920s. Melaleuca encroached far out into the lake’s west side, advancing every time low water exposed bottom habitat where its seeds germinated. In 1992, melaleuca covered about 16.5 square miles of the littoral zone, but is now all but eradicated there. Hydrilla, mentioned previously, and torpedograss are more recent invaders. The latter spreads quickly by runners over the top of other floating-leaved vegetation, damaging wildlife values and obstructing shallow-water access for all watercraft except airboats.


TABLE 11.3
Ecologically Important Littoral Zone Plants of Lake Okeechobeea
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PELAGIC Zone30

The open-water or pelagic (or limnetic) zone does not have rooted plants, and primary productivity is provided by phytoplankton—microscopic plants suspended in the water. Despite their small size, they are grazed by some fishes and invertebrates such as clams that can filter them from the water. Contrary to what might be casually expected, Lake Okeechobee’s pelagic zone is not always homogeneous, but develops as many as four ecological subzones, recognized by water quality characteristics. They may be stable through several years when water levels are below normal, but disappear by mixing during extended high water. High water expands the plankton-dominated system into the littoral zones, often killing submerged littoral vegetation because of reduced light.


[image: images]

FIGURE 11.16 Bulrushes at the edge of Lake Okeechobee’s northwest littoral zone—highly valuable gamefish nursery habitat. (Photo courtesy of Charles Hanlon, South Florida Water Management District.)





FISHES6,29,98,119,255,331

Today, the fishes of Lake Okeechobee are a mix of strictly freshwater species and species that live part of their lives at sea, such as tarpon, snook, striped mullet, and Atlantic needlefish. It is improbable that these marine-related peripheral species occurred in the lake prior to access provided by canals. The route from marine waters through the Everglades was too long and too obstructed by the dense sawgrass of the northern Everglades for those species to reach the lake. Temporary exceptions may have occurred when extraordinary floods allowed schools of mullet, for example, to ascend to the lake, where they would be trapped and never reproduce. A study of the lake’s fishes conducted in the late 1960s5 documented 40 strictly freshwater species and 8 marine-related species. Today, about 15 exotic species, primarily from the aquarium trade, can be added. Most species occurring in the lake begin their lives in the protection of the littoral zone, which provides a highly important function to many game fish. Some small species, such as mosquitofish, live there for their entire lives, while others, such as the bluegill, occupy both littoral and limnetic areas, and still others, such as the channel catfish and threadfin shad, become mainly pelagic.

Lake Okeechobee has supported important fisheries, which continue today. Beginning in the first decade of the 1900s after the railroad reached Ft. Myers, the then-abundant catfish were netted or caught on lines and shipped throughout the southeast. Of three catfish species taken commercially, the channel catfish and the white catfish were the larger, regularly reaching 20 pounds and 5 pounds, respectively, with the largest channel cats weighing over 50 pounds. Sizes in today’s catches are considerably smaller, and dominated by the white catfish. Subsequent to the development of its commercial fishery, Lake Okeechobee has become widely recognized for sport fishing. The largemouth bass is the most prized, but huge numbers of black crappie and bluegills are also taken. There has been considerable friction between commercial fishermen using large nets, and sport fishermen, resulting in stiff regulation of commercial fishing. Despite Lake Okeechobee’s deteriorating water quality, commercial fishery catches have increased, apparently a response to greater lake productivity from nutrient enrichment (discussed in the “Water Quality” section).



OTHER WILDLIFE29,718

Other important wildlife species that utilize the lake include all of the wading birds that also use the Everglades, snail kites that find abundant applesnails in the lake’s littoral zone and use willow trees for nesting, and wintering ducks such as huge numbers of lesser scaups that use the lake’s pelagic zones. The largest wildlife species in the lake is the Florida manatee, which enters during warmer portions of the year and even travels far up the Kissimmee River. Like the marine fishes mentioned previously in the “Fishes” section, it can reach the lake through canals, moving through boat locks and under open flood control gates. It could not have occurred in the lake prior to the canal connections.



WATER QUALITY31,84,341,345,346,558,729,738,745,819,874

As in most Florida lakes and the Everglades, Lake Okeechobee’s limiting nutrient that controls plant growth was historically phosphorus, but has now switched to nitrogen (discussed later in this section). No phosphorus data exist for the lake prior to the first studies in the late 1960s. However, based on sediment data, it has been determined that the original waters contained much lower levels than today, the phosphorus concentration estimated to range between 20 and 30 parts per billion (ppb).317 This range is in contrast to the historic Everglades condition of about 10 ppb or less. The lake’s original condition would have been moderately eutrophic—a healthful condition conducive to the historically profitable fishery while also exhibiting fairly clear water, unlike the turbid condition existing today.

Phosphorus inputs into Lake Okeechobee increased greatly in the 1900s, primarily due to agriculture. Bottom core studies have shown that the rate of phosphorus accumulation into sediments increased about fourfold between pre-1910 and the 1980s. From the early 1970s to the late 1980s, averaged phosphorus concentrations in Lake Okeechobee’s pelagic waters doubled to about 100 ppb. The trend then became erratic, although the longer term shows a continued increase, but with possible leveling since about 2010 (Figure 11.17). The ability of the lake to assimilate phosphorus was overwhelmed by the early 1990s. During normal water levels, the littoral zone water remains clear and low in nutrients, a result of restricted water movement between the pelagic and littoral zones due to the dense littoral vegetation and nutrient uptake by the vegetation. However, when water levels are very high, the impaired pelagic water quality enters the littoral zone. In addition, the hurricanes of 2004 and 2005 entrained the lake’s enriched sediments, spiking phosphorus to levels never before seen. Subsequent settling to the previous elevated trend is shown in the downturn in the 3-year moving average after 2007. The lake’s pelagic area is now described as being in an “advanced eutrophic” condition, discussed in the following paragraphs.

Increased nutrients have promoted the growth of phytoplankton—microscopic plants (many classified as algae) that live suspended in the water. With more abundant phytoplankton, light is attenuated as it passes through the lake’s water, obscuring vision commonly to less than 2 feet and sometimes to only a few inches—a condition called an algal bloom. The enrichment has promoted a disproportionate increase in phytoplankton belonging to the group called cyanobacteria, or “blue-green algae” in older literature. Abundant cyanobacteria are often recognizable because of a thick surface scum caused by their production of gas. Between 1974 and 1989, the proportion of cyanobacteria more than doubled, from 28% to about 65% of the total phytoplankton. Accordingly, phytoplankton indicative of a more balanced ecosystem was reduced, including green algae and diatoms. The explanation is that phosphorus is no longer the limiting nutrient in Lake Okeechobee-it has switched to nitrogen. Under nitrogen-limiting conditions, cyanobacteria have an advantage over other phytoplankton because they fix nitrogen from nitrogen gas dissolved in the water into combined nitrogen forms that can be used in their growth. Thus, the enriched phosphorus condition promotes a relatively greater growth of cyanobacteria.

Other indications of the enriched condition are in the lake’s bottom-dwelling or benthic invertebrates. In addition to clams and small crustaceans, important organisms that thrive in bottom sediments are small worms—oligochaetes—related to earthworms. There has been a significant increase in oligochaetes of the particular kinds known to tolerate polluted conditions where dissolved oxygen is low in the sediments and bottom waters. In fact, it is the accumulation of phosphorus in flocculent bottom sediments that is a major concern to our ability to reverse the lake’s condition.
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FIGURE 11.17 Lake Okeechobee’s increasing phosphorus concentration: 1973–2015. The blue points are monthly data for total phosphorus, averaged from five sampling stations. The orange line is a 3-year moving average (each location on the line is the average of the preceding 3 years, which helps smooth variations into a more understandable form). The straight line is linear regression of the entire phosphorus data set to give a best approximation of the trend for the entire period shown. The great variation of individual data points is due to rainy versus dry periods and to windy versus calm weather. The excessively high readings and elevated 3-year moving average is the result of re-entrained sediments by the hurricanes of 2004 and 2005. Turning this trend around to head back toward the goal of 40 parts per billion (in-lake concentration) is the focus of ongoing restoration efforts. The 3-year moving average has shown recovery from the hurricanes but lacks a convincing trend toward the goal. (Note: SFWMD uses a 5-year moving average to determine recovery.) (Graphic courtesy of R. Thomas James, South Florida Water Management District.)



Loadings of total phosphorus and total nitrogen to Lake Okeechobee are summarized in Figure 11.18. Nearly all the phosphorus and nitrogen loadings to the lake are from the north (Fisheating Creek, Lake Istokpoga, the Kissimmee watershed, and Taylor Creek/Nubbin Slough). Very little now comes from the EAA and urban centers on the south rim of Lake Okeechobee, via backpumping, which was a major concern prior to the 1990s. Better nutrient controls are now in place for the EAA. Of minor concern, when the lake stage is very low, small nutrient contributions come from occasional backflows from the east (mostly from the St. Lucie Canal) and from the west (mostly from the Caloosahatchee). The estimated annual atmospheric input is considerably larger.

Fishery production has not yet been reduced by the enriched condition, although it has often damaged sport fishing by reduced water clarity, and periods of extended high water have damaged fish populations by disrupting the littoral zone. It is predicted, however, that more enrichment would likely cause periodic reductions in dissolved oxygen, a condition caused by too much oxygen demand by phytoplankton—at night and on cloudy days when light-induced photosynthesis does not produce a net excess of oxygen. Depressed dissolved oxygen is the most common cause of fish kills, but Lake Okeechobee is so large and shallow that surface aeration and mixing will likely protect it from anoxic conditions. However, the lake will experience increased algal blooms and damage to the littoral zone and its important nursery functions for fish. Another large Florida lake—Lake Apopka—underwent such a fishery collapse much earlier, as a result of similar circumstances.680
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FIGURE 11.18 Phosphorus (a) and nitrogen (b) loads incoming to Lake Okeechobee. Figures are in metric tons per year (1 metric ton = 2,200 pounds) rounded to whole numbers, and percentages are shown for the largest watershed loads. Water years are from May 1 through April 30 of the indicated year. Phosphorus loads are overwhelmingly from the northern watersheds, with the baseline period (1996–2010) contributing 84% and water-year 2015 contributing 87% of a significantly lower total tonnage. For nitrogen, estimated atmospheric sources (crudely determined from total nitrogen/total phosphorus ratios in rainfall samples) were dominant in the baseline period. See text for other details. (Graphic courtesy of R. Thomas James, South Florida Water Management District.)



There are extensive ongoing and planned improvements aimed at correcting Lake Okeechobee’s condition. Best management practices (BMPs) have been promoted and used to clean up agricultural operations. The results have been encouraging. A phosphorus “loading” target of 100 metric tons of phosphorus per year from tributary streams has been established for the lake. It is called a total maximum “daily” load (TMDL), yet is an annualized value. This loading is based on average tributary inflows achieving a phosphorus concentration of 50 ppb, and the lake’s calculated ability to assimilate phosphorus.805 The ultimate goal is to return the lake’s phosphorus loading to 140 metric tons per year so that the average phosphorus concentration will fall to 40 ppb (see Figure 11.17), which should preserve the ecological health of the lake. However, even if the inflow-loading goal is achieved, attaining the 40 ppb goal within the lake will require time—calculations range from 35 to over 200 years—primarily because abundant phosphorus now resides in the flocculent layer lying over the natural, denser bottom sediments. Accumulated in recent decades, the total depth of this soft, black, organic, and nutrient-rich sediment has reached 30 inches in the lake’s deeper areas.402 Every time wind-driven currents resuspend the upper part of this layer—essentially a phosphorus reservoir—it contributes phosphorus to the overlying water, promoting objectionable phytoplankton. Sediment removal has been shown to be impractical. Also, for the past 30 years, the inflow loading has averaged in the range of 400–500 tons per year, a condition that continues far above the 100-ton target. Nevertheless, extensive phosphorus controls are ongoing under state initiatives, and additional improvements are planned as part of the Comprehensive Everglades Restoration Plan (CERP; see Chapter 22), giving many people optimism that the deterioration can be stopped and the lake improved.874




SUMMARY AND CONCLUSIONS

Lake Okeechobee and its watershed lakes and wetlands historically stored vast amounts of water from rainfall in the south-central Florida interior, south of Orlando. Most of this water was carried southward by the lake’s largest tributary, the Kissimmee River. The lake annually spilled into the Everglades, adding substantial water flow and hydroperiod to the already flooded ecosystem. With this function, Lake Okeechobee was the hydrologic hub of the South Florida ecosystem. Today, that function has been curtailed by flood control projects through the Kissimmee watershed and diversion of Okeechobee’s waters to the coasts, often in ecologically damaging heavy flows to the St. Lucie and Caloosahatchee, and altered flows to other coastal ecosystems (see Chapter 12). Containment of the lake by the Hoover Dike and water control has constrained the important littoral zone to the smaller lake, unable to move outward in response to changing water levels. Since about 1970, nutrient enrichment, mostly from agriculture, has changed the lake’s chemistry and threatened its biological functions. Nutrient enrichment was exacerbated by canalization of, and levees along, the Kissimmee River, and by the Hoover Dike. These modifications have served to retain entrained sediments in the river and lake rather than allowing them to exit and settle in the larger, natural wetlands and littoral zone, including the northern Everglades. The phosphorus load now embodied in lake sediments (greatly resuspended by the hurricanes of 2004 and 2005) may require centuries to assimilate, and unless loading of phosphorus from the watershed is substantially reduced, the internal recycling will never decline. Clearly, ongoing and planned phosphorus reductions and improved watershed storage are critical to improving the lake’s health. In the end, the ability to provide flood control and water supply without (1) impairing the ecology of Lake Okeechobee and (2) damaging the Caloosahatchee, St. Lucie, and other estuaries, is essentially hopeless without implementing expansions under CERP and CEPP (Central Everglades Planning Process, see Chapter 22) for moving much more treated water out of the lake and south to the Everglades.



ELEVATION SURVEYS, NGVD, AND NAVD

Water-level determinations on Lake Okeechobee, relative to sea level, were first attempted in the 1880s in a survey from the Gulf Coast following the Caloosahatchee to the lake, establishing a reference to sea level called the Punta Rassa Datum. To provide for navigation, it was important to know the lake “stage” (water elevation) as well as the difference in water elevation between the lake and tidal waters. That initial survey established a benchmark (elevation reference marker) in a notch cut into a buttressed root in the famous “Lone Cypress,” then near the lake’s open water (see Figures 11.9 and 11.10). Later surveys found errors in that benchmark elevation. Part of the problem involved running elevations on peat soils, which are unstable and move even in response to surveyors’ footsteps. In addition, the Lone Cypress itself settled by at least a foot after establishing the benchmark due to subsidence of the muck soil around the tree. Needless to say, the lake stages determined by early surveys were inaccurately referenced.389

The first accurate survey for water elevations on Lake Okeechobee was conducted following the 1924 completion of Conners Highway (now U.S. 98), the first paved road from the east coast to the lake. Using the highway as a stable platform from West Palm Beach to Canal Point, the survey determined the lake’s elevation relative to sea level on the Atlantic Coast. Shortly thereafter, a national standard (datum) was developed, initially called Sea Level Datum of 1929. Later changed to NGVD29 (National Geodetic Vertical Datum, widely abbreviated as NGVD), it was an elevation scale based on mean sea level in 1929 as zero elevation. Twenty-six locations (stations) were used around the coastline of the United States and Canada in that effort. Elevations in this book are referenced to NGVD. After the Conners Highway survey was corrected to the NGVD, it was shown that the earlier “Okeechobee datum” was about a foot and a half higher than the NGVD-based elevations. For a discussion of this history, see pages 195–198 of Lamar Johnson’s Beyond the Fourth Generation.389

NGVD was a great improvement, but as more data became available, as well as computers to handle huge data sets, there was a movement to modernize the system and a new datum was born. Called the North American Vertical Datum or NAVD88, it incorporates Mexico and Canada and was actually completed in 1991. NAVD88 ties all North American elevations to a single tidal record at Quebec, Canada, which is then used to establish elevations throughout the geographic area using theoretical geometry for the earth’s shape—not the network of 26 tidal records used for NGVD. It lowered most Florida elevations by 8–18 inches, depending on location. For example, a tree island elevation of 8 feet NGVD in the Everglades changed to 6.5 feet NAVD88. Most of the change is due to the different geometry used. Only a portion is from the rise in sea level. One should be aware that NGVD and NAVD are merely standards, and do not necessarily reflect actual nearby mean sea level, which may be affected by (1) local and regional influences on tides, such as winds, currents, and landform effects; and (2) the long-term changing sea level (see Chapter 10). In evaluating changes of land or water levels over a period of time, it is not important what standard (datum) is used, so long as all of the data are corrected to the same standard. Bottom line: the reader should be aware that the various elevations, especially those in older literature, are not necessarily referenced to the same datum, and should be researched carefully to establish their relationship to NGVD (still widely used for the sake of continuity in continuous records such as water levels of Lake Okeechobee) or the newer NAVD88.


* The main sources for this chapter are References 29, 32, 86, 331, 341, 343, 394, 746, 764, and 852.

† The area presented here is for the modern lake at a stage of 15 feet and 697 square miles, rounded to 700 square miles. Conflicting lake areas abound in the literature and are presented in Table 11.2.

‡ With the Hoover Dike completed around the southern half of the lake by 1937, replacing a former muck dike that was breached in 1926 and 1928 by hurricane floods, gated outlets regulated the lake’s water level. Thus, overflows to the Everglades had been greatly modified from the historic condition prior to 1947. That year is merely used as an example of extreme flows (see Introductions: “Recollections” by Taylor Alexander).

§ Direct rainfall on the lake contributes just over half the water, which may seem disproportionate because the watershed is 4,000 square miles and the lake is only 700 square miles. However, the inflows from tributary streams are what remain after evapotranspiration and percolation into groundwater have removed about 70% of the watershed’s rainfall. Evaporation from the lake’s open water and evapotranspiration from its littoral zone are excessive, substantially exceeding direct rainfall, so that “atmospheric input” to the lake is negative (evapotranspiration exceeds rainfall), making the lake dependent on the watershed—that is, it would often be empty without the watershed input.

* Many readers might prefer the more common word “channelization.” In the case of the Kissimmee, the distinction is important. The river was not simply modified for a navigation channel, as in “channelization.” It was literally obliterated and replaced with a canal, a distinction also relevant to most of the Caloosahatchee (see Chapter 12).

* The Indian Prairie was formerly known as “Flathlopopkahatchee,” a Seminole Indian name.166,335

* Peat soils of Everglades origin form the bottom of Lake Okeechobee’s south end, indicating that the lake did overtake some of the northern Everglades, probably by storm waves that eroded shoreline plant communities.30

† See footnote regarding name confusion in Table 4.1.

‡ The 1943 vegetation mapping by Davis166 somewhat over estimated the original extent of this swamp forest (see Figure 1.13). It was largely gone by Davis’ time and he tried to recreate its historic coverage. Recent research has shown that it was narrower, and absent along much of the southwest lake shore.519

§ Disston also made many interconnections among the Kissimmee Upper Chain of Lakes and excavated one connection into the St. Johns River system. Called the Disston Canal, it ran from Lake Mary Jane northeasterly to the Econlockhatchee River, a tributary of the St. Johns River. Its degraded channel is still present today but is of negligible consequence as a watershed connection.331,458




13 Origins of the Flora and Fauna*

The preceding chapters have detailed many aspects of the flora in the context of plant communities and environments of the region. Little mention has been made of the region’s animal life—the fauna. This chapter explores the biogeographic origins of the flora and fauna. Subsequent chapters deal with specific animal groups.

Before mankind emerged as a travel agent for a myriad of species, ranging from the Norway rat and Asian carp to Brazilian pepper and Australian pine, flora and fauna depended on natural means of dispersal for colonizing new regions. Biologically, South Florida is a “new land” because of its history of alternating submergence and emergence, and because of its major changes in climate, both of which have eradicated many species of plants and animals through the glacial cycles. The important factors that determined the region’s “new” flora and fauna were its geographic setting at the edge of the tropics, from which it is isolated by water, and its land connection by a long peninsula to temperate North America. The flora and fauna present when Columbus arrived in what he called the New World (the Western Hemisphere) had arrived in the region by their own modes of dispersal,† and had succeeded based on their tolerance of the climate, the habitats, competition, and numerous other factors.


TROPICAL VERSUS SUBTROPICAL143,774

The climate of southern Florida is presented in Chapter 1. In spite of other climatic labels, the tropical climate in southern Florida is demonstrated by the vegetation. The mangrove swamps and upland hammocks of the extreme southern Florida mainland support a prevalence of plants derived from the Caribbean tropics. The climate for these tropical representatives is significantly better near the coast, where the Florida Current and coastal marine waters contribute protective warmth. It is this maritime influence that has extended the climate for tropical plants north of the Tropic of Cancer, which is normally the defined northward limit of the tropics. Inland, or coastally only a few miles north of the latitude of Miami, tropical plants are commonly killed or pruned to a low stature by cold weather (see Figure 1.5). So, it is useful to distinguish the climate of those more northerly areas as subtropical based on vegetation. The short difference between Miami and Ft. Lauderdale, only 25 miles, shows a marked difference in survival of many tropical plants.

The marine environment on the Atlantic side of the Florida Keys and northward beyond Ft. Lauderdale is obviously tropical, evidenced by the prevalence of reef-building corals. Inshore waters of southern Florida, however, are not tropical. Cold fronts can blast through southern Florida and plunge temperatures from the mid-70s (°F) one day to freezing the next. Notable freezes that killed many tropical plants, as well as tropical marine fishes trapped in shallow inshore waters, occurred in 1886, 1894, 1895, 1899, 1901, 1905, 1917, 1934, 1940, 1957, 1958, 1962, 1971, 1977, 1983, 1985, 1989, and 2010. Damaging frosts recur about every other year.354,822,863

The warm maritime effect is demonstrated in the distribution of native tropical trees. As an example of extreme cold sensitivity, the manchineel (Hippomane mancinella), renowned for its poisonous fruit, thrives in the Florida Keys but only in highly protected locations on the southernmost mainland. Two abundant tropical species in Everglades National Park (see Table 5.1) and adjacent areas, the wild tamarind and West Indian mahogany, become unusual only as far north as Ft. Lauderdale. The least sensitive tropical trees, such as pigeon plum, gumbo-limbo, and strangler fig, are abundant at the latitude of Miami but become dwarfed northward and restricted to the immediate coast. Some individuals of these species are found as far north as Cape Canaveral on Florida’s east coast and Tampa Bay on the west coast, far out of the range of most tropical species (see Figure 1.5). The varying sensitivity of tropical plants to cold is the factor that determines their northern limits, and a northward restriction to the coast is the standard pattern of their distribution.



ELEMENTS OF THE FLORA469,614

During the relatively recent glaciation, when the Florida peninsula was cooler and drier than today, a temperate flora thrived. The tropical flora has only invaded the region in the last 6,000 years. The warming trend following the last glacial period had apparently progressed enough by then that the climate resembled that of today, and a tropical flora began to flourish.

Speaking only of native “vascular plants” (those with roots and stems, as opposed to algae and fungi), about 1,430 species have been recorded south of the latitude of Lake Okeechobee. Just over 60% of these are allied to the tropics, with about 56% occurring elsewhere in the Caribbean region. The remaining 40% of southern Florida’s vascular flora is composed of temperate species derived mostly from the coastal plain of the southeastern states. Within this overall flora, there is a significant number of endemic plants, that is, species found in Florida, which have evolved there due to isolation (see Chapter 6). They compose about 9% of the flora of the region, and their distant origin is a mix of temperate and tropical sources.*

Other interesting statistics are that 65% of the flora is herbaceous, and 35% is woody, namely, trees and shrubs. Among the herbaceous species, about half are tropical, but among the woody species about 77% are tropical.469 Thus, the strongest tropical heritage resides among the woody species, and among them this heritage is most pronounced in the larger stature species: the trees. There are 130 species of trees in southern Florida, and 112 of them (87.5%) are related to the Caribbean tropics. The remaining 12.5% are from temperate North America.774



ORIGIN OF THE TROPICAL FLORA289,469,470,774

How did tropical plants get to southern Florida? Three modes of dispersal account for the distribution of most plants: their seeds or spores are transported by wind, water, or animals. Dispersal by animals across water is nearly always by birds.


TREES587,774

Almost all of the tropical trees that occur naturally in southern Florida are also found in the West Indies.† Most species occur in hardwood hammocks, and only a few in mangrove swamps (four species including buttonwood) and freshwater wetlands (two species). Seeds of the hammock species are commonly carried by birds; thus, migrating birds, eating seeds while in the tropics and then releasing them in droppings in Florida, have probably accounted for the arrival of many tropical trees. The white-crowned pigeon, for example, is a prolific disperser of tropical seeds throughout the West Indies and southern Florida, documented to carry the seeds of over 20 tropical hammock tree species.46,658 West Indian mahogany, however, is an example of a wind-dispersed species, having winged seeds.
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FIGURE 13.1 A pond apple fruit, nearly four inches high, at the Anhinga Trail, Everglades National Park. The pond apple tree, so named because it thrives in wetlands and often at the edge of open water, is tropical in affinity (see text). The fruit, which floats and contains many flat seeds, is eaten by mammals such as raccoons. The author observed a Florida red-bellied turtle’s futile attempt to eat one, which bounced away from the impact of each snap. Humans find it unpalatable. Floating fruits, with probable assistance by mammalian herbivores, can account for dispersal through freshwater wetlands, lakes, and rivers. (Photo by T. Lodge.)



The mangroves, as well as many other coastal wetland plants, have floating seeds and obviously were dispersed to Florida via ocean currents. The two tropical trees of freshwater wetlands—pond apple and cocoplum—are an interesting biogeographic problem (Figure 13.1). Both occur in tropical West Africa and tropical America, including the West Indies. Both have fruits that are eaten by animals, and birds probably accounted for their dispersal to Florida, perhaps from Cuba. Nevertheless, their occurrence on both sides of the Atlantic is puzzling—far outside the range of reasonable dispersal by floating seeds or by migrating birds.



PALMS774,867,877

Palms are universally recognized as being tropically related, yet many species are adapted to warm-temperate climates. Worldwide, there are about 2,600 species. Many do not reach tree stature, and all have an internal structure (like grasses and other monocotyledonous plants) that do not produce growth rings as do typical trees so that their age cannot be easily determined. Probably the most widely recognized species is the coconut palm, which is not native to southern Florida although it has been here for centuries. Most palms produce small fruits that are eaten and dispersed by birds and mammals.

Eleven palm species* are native to Florida, three of which are mostly restricted to central and northern areas. Eight occur in southern Florida, with four of these limited to rocky pinelands and the Florida keys—two known to be dispersed by the white-crowned pigeon.46 Thus, only four species occur in Everglades habitats, namely, the royal palm, cabbage palm, saw palmetto, and paurotis or Everglades palm (Acoelorraphe wrightii). The three former species are described in Chapters 5 and 6 (hammocks and pinelands). The paurotis palm reaches heights of 30 feet and grows with numerous, clustered stems. This aspect and its fan-shaped leaves make it popular as an ornamental landscape plant, but its cold sensitivity restricts it to the southern peninsula. In the wild, it naturally adorns many southern Everglades tree islands where it is typically conspicuous, growing at the edge next to the marsh or open water. The cabbage (or sabal) palm (see Figure 4.1), the state tree of both Florida and South Carolina, is unique in its occurrence in many habitats and also common as a landscape plant throughout the state and into the southeast. Its seeds are dispersed by raccoons and other animals. In very moist locations, it is often a host for the whisk-fern (Psilotum nudum), an ancient vascular plant, as well as other epiphytes.



EPIPHYTES

Another prominent feature of the tropical vegetation of the region is the abundance of plants that grow upon other plants: the epiphytes. Although some parasitic plants live in the region, epiphytes are not parasitic by definition, and are wind-dispersed. The region’s major epiphytes are ferns, bromeliads, and orchids.


Ferns424,564

Numerous types of ferns also grow as epiphytes, particularly in very damp locations. Of about 100 species of ferns found in Florida, almost 60 are tropical species and are limited to southern Florida. In contrast to bromeliads and orchids, which generally occupy fairly well-lit sites, ferns abound even in the dense forest shade. They grow on trees with rough bark, dead logs, or rocky walls of solution holes (see Chapter 5). The golden polypody or serpent fern (Phlebodium aureum), a common tropical species in the Everglades region and central Florida, normally grows on the trunks of cabbage palms. Ferns reproduce by spores, which are technically not seeds but serve the same purpose and are wind-blown.



Bromeliads867

South Florida’s most obvious epiphytes, the bromeliads (often called “air plants”), are relatives of the pineapple. All native bromeliads are normally epiphytic, but they may grow on the ground if they happen to fall. Due to its widespread occurrence in the South, the best-known species is Spanish moss (Tillandsia usneoides), which has an unusual growth form. Most other species resemble the top, leafy part of a pineapple; however, close inspection of Spanish moss reveals that it is a “string” of small plants attached by a stem. Spanish moss is not tropical and is more common farther north in Florida with its range extending as far north as Virginia. Most of Florida’s 15 other bromeliads are tropical, are restricted to southern Florida, and their seeds are distributed by the wind. A spectacular and common species in the Everglades region is the large cardinal airplant (Tillandsia fasciculata) (Figure 13.2). Its leaves may exceed 3 feet long (although usually half that) and its small flowers are enclosed by conspicuous, attractive bracts that are usually bright red but variable in color. It blooms from January through the summer.



Orchids94,478

Less obvious epiphytes unless they are in bloom, are the orchids. There are about 20,000 species of orchids worldwide. They occur in both tropical and temperate climates. By far the greatest diversity of species occurs in the tropics where most are epiphytic; temperate orchids are mostly terrestrial. Florida harbors about 100 types of orchids; temperate, mostly terrestrial species are predominate in northern Florida and tropical species (many of which are epiphytes) are predominate in southern Florida. The most common epiphytic orchid in the region is the beautiful butterfly orchid (Encyclia tampensis) (Figure 13.3), a tropical species that blooms primarily in the late spring and early summer.
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FIGURE 13.2 Cardinal airplant in flower at the Anhinga Trail, Everglades National Park, April 2010. (Photo by T. Lodge.)



Orchids are best known for their spectacular flowers. The vegetative parts of many species are rather small, and often go unnoticed. Intricate flowers usually indicate specialized means of pollination, and the degree to which many orchids have evolved in their means of pollination is amazing. This specialization, which usually employs specific insect pollinators, is most developed in tropical species and has undoubtedly prevented many from becoming established in southern Florida. Because distribution of the tiny orchid seeds is by wind, they may be able to reach South Florida from the nearby islands of the West Indies, germinate, and grow into mature orchids. The problem is pollination: such specialized species cannot reproduce without the necessary pollinators. As a result, most of the tropical orchids of the region are types that are normally capable of self-pollination. While southern Florida does have numerous tropical orchids (about 60 species are shared with Cuba), many more could have established if the proper pollinators were present.




MARINE FLORA470,761,867

All of southern Florida’s marine flora reached the region from the West Indies on ocean currents. Although many species of tropical algae occur, only six species of truly marine grasses are found, the most prominent being turtlegrass, followed by shoalweed and manateegrass (Table 13.1). The brief pulses of cold air that invade the Florida peninsula in winter have little effect on the marine flora, except for low-tide exposures. In fact, tropical marine species extend much farther north than the tropical land vegetation, some even reaching the coast of North Carolina.



HURRICANES AND DISPERSAL

The violent, destructive impacts of hurricanes were discussed in Chapter 9, but hurricanes (and tropical storms) also assist in the inland transport of floating seeds on storm surges, as well as carrying airborne seeds. The cyclonic motion makes any hurricane that enters the Straits of Florida a potential carrier of airborne seeds from Cuba and the Bahamas to southern Florida. Hurricane Inez (October 1966) was a good example. The eye crossed Cuba from the Caribbean into the Straits of Florida and moved northeastward to a stopping point in the Bahamas just east of Miami. Of minimal hurricane strength at that point, it reversed direction and followed the Florida Keys into the Gulf of Mexico. Its particular track and lingering residence time was nearly ideal for carrying airborne seeds from Cuba and the Bahamas to Florida.
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FIGURE 13.3 Butterfly orchid in bloom in the mangroves along West Lake boardwalk, Everglades National Park, June 1997. (Photo by T. Lodge.)





PROXIMITY AND DISPERSAL469,774

The success of wind-blown dispersal in particular is dependent upon the proximity of land masses. It is evident that South Florida and the West Indies have been close enough during the past 6,000 years to facilitate the influx of tropical plants. Before that time, southern Florida was too cold to have supported sensitive tropical plants. During earlier, warm interglacial periods, the southern tip of the Florida peninsula may have been so far north that dispersal of tropical plants to Florida from the West Indies may have been more restricted. At those times, the continued existence of many tropical plants that had become established in Florida would have depended on their local reproduction because reseeding would have been limited. Modern sea level and climate may be special, transient conditions for Florida. If the sea level continues rising (see Chapter 10), the shoreline of Florida will continue to retreat northward, perhaps again out of the reach of natural colonization by many tropical plants.


TABLE 13.1
Native, Rooted Marine, and Estuarine Plants of South Florida
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ORIGIN OF THE TEMPERATE FLORA289,469,470,774

While much interest in the Everglades region is focused on tropical vegetation, the plants that originated in temperate North America also lend character to the ecology of the area. They are particularly important in freshwater wetland communities of the region, including the lower-elevation pinelands, wetland tree islands, and marshes.



TREES

The temperate trees of southern Florida dispersed southward into the region by a variety of means. Bald and pond cypress have floating seeds, which enables them to spread through freshwater wetlands and streams. Southern red maple, Carolina or pop ash, and coastal plain willow have wind-blown seeds. Other species, such as Virginia live oak, sweet bay, and swamp bay have fruits and seeds that are dispersed by mammals and birds. Oaks are regularly dispersed by squirrels; the reason that the live oak is widespread on contiguous uplands of the mainland but rare on tree islands in Everglades marshes, even where elevations would support them: squirrels don’t swim! Sweet bay and swamp bay, however, are common on tree islands, the result of dispersal by birds.



MARSH VEGETATION

The seeds of most marsh plants are dispersed both by wind and by floating on water. The plants of the Everglades itself—the freshwater marshes—are mostly temperate. However, many of the marsh plants do not have a pronounced tropical or temperate affinity. Sawgrass, the most abundant plant of the Everglades, occurs from Virginia to Florida as well as in tropical areas of Central America and on the islands of the West Indies. Marsh plants, mostly grasses and similar herbaceous (nonwoody) species, are adapted to regular adverse conditions that may kill their top portions. Cold weather, drought, and fire are periodic rigors of the interior freshwater marshes from which the vegetation normally recovers by regrowth from the roots, which are protected in the soil. This ability to “escape” adverse conditions allows a great many herbaceous plants to be distributed across the tropical/temperate boundaries so important to woody and epiphytic plants. Thus, southern Florida has an intriguing mix of native temperate flora that has been naturally “invaded” in recent time by a great many tropical species due to unique and transitory circumstances of geography and climate.




ORIGINS OF THE FAUNA216,480,563,838

The mobility of animal life makes it impractical to define species as “tropical” or “temperate” based on tolerance of cold weather. The actual freezing point is less important for animals than it is for most plants, because many can avoid exposure to adverse temperatures by seeking some form of shelter.* In this respect, animals are like the marsh plants discussed previously. Nevertheless, patterns of distribution of individual species, or of groups of related species such as genera or families, make it possible to determine most origins.

The distributions and relationships of the native animals in southern Florida show that the terrestrial and freshwater species are almost completely of temperate North American origin. However, fossil evidence shows that Florida has been invaded by South American land animals several times over the past 3 million years, since the land bridge through Central America came into existence, only to perish during times of cooler, drier climate. In today’s native fauna, forms that can disperse through the air (flying or drifting) show a mixture of origins. Some are from the tropics, but most are of temperate origin, except for the isolated islands of the Florida Keys where, among spiders for example, tropical species predominate. Only the marine animal life of the region has a strong overall, natural tropical heritage.

Beginning with invertebrates and continuing with fishes, amphibians, reptiles, mammals, and birds, origins of South Florida’s fauna, as well as the rolls played by these animals in the ecosystem, are revealed in the following chapters. While the biogeographic approach is useful for organizing knowledge, it is the ecological functions of the animals that are critical to the performance of the Everglades as an ecosystem.


* The main sources for this chapter are References 438, 469, 563, and 838.

† Native Americans inhabited northern Florida at least 12,500 years ago and South Florida at least 11,000 years ago, and more recently began travel to and from Cuba.109,110,121,208,534,535 While it is probable that American Indians aided in the dispersal of certain tropical plants, notably food plants, and perhaps some animals to southern Florida, it is doubtful that they had a major impact because the vast majority of the native tropical species are kinds that would not have been used. There would be no reason to carry them about in their travels.

* The total flora and percentages presented are from Reference 469. They include a significant number of introduced “naturalized” plants (species introduced by man and reproducing in the wild, outside of cultivation), not just the native flora.

† It is interesting to note that dispersal of trees has essentially been one way. Very few temperate trees are found in the tropical islands of the West Indies, although fossil pollen studies indicate that a larger representation occurred in the distant past. The limited occurrence of the Virginia live oak in western Cuba is one of the few examples existing today, and probably represents a population remaining from times when climate was more favorable for temperate plants there.774

* A 12th species, Sabal miamiensis, has been recently described but is probably extinct in the wild.

* A notable exception is the Knight anole (Anolis equestris), a large lizard (up to 19 inches including tail) established in the Miami area from Cuba since at least the 1950s. It lives in trees where protection from cold is negligible. After severe cold fronts, many are found dead on the ground, yet the species continues to survive here.




14 Invertebrates

Invertebrates lack backbones and include all animals except fishes, amphibians, reptiles, mammals, and birds, collectively grouped as vertebrates. While nonbiologists may think that these exceptions rule out most forms of animal life, such is not the case. Some familiar invertebrate groups are sponges, jellyfish, corals, worms, clams, snails, octopuses and squids, spiders, scorpions, insects, crabs and lobsters, shrimp, starfish, and sea urchins. This list only scratches the surface by naming well-known groups, leaving out such creatures as rotifers, bryozoans, copepods, ostracods, millipedes, and arrow worms, among innumerable others. Invertebrates include such a wide variety of animal life that all conceivable modes of dispersal apply to invertebrates of one kind or another.


MARINE AND ESTUARINE INVERTEBRATES89,127,391,447

Most marine invertebrates have planktonic larval forms that are dispersed by ocean currents. A tropical starfish need not crawl from Cuba to Florida’s tropical waters through the depths of the Straits of Florida. Such migration would be impossible for an adult, but the larval form can make the trip passively. In fact, this type of dispersal accounts for the prevalence of tropical marine invertebrates in the waters surrounding southern Florida, including the famous reef-building corals. At the same time, larval dispersal greatly complicates studies of the effects of overfishing on invertebrates, such as the highly valued Florida stone crab and Caribbean spiny lobster (Table 14.1), which is the tropical epicurean equivalent of the American lobster of the Northeast’s cold marine waters. Effective regulation of fishing requires an understanding of larval movements. Studies have shown that the spiny lobster population of Florida’s southeast coast is established by larvae that arrive from various local, as well as distant Caribbean, sources via the Florida Current. It is also interesting that in 1993, when huge floods occurred in the Mississippi River system, larval transport was greatly affected in the Gulf of Mexico, and was apparently the cause of abundant slipper lobster and sand crab larvae from the northern Gulf of Mexico arriving in the Florida Keys. The important generalization is that varying conditions can make large differences in the marine invertebrate larval recruitment that establishes adult populations.137,164,870–872

Not all southern Florida marine invertebrates are strictly tropical, and some are dependent on estuaries for part of their life cycles. Three commercially important examples are the blue crab, pink shrimp, and eastern oyster. The blue crab is found from Cape Cod southward around Florida and into the Gulf of Mexico. As adults, blue crabs use estuaries, where they are aggressive predators on other invertebrates and fish, but are in turn prey for certain larger vertebrates (Kemp’s ridley turtle, see Caloosahatchee section, Chapter 12, and the American Crocodile section, Chapter 18). Depending on conditions, especially in upper estuarine to nearly freshwater areas, their numbers have fluctuated widely. The blue crab is considered a possible indicator for restoration of the Caloosahatchee estuary.50

The pink shrimp is found as far north as Chesapeake Bay, but is much more common in the warmer waters from the Carolinas southward. Pink shrimp, commonly associated with the similar pinkspotted shrimp, are important in Biscayne Bay and Florida Bay. The mangrove swamps in Everglades National Park are extremely important nursery grounds for the huge numbers of pink shrimp harvested near the Dry Tortugas, a group of islands about 70 miles west of Key West. The freshwater discharges from the Everglades through the Shark River Slough have been shown to be important to the success of such shrimp harvests.88,89,91,673

The eastern oyster (also see Chapters 8, 10 and 12) occurs in inshore coastal waters from the Gulf of Mexico to Cape Cod. Oysters thrive in shallows having estuarine salinities, optimally in the range of 10–20 ppt (roughly a quarter to slightly over half the salinity of seawater). In that range, together with suitable water-quality, flow, and substrate conditions, they form colonies called oyster bars. Salinities below 5 ppt for several months are lethal (a recurring man-made problem in the Caloosahatchee and St. Lucie estuaries, see Chapter 12). Prolonged salinities significantly above 20 ppt are also unfavorable because certain marine predators do not tolerate low salinity, including stone crabs and snails called oyster drills. In addition to having an important ecological role, oysters support large fisheries. In Florida, the Apalachicola River estuary is famed for oyster production. Oysters strain water through a fine network in their gills, trapping minute particles including bacteria, plankton, and detritus. In polluted waters harboring human pathogens, oysters can be dangerous to eat, or may themselves be killed by other pathogens and/or excessive sediment loads. In good health, a single oyster can filter 50 gallons of water per day. Oyster bars typically have 600,000 oysters per acre, thus filtering 30 million gallons per day (about 90 acre-feet per day).608 Needless to say, oysters are major contributors to estuarine ecology, making them a focus of Everglades restoration where flows into coastal waters are involved.50,51,101,102,455,581,611,703,803,816


TABLE 14.1
Marine and Estuarine Invertebrates of South Florida Mentioned in Text
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An enigma in South Florida estuarine invertebrates is the genus Macrobrachium.369 This genus contains several edible species of upper estuarine and freshwater “river shrimp” found around the world. Four species have been documented in Florida, two of which have been found in the Miami River and a few other South Florida locations. Additional species of river shrimp are abundant in streams in Central America and elsewhere, filling the ecological role there equivalent to North American freshwater crayfishes (see next section), although river shrimp are much larger, with bigger claws on long, angled “arms.” So little is known about them in South Florida that they are mentioned here in the hope that some enterprising researcher might be intrigued into finding something about their status and ecological role. It is probable that our species have marine larvae and move into freshwater streams as adults. With such a life cycle, they may have become rare because of salinity-control structures on modified creeks along the coast (see Biscayne Bay section of Chapter 12).



FRESHWATER* INVERTEBRATES96,468,525,626,627,783

A list of some freshwater Everglades invertebrates is presented in Table 14.2. Most freshwater invertebrates of southern Florida are not from the tropics, but rather from the freshwaters of North America. The Everglades does not have a great diversity of freshwater invertebrates due to limited habitats and to stressful conditions of seasonal drying and high summertime temperatures, which many temperate species cannot tolerate. A total of 174 different kinds of invertebrates have been found in the Everglades, and their importance in food chains of the region has recently gained attention. They include worms such as oligochaetes (small, aquatic relatives of earthworms) that live in sediments and feed on sediment debris, and leaches, which are mostly predatory on other invertebrates and occasionally parasitic on vertebrates. There are also many crawling and free-swimming clams, snails, crustaceans, and insects. Most of the aquatic insects are larval forms that emerge to become adults living in the air. Some important invertebrate examples follow.


FLORIDA APPLESNAIL

The Florida applesnail† (Figure 14.1) is an important freshwater mollusk in the Everglades because it is a food for many wildlife species. This large, globose, dark-brown snail, whose adults measure over 2 inches in diameter, is found in Florida’s wetlands, lakes, and rivers. It is restricted to the warm water of spring runs in the northern part of the state. Despite its apparent tropical affinity, fossils show that the applesnail has survived continuously in peninsular Florida through glacial cycles since Pliocene time.768

The applesnail is peculiar in its dual ability to extract oxygen from water using gills, or from air using the equivalent of a lung. To breathe air, it crawls up a plant stem to a point near the surface, extends a tube called a siphon, pumps air in and out of a chamber with a noticeable rocking motion, and then returns to its underwater browsing on algae. Because of their air-breathing habit, they avoid open water (lacking plant stems needed to reach the surface) and depths greater than about 20 inches. They prefer habitats without dense vegetation but with emergent plants, such as wet prairie with maidencane, and normally avoid deeper sloughs, although they can use lily pads to get air.

Applesnails deposit their eggs in masses on plant stems at night, typically 6 to 8 inches above the water line. About three-quarters of egg production is between April and June. Initially pink, the egg clusters turn white as the shells harden and hatch in about 2 weeks. During incubation, they are intolerant of submergence, except within a few days of hatching. This sensitivity provides water managers with an important criterion for raising water levels where important snail populations occur—a maximum rise of about a half-inch per day can be tolerated, but significantly faster rates will submerge unhatched eggs, killing most of them. Hatchling applesnails can survive on wet surfaces for a few weeks but need flooded habitat thereafter. Pre-reproductive adults can survive dry-downs for at least 12 weeks by aestivating in damp algal mat or mud. Because of their short life span, little more than a year, post-reproductive applesnails do not live long with or without a dry-down. As a result of water-level tolerances and habitat preferences, Florida applesnails are most common in marsh habitats of about a 9-month or longer hydroperiod.155,156,158,400,627,787,884

Wildlife that prey on applesnails include young alligators and numerous birds.154 The limpkin (Figure 14.2), a wading bird related to cranes, is heavily dependent on the applesnail, but the most diet-specialized is the snail kite (see Figure 20.11), a hawklike bird that feeds exclusively on applesnails. Snail kite populations are thus dependent upon management that maintains the snail’s habitat. Monitoring applesnail populations (see Figure 3.7) has been important to understanding population dynamics of the snail kite.239


TABLE 14.2
Representative Freshwater Invertebrates of the Everglades
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FIGURE 14.1 A Florida applesnail and its eggs on a cattail leaf. (Photo by T. Lodge.)
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FIGURE 14.2 A limpkin dines on a Florida applesnail. (Photo by Robert Hamer. With permission.)



Of additional concern regarding the snail kite are four introduced species of applesnails, the island or giant applesnail (Pomacea maculata) being the most abundant. First occurrences in Florida were in 1989, and it now occurs throughout most of the peninsula. Readers will find conflicting names in the literature as this species was initially identified as P. caniculata, then corrected to P. insularum for which the currently recognized name is P. maculata.63 The island applesnail is displacing the Florida applesnail in some of the upper chain of lakes and in wetlands southward into the Everglades. This exotic species is huge by comparison, often exceeding 3 inches in diameter while the native Florida species seldom exceeds 2 inches. Oddly, the pink eggs of the island applesnail are much smaller but with many more in each egg mass, up to a thousand. The white eggs of our native applesnail are closer to a quarter-inch in diameter, with fewer than a hundred in an egg mass.243,634



SEMINOLE AND MESA RAMS-HORNS

Much smaller than the Florida applesnail, the Seminole rams-horn is common throughout the Everglades. Its shell is a flattened coil but variable in shape, reaching a maximum of about three-quarters of an inch in diameter, larger than the also common and similar mesa rams-horn, which has a slightly raised, flat-topped spire. These two species are endemic to the Florida peninsula and confined to fresh water. Their shells are good markers for soils developed in fresh water.*,768

The rams-horn snails, like the Florida applesnail, graze on algae. In turn (and together with young applesnails), they are important prey of the redear sunfish, a snail “specialist” that earned the vernacular name “shellcracker.” These snails can survive for an undetermined time by burrowing in moist soil. Because they can also survive in very limited water in underground limestone cavities, they are often found in short-hydroperiod marshes (especially where solution holes retain water) as well as more permanently flooded habitats.325 Furthermore, in common with many small snails, they can disperse rapidly during high water by “riding” on the underside of the surface. This ability, involves attachment of the snail’s foot to the water surface by taking advantage of surface tension. Wind-blown currents can then propel them much faster and farther than their own slow crawling would allow. Other snails, including juvenile Florida applesnails, also travel by this means, and large numbers of snails are sometimes observed along the windward sides of tree islands or sawgrass patches in the Everglades, long distances from their apparent sources. For this mode of transport to be effective, the water must be deeper than just a few inches and the surface must be free of obstructions. Dense vegetation, for example, greatly limits this kind of passive dispersal.



CRAYFISH

About 300 species of crayfish, which look like miniature facsimiles of the marine American lobster, occur in the fresh waters of North America. Florida hosts about 50 species, but only five occur in the southern half of the peninsula.† Crayfishes are highly important in food chains and documented to be preyed upon by at least 40 species of vertebrates in the Everglades, including largemouth bass, pig frogs, young alligators, and all wading birds, particularly the white ibis. Interest in their importance has spawned a great amount of recent research.2–4,258,353,360,817

Two nearly identical species occur in surface waters of the Everglades: the Everglades crayfish (Figure 14.3) and the slough crayfish. The Everglades crayfish is adapted to the region’s alternating wet and dry seasons. It lives in underground burrows during the dry season and browses on algae and small invertebrates over the marsh bottom during the wet season. Females carry eggs while still underground at the end of the dry season, and young crayfish populate the newly flooded marshes at the inception of the rainy season. This timing makes them an important prey for wading birds during the early wet season in short hydroperiod marshes, where there is a considerable lag time in the reproduction and growth of other prey species such as mosquitofish. The slough crayfish inhabits deeper, more permanent water, often sharing this habitat with the Everglades crayfish. It is probable that the slough crayfish has only recently invaded the Everglades, taking advantage of canals for dispersal and more permanent deeper habitat in the impounded water conservation areas.817,818


[image: Images]

FIGURE 14.3 A large adult Everglades crayfish. (Photo by T. Lodge.)





RIVERINE GRASS SHRIMP AND SIDE-SWIMMER AMPHIPOD

Two other abundant crustaceans in the Everglades are the riverine grass shrimp* and the side-swimmer amphipod, both considered “keystone species” because of their importance in food chains.525 The grass shrimp belongs to the genus Palaemonetes, which has many species. Several inhabit South Florida’s estuarine and marine habitats, but the riverine grass shrimp is the only abundant species in the freshwater habitats of the Everglades region. It resembles the edible pink shrimp, except that it grows only to about an inch long and is so transparent that it is almost invisible. Unlike the Everglades crayfish, it cannot survive a complete drydown, and therefore its populations are low in short hydroperiod wetlands, except near refugia such as alligator holes. In more permanently flooded habitats, such as sloughs, however, its abundance can exceed 100 individuals per square yard! Riverine grass shrimp feed primarily by shredding dead plant material,525 and, in turn, nearly all predatory fishes eat them. However, except for the white ibis and little blue heron, which catch significant numbers, most wading birds do not feed on them because of their small size and cryptic guise, yet through the food chain, the riverine grass shrimp is a highly important link to all fish-eating birds in freshwater habitats.466,627

The common Everglades species of side-swimmer or scud (technically an amphipod) is a quarter-inch crustacean that superficially resembles a miniature shrimp but lacks the extended tail. There are about 90 species of freshwater amphipods in the United States, but only Hyalella azteca occurs in the Everglades. Scud populations can be as abundant as 9,000 per square yard, but are usually only a few percent of that density. They feed chiefly by scraping periphyton from surfaces, and in turn are eaten by other aquatic invertebrates and small fish.



AQUATIC INSECTS

Aquatic insects are also important in the food chains of the Everglades, as they are in all freshwater habitats. Numerous insects (e.g., water scavenger beetles and giant water bugs) are primarily aquatic but have retained the ability to fly and will relocate if their environment dries up. Most species that inhabit aquatic habitats, however, live in the water only as larvae and emerge to live in the air as adults. Prominent examples are mosquitoes, mayflies, damselflies, and dragonflies, and a large number of midges—tiny insects related to flies. Their dual lifestyles represent a significant transfer of energy from aquatic to terrestrial environments, where flying insects are important in the diets of many birds.604,627

Dragonflies (elsewhere called darning needles, mosquito hawks, and snake doctors) represent highly visible and interesting examples of the insects associated with aquatic habitats. Their larvae are predatory, feeding on anything they can catch and overpower, including other aquatic insects (sometimes their own kind), worms, snails, and occasionally even small fish and polliwogs. In turn, they are eaten by larger fishes and by certain wading birds, notably the little blue heron and the white ibis. Adult dragonflies feed on insects. They splendidly consume large numbers of mosquitoes but also eat larger insects including beetles, wasps, and other dragonflies. The eastern pondhawk,* which is 2 inches in length, is a voracious example that is sometimes cannibalistic.

Of the 86 species of dragonfly that reside in the Florida peninsula, only about a dozen reproduce in the Everglades, primarily because the limited kind of habitat (marsh) is not suitable for the species that require the moving water of streams in their larval stages, or forested habitat as adults. The Everglades species are mainly temperate, and common examples are the Halloween pennant (Figure 14.4); the powerful green darner, which is unusual in that it is a migratory species; the four-spotted pennant; and the eastern pondhawk. Within all the habitats of southern Florida, about half of the dragonflies are tropical and half are temperate. Because they are strong fliers, long distances do not limit most adult dragonflies in colonizing new areas, at least for those species that do not require shade. The important factor that does limit their distribution is suitability of the aquatic habitat for their larvae.209,210,600,601

Of the many other insects listed in Table 14.2, some require additional comments. Aquatic hemipterans (true bugs) are predatory, attacking prey with forelegs that hold the prey and a piercing mouth that injects digestive enzymes and toxins before sucking out the prey’s body fluids. This feeding style inflicts occasional consequences on humans: the stinglike bite of several species is painful. Careless handling of specimens in a dip net, for example, can be most unpleasant. The quarter-to-half-inch-long “alligator flea” has a bite that feels like a hot needle. Its vernacular comes from human perspective (including the author’s): it does not bite alligators. The nearly 2.5-inch giant water bug or “electric-light bug”—so named for the occasional collection in huge numbers beneath bright lights—purportedly has a very painful bite that is normally inflicted on its prey, typically small fish and pollywogs (tadpoles).

Among the species of Diptera (flies, mosquitoes, and their relatives) are many species that have small, wormlike aquatic larvae, which are important in aquatic food chains as prey for fish and other aquatic invertebrates. As adults, the chironomids or midges are small flying insects that do not bite. The ceratopogonids, however, include the tiny no-see-ums or punkies, which, as adults, feed on the blood of people and other vertebrates. No-see-ums are not prevalent in the freshwater Everglades, but mangrove swamps and salt marshes may support intolerable numbers, most obnoxious in the early morning and evening, or during cloudy weather.373


[image: Images]

FIGURE 14.4 Halloween pennants, one of the common Everglades dragonflies, perched on sawgrass. This pair is mating—the female at left, her neck held by “tweezers” on the tip of the male’s abdomen, is taking sperm from the male’s second abdominal segment. Seemingly awkward, the procedure obviously works: dragonfly fossils appear in coal deposits laid down in ancient swamps. (Photo by T. Lodge.)






TERRESTRIAL INVERTEBRATES


SPIDERS

Although they are terrestrial invertebrates, many spiders utilize a means of dispersal that is more normally associated with plants, namely wind. Young spiders of many species are known to climb to a high point on a plant or obstacle and release a length of silk into the air. When the trailing silk is long enough, a breeze can pull the spider into the air. The process is called ballooning, and it accounts for the occurrence of many tropical spiders in southern Florida. Most species in the Florida Keys are of tropical, West Indian origin, and probably arrived there by ballooning. The southern mainland hosts a mixture of tropical and temperate North American spiders.80,479



SCORPIONS

Worldwide, most scorpions are found in warm, dry climates, but the hundreds of species range from the tropics to cool temperate regions. Two scorpions occur in southern Florida. Both can deliver painful but not dangerous stings (unlike an Arizona species that is potentially fatal) from their large, tail-tip stinger, which is used for stinging prey as well as defense. Their relatively delicate crayfish-like claws are harmless and used for holding prey, such as insects and spiders. Named for their genus, the larger is the brown centruroides (Centruroides gracilis), which lives on the ground under leaf litter, stones, and logs. It is dark brown and grows to about 5 inches long. The smaller Centruroides hentzi (less than 3 inches) is light tan and commonly lives under the loose bark of dead trees. Ecologists and arborists working with dead trees sometimes experience a Hentz’s centruroides falling into their shirt—it’s not fun.458



INSECTS

For many Everglades visitors, the large, clumsy, and flightless but colorful native eastern lubber grasshopper (Romalea microptera) is an unusual curiosity. Juveniles are black with either yellow or red stripes, but change to mostly yellow as adults (see Figure 3.2b). A lubber would appear to be an easy target for predators, but when disturbed it emits a foul-smelling fluid and is avoided.106 The author once witnessed one jump from the boardwalk rail into the water at the Anhinga Trail in Everglades National Park, where it struggled to swim across the surface to apparent land—the head of a five-foot alligator! Normally, alligators grab anything that moves, but this one rejected the lubber by submerging, leaving the grasshopper to continue struggling to shore without even a bass or gar investigating it.

Dispersal of tropical insects to southern Florida has accounted for the presence of many of the species. Flying insects are frequently carried by storms, and a few actually migrate from location to location. However, even though the wind may assist tropical species in their dispersal to southern Florida, other factors determine whether or not they can become established. Several butterflies demonstrate cases in point.

The zebra butterfly (Heliconius charitonius) is of tropical origin, but it occurs widely throughout southern Florida and reaches northern Florida during summer, where it may overwinter in mild years. This handsome, slow-flying species has black wings with bold yellow stripes. Its distinctive elongated wings give it a much greater wingspan than is typical for its size among North America butterflies, although this feature is common among related tropical butterflies of Central and South America. Its occurrence in Florida is based on the presence of several species of tropical passionflower vines. Butterflies as a group depend upon specific kinds of food plants for their larval development, and the caterpillars of the zebra butterfly feed on passionflower leaves. The close relationship of the butterfly to this food plant goes beyond nourishment. Passionflowers contain a bitter substance that the caterpillars accumulate without harm. The caterpillars, and the butterflies in turn, are then unpalatable to potential predators such as birds and lizards, which reject them after their first taste. The relatively tough butterflies often show the wear of an attempted taste or two, with older specimens often having frayed wings.372,677 The biogeographic principle is that some species cannot relocate without the presence of another species. In this case, the zebra butterfly could not have successfully invaded Florida without the previous establishment of its food plant.

Several other tropical butterflies are present in southern Florida due to the presence of certain tropical plants. In a few cases, the rarity of the food plant accounts for very limited distribution of the respective butterfly. Examples are the endangered Schaus’ swallowtail (Heraclides aristodemus), which feeds only on sea torchwood (Amyris elemifera), a tropical hammock tree, and the rare Florida atala (Eumaeus atala), which feeds on coontie (Zamia pumila), a type of cycad that superficially resembles a fern. Although previously abundant, the coontie is now highly restricted in distribution due to land development, and thus the butterfly has become rare.183,257



FLORIDA TREE SNAIL

The Florida tree snail (Liguus fasciatus) (Figure 14.5), a tropical species, is a terrestrial mollusk of great interest in Florida. It is restricted to the extreme southern portion of Florida, but it also occurs in Cuba. It feeds on small epiphytes, such as lichens, on tropical hammock trees, usually those with smooth bark such as wild tamarind. These large snails grow to a length of about 2½ inches and are highly variable in coloration, which is the basis for the high level of interest among shell collectors and other observers. As many as 50 distinct varieties have been found, ranging in color from pure white, to various banding and streaking patterns of green, yellow, pink, and brown, to individuals almost completely colored in brown and yellow tones.162,183,217,257,358
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FIGURE 14.5 Florida tree snails aestivating on a wild tamarind on Loop Road, Big Cypress National Preserve. (Photo by T. Lodge.)



The Florida tree snail undoubtedly originated in the tropics, but how it invaded Florida is a mystery. Perhaps the explanation lies in its ability to aestivate through several months of the dry season by cementing its shell closed against the bark of a tree. It is possible, for example, that it could travel on a large tree limb that broke off in Cuba and floated to southern Florida with its branches above the water. The exact circumstance that allows a tree snail to land successfully by this rafting mode requires considerable imagination!




IMPORTANCE OF INVERTEBRATES

Because of their lower position in the food chain, invertebrates are of great importance in the diets of many Everglades predators, including fishes, amphibians, young alligators and crocodiles, wading birds, otters, and many others. Important studies have only recently begun regarding the roles of invertebrates in the Everglades, as sited earlier in this chapter. The effects of nutrient enrichment on their roles in the Everglades has also received attention.628,629 There are so many kinds of invertebrates that ample opportunity awaits future students of the Everglades ecosystem.


* Fresh water can be loosely defined as having salinity (saltiness) low enough that dissolved salt cannot be tasted; drinking water standards have evolved from that basis. Ecologists usually express salinity in parts per thousand (ppt), and the upper limit of salinity used by ecologists to define fresh water, quite close to the “taste test,” is in the range of 0.3–0.5 ppt.231,419 Seawater salinity is usually around 35 ppt (3.5% salt). Between 0.5 and 35 ppt, water is called “brackish,” typical of estuaries and coastal wetlands.

† This “standardized” name follows References 768 and 785, but “apple snail” (two words) is the normal name in Everglades literature.

* The term “Helisoma marl”143 refers to these species. The genus Helisoma is closely related and very similar to Planorbella, and older literature includes our species of Planorbella in the genus Helisoma.

† Early literature recognizes only four species from the southern peninsula.359 In the late 1960s, a fifth species was discovered from fragments that appeared in well water pumped from the Biscayne Aquifer, the specimens having been dismembered by the pump impellers. In the 1990s, living specimens were collected and have now been documented at over a dozen sites, all in southeastern Miami–Dade County. Referred to as the Miami cave crayfish (Procambarus milleri), it is a colorful, peaceful, subterranean species that has become popular in the aquarium trade.630 It is listed by the IUCN as endangered.132 There are many cave-dwelling and subterranean crayfish species known from other regions of the country, including northern Florida.183

* This “standardized” name follows Reference 858, but “freshwater prawn” is its usual name in Everglades literature.

* Florida’s dragonflies have been assigned “English names,” as distinct from “common names.” Few people distinguish between kinds of dragonflies (or most invertebrates for that matter), so specific common names have not evolved as they have, for example, for birds and fishes.209




18 Reptiles*

In contrast with amphibians, many reptiles can tolerate salt water and dry conditions. Sea turtles, for example, spend their entire lives in marine habitats, while alligators and some freshwater turtles can live in estuarine or even marine waters, at least temporarily. At the other extreme, many reptiles are completely terrestrial, spending their entire lives out of the water, and even inhabiting deserts. Their ability to get along without a regular supply of drinking water far exceeds that of amphibians. A major factor in this independence from water is the reptilian egg, its hard shell, and internal organization, allowing for incubation away from water. The live birth capability of a few (such as rattlesnakes) is similarly advantageous.

Reptilian tolerances for salt water and drought confer a superior potential over amphibians for crossing geographic barriers, but terrestrial and freshwater reptiles are still constrained by relatively small expanses of ocean. Only a few nonmarine reptiles (namely some lizards) have naturally invaded southern Florida from the tropics, probably by “rafting” on floating objects. Thus, nearly all native terrestrial and freshwater reptiles of the region came from the temperate land mass of North America, just as freshwater fishes and amphibians did. Like those groups, numerous tropical exotic reptiles have been introduced by man (see Chapter 22). Miami and other urban areas now harbor over a dozen exotic species of lizards from tropical parts of the world, and six exotic reptiles are established in Everglades National Park. The most notable is the huge Burmese python, escaped from the pet trade and now widely established. It has become a safety concern for humans and a major predator throughout the Everglades, including the coastal mangrove swamps.339,528


REPTILES OF THE EVERGLADES REGION

Representative reptiles of the Everglades region are listed in Table 18.1. All native terrestrial and freshwater species are allied to the temperate North American continent except for the green anole and the reef gecko. Marine/estuarine species, such as the American crocodile and marine turtles, are tropical. Because of the secretive habits of many reptiles, relatively few are commonly seen by Everglades visitors. The American alligator—a grand exception—is easily seen because of its lifestyle and large size, and certain large turtles, notably the Florida redbelly turtle (Figure 18.1) and the Florida softshell (Figure 18.2), are also commonly seen basking or swimming in the clear waters of the Everglades. Much less visible are the highly venomous eastern coral snake and its diminutive and harmless near-mimics, the scarlet kingsnake and the Florida scarlet snake. These particular snakes are uncommon and tend to be nocturnal, living underground (fossorial habit) by day. Other reptiles, such as rattlesnakes, are difficult to see because of their cryptic color patterns. Rattlers have become much less common, but are still a consideration when hiking. The huge eastern diamondback (in 1966 the author observed a 7-foot specimen near Flamingo in Everglades National Park) is an obvious concern, but even the pygmy rattler—adults less than 2 feet long—can inflict a dangerous bite. The list contains three often-seen water snakes (freshwater members of the genus Nerodia) that are nonpoisonous but resemble the poisonous Florida cottonmouth, which has become much less common.

Of the few tropical reptiles that have reached southern Florida by natural means, most are marine, including the American crocodile (discussed in a following section) and five species of sea turtles. The green turtle (Chelonia mydas) was formerly abundant, but is now an endangered species. The loggerhead is most often seen today, and regularly nests on Cape Sable, one of the Everglades National Park’s few beaches. Of terrestrial reptiles, only two are natural tropical invaders of the region.* One is the reef gecko, a very small and secretive lizard. It occurs in debris along beaches as well as inland in pinelands, hammocks, and in residential neighborhoods, but is seldom seen due to its nocturnal life style. The other is the green anole (Figure 18.3), a common lizard also known as the chameleon because its color changes between green and brown. Its widespread occurrence throughout the South indicates it has been there for some time and probably persisted in the area through the last glacial cycle.


TABLE 18.1
Representative Reptiles of the Everglades Region
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FIGURE 18.1 A Florida redbelly turtle (left) and a peninsula cooter (right) bask at the Anhinga Trail, Everglades National Park. Of these two species, the Florida redbelly turtle is far more common in the Everglades. (Photo by T. Lodge.)
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FIGURE 18.2 A Florida softshell turtle surfaces at the Anhinga Trail, Everglades National Park. Its large, webbed feet make it a fast swimmer. Except to lay eggs, softshells seldom leave the water. (Photo by T. Lodge.)
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FIGURE 18.3 A green anole on the seed head of a southern cattail at Loxahatchee National Wildlife Refuge. (Photo by T. Lodge.)



Like many freshwater fishes and amphibians, southern Florida populations of several species of reptiles are distinct and recognizable as a variety or subspecies of their relatives living farther north. The Florida chicken turtle and the peninsula cooter (see Figure 18.1) are examples, both restricted to the peninsula. The Florida kingsnake is a distinctive subspecies of the common kingsnake. It has a very pale, speckled color pattern in contrast to those that live farther north in Florida or elsewhere in the range of the species. Florida color-variants of the eastern rat snake are distinctive, and formerly recognized as separate subspecies. The “Everglades rat snake,” a now-rare red-orange color variant, occurred on Everglades tree islands, while a yellow variant has occupied the rest of the Florida peninsula. With regional drainage, the “yellow rat snake” has invaded the territory of, and interbred with, the Everglades rat snake so that red-orange individuals are rare and evidenced mostly by yellow-orange integrades.53

A number of reptile species are confined to Florida, even though they are closely related to species found farther north, indicating that the environmental factors found in the Florida peninsula differ from those of the southeastern states.520 The Florida redbelly turtle is a good example. It is no accident that this species is the most commonly seen turtle in the Everglades. Large and handsome, it has a dark shell up to 13 inches long, colored with large dark red markings. The lower shell (plastron) is red-orange in juveniles, fading to orange or yellow in adults. This species is highly adapted to coexistence with the alligator, from which it cannot escape in marsh habitat. Its shell is unusually strong and highly arched, making the Florida redbelly more resistant to alligator predation than other turtles839 (Figure 18.4), and it preferentially lays its eggs in alligator nests.418 Upland (nonflooding) nesting locations are limited in the Everglades, but alligator nests provide a common opportunity. Redbelly turtles lay their eggs in alligator nests by day when the alligator is not apt to be present, and most female gators are too small to break the turtle’s shell. By their location in gator nests, the eggs get the same evening and nighttime protection as the alligator eggs from predators, provided by the female alligator. Also, the hatching baby turtles are temporarily protected by the resident alligator’s instinct as if they were her own. The Florida redbelly turtle obviously benefits from this relationship, with no ill effect on the alligator and the occasional benefit of a meal when a larger alligator catches a smaller redbelly. (Is the alligator “farming” redbelly turtles?)
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FIGURE 18.4 A young adult Florida redbelly turtle in the jaws of a 7-foot alligator at the Anhinga Trail, Everglades National Park. This turtle species is adept in coexisting with alligators, which includes protection by a particularly thick shell (see text for other details). This individual slipped away like a bar of soap and escaped when the alligator tried to break the shell. (Photo by T. Lodge.)



The Florida softshell turtle (see Figure 18.2) is another geographic specialty, but not completely tied to Florida. Its range is throughout the state but ends just outside it in southern Mississippi, Georgia, and the southern tip of South Carolina, the smallest range of the three species of North American softshell turtles. It is also the heaviest softshell species—one taken where the Kissimmee River enters Lake Okeechobee reportedly weighed 70 pounds—and has a more elongated, egg-shaped shell. Other softshells are rounder, thus the vernacular “pancake turtle,” and more adapted to rivers where they seek concealment buried in sandy shoals. The Florida softshell is an open-water species of lakes and quiet rivers, inhabiting sloughs and alligator holes in the Everglades. It coexists with alligators by its incredible speed, far faster than other freshwater turtles. Softshell turtles have a hard subshell of expanded, fused ribs like other turtles, but lack a hard, bony outer shell, instead having a tough, leathery exterior with flexible edges. When caught by an alligator, a softshell is doomed, except that adult females become so large (the record shell length just over 2 feet) that smaller alligators ignore them. The much smaller and shy male Florida softshell appears well advised to be more careful. Softshells have a very long neck and strong jaws, and are clever at biting people who unwittingly handle them. They are predatory, feeding on a wide variety of invertebrates, fish, frogs, and even waterfowl such as coots.

The gopher tortoise, a grazing herbivore, is of unusual occurrence in the Everglades region, and never found in the Everglades itself. It is fairly common in other parts of Florida where sandy soils are dry enough for it to construct its deep burrows. A population of gopher tortoises occurs on the higher ground of Cape Sable in Everglades National Park. This area resembles an island, isolated from the nearest alternative habitat by many miles of mangrove swamps and shallow tidal waters. The existence of the gopher tortoise on Cape Sable is probably the result of human introduction because this coastal feature is of relatively recent origin (see Chapter 10).420,541



THE AMERICAN ALLIGATOR142,144,251,500,513,775

Most people would define an alligator as a large dangerous reptile found in the swamps of Florida. While that definition has some merit, it also has some inaccuracies, and ignores the fact that the alligator is the most important species in the Everglades, a “keystone” species. Those who love the sight of wading birds, or enjoy fishing for bass in the Everglades, owe a debt of gratitude to the alligator. In reality, driving a car to the Everglades is far more dangerous than encountering an alligator there.


ALLIGATORS AND OTHER CROCODILIANS COMPARED

Alligators are part of the crocodilian group within the reptilian class of vertebrates. There are at least 22 species* of crocodilians worldwide; 14 are true crocodiles, only 2 of which are responsible for the infamous reputation of all crocodilians. The culprits are the enormous Indopacific (or saltwater) crocodile of India, Southeast Asia, and Australia, and the Nile crocodile of Africa. Both of these species are huge, often exceeding 15 feet.† Their sheer size and technique of ambushing large terrestrial animals along the water’s edge pose a considerable threat to humans. Other types of crocodilians include the slender-snouted gharial (or gavial) of India (one species), the alligator-like caimans of Central and South America (five species), and the alligators. The American alligator of the southeastern United States and the smaller Chinese alligator are the only two types of alligators in the world.605,667

In addition to the American alligator, the similarly sized American crocodile (see the next section), and occasionally an escaped caiman, inhabits South Florida. Most species of caimans are substantially smaller than the American alligator and crocodile. The spectacled caiman is the species usually sold in pet shops. Because of releases by unhappy owners who thought it was a novelty when it was only a foot long, the spectacled caiman is now locally established in canals east of Homestead, Florida.



SIZE AND DANGER TO MAN

The largest American alligators ever known were about 17 feet long, and there exists a dubious record of 19 feet 2 inches. In 1997, an individual 14.05 feet long, weighing 800 pounds, was removed from Lake Monroe in the St. Johns River system, north of Orlando. This specimen is the largest well-documented record for Florida.52 However, if 12-foot or larger alligators were common, the species might deserve its dangerous reputation, but any alligator over about 11 feet is unusual (or over 8 feet for females). Moreover, alligators in the Everglades are not noted for their large size compared with records from the rivers farther north in Florida.

In general, an adult human is too large to be of interest to an alligator, but precautions should be taken nonetheless. It is obviously dangerous to swim where a large alligator may be present, and children and even large dogs should be kept a safe distance from any alligator. Individual alligators accustomed to being fed are a particular danger. They become aggressive, associating people with food. For this reason, feeding alligators is illegal in Florida. Imagine an innocent visitor to a park, with toy poodle on leash, walking up to the pond for a closer look at the “tame” alligator. Through the gator’s eyes, it looks like dinner is being served!



ALLIGATORS AS PREDATORS AND AS PREY

Raccoons are important predators of eggs and baby gators. Largemouth bass, the larger water snakes, otters, wood storks, large herons and egrets, and bull alligators add to the peril. Up to about 7 feet in length, alligators may be taken by the Florida panther, but larger individuals are likely safe from predation except by man and larger bull gators. In turn, gators attempt to catch and eat virtually anything that moves unless it appears too large. Juveniles feed mostly on invertebrates. In fresh water, applesnails and crayfish are important, and in brackish water, blue crabs are commonly taken. Gators over 6 feet long begin to take birds and mammals, including the species that would have preyed on them when they were small. Turtles and snakes—even poisonous species—are taken without hesitation and apparently without harm to the gator. Larger hard-shelled turtles, especially the Florida redbelly turtle, normally escape until an alligator is large enough to have jaw strength capable of crushing the shell. Such strength is within the capability of a 10-foot or larger gator.



ALLIGATOR DISTRIBUTION

The American alligator is found throughout all of Florida and Louisiana, as well as southeastern Texas, southern Arkansas, and coastal areas of Mississippi, Alabama, Georgia, and North and South Carolina. Although primarily an inhabitant of fresh water, it can tolerate brackish water and live for months in seawater. Its numbers have been reduced by land development, especially the draining of wetlands, and in the past, by hunting for gator hides and even meat.



ALLIGATOR PROTECTION

Most people are familiar with the use of alligator hides for wallets and shoes, but few are aware that the meat, notably the tail, is considered a delicacy in some circles. Through the 1960s, the rate at which alligators were disappearing was alarming. The market for hides supported innumerable gator “poachers.” The rate of decline pointed to near-certain extinction for wild populations. Several states began prohibiting the taking of alligators, and the species was listed as endangered in 1966 under the federal Endangered Species Preservation Act. Initial provisions for enforcement against poaching proved ineffective, however, and gators continued to disappear almost as rapidly as ever. Policing the wilderness was fruitless. Subsequently, numerous state laws, a 1969 amendment of the federal Lacey Act, and finally the federal Endangered Species Act (1973) made it illegal to deal in any identifiable alligator “parts” (skulls, teeth, claws, meat, etc., as well as hides) in interstate commerce, providing the needed authority to enforce alligator protection. Products could no longer be legally sold, and the value of alligator hide plummeted. The population rebound of the alligator was rapid, first in Louisiana, then in Florida, and later throughout its range. As a result, the alligator was removed from the listing as endangered (except for purposes of its similarity of appearance to the American crocodile). However, alligator hunting is now strictly regulated through licensing, designated hunting periods and areas, and serial-number tracking of hides.



THE ALLIGATOR’S LIFE CYCLE

A walk through an alligator’s life cycle will provide for a better understanding of the importance of this complicated reptile in the Everglades. Males, or bulls, are much larger than females and are highly territorial during the mating season. A successful bull thwarts competition, sometimes in blood-chilling battles, but usually by intimidation. Less aggressive bulls flee, an interaction that is commonly seen during the spring. Also, smaller alligators of both sexes are part of the diet of large bulls. While cannibalism may seem counterproductive to alligator success, it is really the opposite. It did not prevent the rapid rebound of alligator numbers when poaching was stopped, because large bulls were so rare that juveniles were nearly free of a major predator. However, as the new bulls matured and became cannibalistic, they helped prevent overpopulation. Such population control is an example of self-adjusting feedback.

Large bulls typically patrol territories of about 5 square miles. They wander over regularly used pathways, and studies have shown that they know where they are going, even as they travel long distances over land during dry periods. Authorities are often called upon to relocate potentially dangerous bulls, but some have been known to find their way back to their former territory. In one case, a one-eyed individual returned 35 miles. Females, on the contrary, prefer home territory and are not prone to wandering great distances.

Female gators become receptive to males in April and May, near the beginning of the summer rainy season. Bulls can be heard “bellowing” at that time, although bellowing is not strictly confined to the mating season. The sound somewhat resembles the low rumble of a bulldozer engine. Bulls answer each other’s bellowing as well as loud noises from trucks and aircraft, especially sonic booms. Females occasionally bellow, and will answer a bull’s bellow with her higher pitched, softer voice.

Alligators mate in the water, following a period of amorous nudging and playful swimming. After mating, bulls merely go on to the next gator hole in a polygamous lifestyle. A fertilized female begins building a nest by heaping soil and vegetation. Nests are usually built in marshes or on low tree islands near (but not next to) the gator pond (see next section). An average nest is mounded slightly over 2 feet above the existing water level, normally after the summer rains have at least partially reflooded the marshes. She lays an average of 30 eggs in late June or early July. The eggs are deposited inside the nest, 7 or 8 inches from the top, and then covered. That puts the eggs about a foot and a half above the water level. During the 2-month incubation period, she normally tends the nest at night and leaves it alone during daylight. If, during the incubation period, water levels rise enough to flood the eggs, they die, making alligator nests especially vulnerable in wetlands used for flood control. Oddly, sex is determined by incubation temperature: warmer (90–93° F) results in males and cooler (82–86° F) yields females.667 Intermediate temperatures give a mix, and temperatures above and below these ranges are normally lethal. With luck, “chirping,” 9-inch-long baby alligators are normally first seen and heard in late August or September in the Everglades, but timing is highly variable, with occasional hatching as late as December. Responding to audible and motion cues from the hatching babies, the mother helps them out of the nest, gently tearing it open and even manipulating hatching eggs in her mouth, rolling them between her tongue and palate. The baby gators are self-sufficient upon hatching but remain close to, and are protected by, their mother for a year or even more. As a cautionary note, some female gators vigorously defend their nest and babies against approaches by people, and there have been instances where intruders have been chased.417,422
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FIGURE 18.5 A female alligator with young, probably about 9 months old, basking on her back at Shark Valley in Everglades National Park. (Photo by T. Lodge.)



Female gators are tolerant of juveniles, even those of other families. It is not uncommon to see babies and even year-old gators sunning on the backs of a female (Figure 18.5), but never on a bull. Gators grow at a maximum rate of about one foot a year, but growth depends on food supply and stress, and larger gators grow more slowly.385



ALLIGATOR HOLES AND THEIR IMPORTANCE103,104,596

Alligators are pond-builders. Given a depressed wetland area during low water, alligators dig up vegetation and soil, piling the material around the edge, expanding the depression, and creating a pond called an alligator hole. Much of the behavior is obviously foraging activity.458 Alligators not only scoop sideways with their jaws open, but also use their body and tail to “herd” fish into an edge or blind end of the depression during low water (Figure 18.6). Alligators also forage while submerged (Figure 18.7) and uproot vegetation. Thus, it is not convincing that alligators intentionally build ponds, but rather that their normal activity results in making ponds. However, in addition to alligator holes, alligators do intentionally construct dens by tunneling 10 or 15 feet into the sides of the ponds, with the entrances below normal water level and an enlarged den at the end. Often, the alligator dens have air holes that reach up to the ground surface. The dens are used by gators during the dry season for aestivation, and were used by poachers to catch alligators in the dry season. Vivid descriptions of this risky work have been provided by Glen Simmons.705

An active alligator hole can often be recognized by the low ring of trees, shrubs (often willows), and/or cattails that grow on the material pushed up around the edge of the pond. Many are at the edges of tree islands. Some holes, however, have no ring of vegetation and are surrounded by sawgrass marsh. The holes are typically at least 2 feet deeper than the surrounding marsh elevation, but range from 8 inches to 5 feet, usually limited by excavation to the bedrock. The diameter of open water ranges from 15 to 50 feet. Gator holes have two or three trails connecting to adjacent marshes. Many alligator holes are probably centuries old and have been maintained by successive generations of alligators. Aerial views of a variety of active alligator holes are shown in Figures 18.8, 18.9, and 18.10; also see Figure 3.8.
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FIGURE 18.6 An alligator foraging in a drying gator hole at Corkscrew Swamp Sanctuary. The great egret and tricolor heron take advantage of the disturbance, which exposes fish that evade the alligator. (Photo by T. Lodge.)
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FIGURE 18.7 An alligator foraging on the bottom in 3 feet of water, while largemouth bass watch for evading prey (and caught several crayfish while the author watched) at the Anhinga Trail, Everglades National Park. (Photo by T. Lodge.)
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FIGURE 18.8 Alligator hole nearly concealed in a small bayhead, probably induced by generations of alligator activity. Note the cattail patch at left center, probably in response to disturbance and nutrients from animal activity during the dry season. (Photo by T. Lodge.)
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FIGURE 18.9 Alligator hole at the edge of a large bayhead in Everglades National Park. (Photo by T. Lodge.)



It is well established that alligator holes are important to the success of the Everglades as a haven for waterbirds. The relationship between alligator holes and wading birds is tied to the seasonal cycle of rainfall. In the late dry season, during April and May in normal years, when vast areas of the Everglades become dry, gator holes act as refugia for aquatic life.467 Fish, frogs, turtles, water snakes, and other wildlife inhabit the ponds and use the alligator trails for access. Many become food for the resident gator, but they are also food for herons, egrets, ibis, storks, and anhingas (Figure 18.11). Furthermore, only in very severe droughts do the gator ponds become completely dry. Thus, some aquatic life normally remains to “seed” new cycles of life when water levels again flood the marshes and swamps during the wet season.* During extremely dry or cold weather, gators seem to disappear. Actually, they retreat into their dens to aestivate, leaving the gator hole to the other wildlife.
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FIGURE 18.10 Alligator hole in the center of what appears to be a burned-out tree island in Everglades National Park. (Photo by T. Lodge.)
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FIGURE 18.11 An aerial view of an alligator hole as an oasis in the dry Everglades, south of Loop Road, Everglades National Park, in May 1971. The white dots are herons and egrets feeding at the alligator hole. (Photo by T. Lodge.)



The preceding discussion has provided a broad description of the alligator in order to enhance understanding and appreciation of its importance. Consideration of this most interesting member of the Everglades wildlife community should be at the heart of any discussion of the ecology of the Everglades and its restoration. The American alligator is obviously a “keystone species.”




THE AMERICAN CROCODILE421,499,501,502,541,808

Unlike the alligator, the American crocodile (Figure 18.12) in Florida is almost completely confined to the brackish and salt waters of the southern tip of the state, including the Keys. Vero Beach on the east coast and Tampa Bay are historically its northernmost limits (see Figure 1.5). The species is also found in coastal habitats of the larger Caribbean islands as well as parts of Central and northern South America. It is not adapted to cold weather like the alligator and, therefore, could not survive in northern Florida. Thus, the American crocodile is a tropical reptile with southern Florida as the northern limit of its range.

American crocodiles attain about the same size as American alligators but, in general, crocodiles in Florida are shyer. This behavior is probably because they live in habitats where they do not often encounter people and have less opportunity to become accustomed to the presence of people. Due to their preference for saline tidal habitats and their relative rarity, crocodiles were seldom seen until recently; they are now regularly visible at the Flamingo marina area in Everglades National Park. In contrast to adult alligators, which are mostly black, with yellow banding particularly prominent in juveniles, crocodile coloration is brown to olive green. The crocodile’s snout, seen from above, is much more tapered and comes to a narrower tip. Also, the large fourth tooth, counting back from the front end along either side of the lower jaw, is conspicuously exposed on the outside when the mouth is closed. All the teeth of the lower jaw of the alligator fit into pockets in the upper jaw, leaving only the teeth of the upper jaw visible when the mouth is closed. Juvenile American crocodiles feed on fish and invertebrates such as crabs, while adults feed mainly on fish, of which mullet are an important species. The narrower jaw appears to be an adaptation for catching fish. Their technique of using a rapid sideways snap at potential prey is similar to that used by the slender-snouted gars and needlefishes.

Like alligators, crocodiles also build nests, but their nests are made of sand, marl, and peat piled up on dry land near water. Typically, the female lays 35 to 40 eggs during late April or early May, after which she checks the nest on regular nightly visits. About 3 months later, she assists the 10-inch hatchlings, digging them out of the nest, and carrying them in her jaws to the water’s edge. She remains with them for days or even weeks. Crocodiles do not build ponds as alligators do, at least in Florida. Instead, they construct dens in the banks of tidal creeks or canals and wear trails through mangroves. Preferred habitat is of moderate salinity, about half seawater strength, and protected from wind and waves. Baby crocodiles are susceptible to predation from many of the same predators faced by baby alligators, such as the larger wading birds, otters, and raccoons. However, the estuarine habitat also brings predation from larger fishes such as sharks and jacks, and from the amazingly aggressive blue crab, which is a common prey of larger crocodiles. A baby crocodile was once rescued from the grips of a blue crab by a researcher, who found the crocodile little damaged but unconscious. He picked up the baby croc and, holding it head-down, squeezed water out of its lungs. Then putting the crocodile’s head in his mouth, he blew air in. Unbelievably, the baby crocodile rapidly recovered, thanks to mouth-to-mouth resuscitation.*
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FIGURE 18.12 An American crocodile on a boat ramp at the Flamingo Marina, Everglades National Park. This specimen was about 8 feet long. (Photo by T. Lodge.)



The previous scarcity of the American crocodile in southern Florida prompted its listing as endangered in 1975 under the Endangered Species Act. However, recovery efforts were successful, and their numbers increased so that the Florida population was downlisted to threatened in 2007 (the species remains endangered outside of Florida). Peculiarities of crocodile behavior have made the species difficult to manage. For example, crocodiles often cross roads in their wanderings through coastal waters, resulting in roadkills. The section of U.S. 1 between the mainland and Key Largo (called the 18-Mile Stretch) had been a particular problem, and motorists were warned by “crocodile crossing” signs. Properly engineered culverts, with a substantial air space that crocodiles can see through, facilitate their passage and have been incorporated into the reconstruction of 18-Mile Stretch. The previous submerged culverts beneath the highway had proved to be killers. Crocodiles traveling through coastal habitats were attracted to the current in seeking new habitat, but were reluctant to enter the submerged passageway, instead crawling out of the water and over the road—unfortunate for crocodiles and motorists alike. The 18-mile stretch and improvements on Card Sound Road have been successful, using a combination of modified culverts and fencing.

Most crocodiles remain within several miles of their “home” location, but some individuals under wildlife management surveillance have moved more than 60 miles, adding to management difficulties. One specimen, originally found off the beach at Ft. Lauderdale, was relocated to suitable habitat near Florida Bay. Its subsequent travels included a visit to Big Pine Key, some 70 miles from the point of release. Such wanderings through marine waters undoubtedly explain how the American crocodile managed to reach southern Florida from the tropics.

Protection and management efforts have been successful for this species. Successful crocodile nests in Everglades National Park increased from 9 in 1978 to 42 in 2004, with the Flamingo area now a major contributor so that park visitors see them often. Elsewhere in South Florida, crocodiles have also done well, with part of the success due to the artificial habitat provided by the extensive cooling canal system of Florida Power & Light’s Turkey Point power plant, located on southern Biscayne Bay (see Figure 12.17). Its warm water, artificial nesting sites, and protection have fostered a considerable portion of the crocodile’s South Florida population increase. Protection and habitat modifications in the Crocodile Lakes National Wildlife Refuge on north Key Largo have also been successful. The total number of nesting female American crocodiles in South Florida has increased from 20 in 1975 to 85 in 2004.


* The main sources for this chapter are References 25, 27, 52, 53, 438, and 529.

* A third possible natural invader, disputed by herpetologists, is the bark anole (Anolis distichus), a small lizard that occurs in the Miami area, where it typically lives on tree trunks, cleverly keeping out of view on the opposite side from the observer.727

* The number of species recognized here is conservative; older literature often recognizes more. Differences lie in interpreting what constitutes a species, a problem agonized over by taxonomists working with nearly all groups of plants and animals. Most often, it is geographic variation that may be interpreted in two ways: separate species or merely variation within a species. For example, a South American crocodilian, the spectacled caiman, here counted as one species (Caiman crocodilus), varies widely over its range and has been considered as several species by some authorities.

† Size records for crocodilians vary widely, in part because reptiles do not reach a terminal size as do mammals, but also because of exaggeration, making it difficult to verify the authenticity of records. However, to be conservative, the Nile crocodile reaches a maximum length of about 20 feet and the Indopacific crocodile has exceeded 25 feet.605,667 An Indopacific/Siamese crocodile hybrid at Jungle Island in Miami was 20 feet long and weighed a ton—about 1,200 pounds greater than Florida’s record alligator. It died at age 47 on August 8, 2009.

* Also, at the southern end of the Everglades where freshwater flows meet tidal water, numerous creeks provide habitat very much like the alligator holes and, in parallel, are maintained by alligators. These creeks are the headwaters of the tidal rivers, such as the Shark River. Interconnecting alligator trails between these creeks and the adjacent marshes are thought to be similarly important to many species of wildlife (see Chapter 8).143

* The effort of Dr. Frank Mazzotti, University of Florida.




19 Mammals*

Despite the great adaptability exhibited in mammalian evolution, temperate North America is the origin of all of South Florida’s native terrestrial mammals. The only native species having an origin distantly traceable to the tropics, yet which also entered Florida from the north, is the Virginia opossum, North America’s only marsupial or pouched mammal. However, fossils prove that land mammals from the South American tropics had invaded Florida by about 2.5 million years ago,† after the emergence of the land bridge between North and South America (see Figure 2.1). Despite this connection, most land mammals of tropical origin perished in Florida during glacial periods when climatic conditions were cool and, more importantly, dry, thus eliminating their wet-forest habitat.480,838

Although not naturally reaching southern Florida, a distinctive tropical mammal that has reached the Florida panhandle naturally is the nine-banded armadillo. This species is now common nearly throughout Florida wherever sandy soils support their burrowing, including the northern Big Cypress Swamp. There are sporadic records for Everglades National Park, probably representing drop-offs by people; all armadillo populations of the peninsula are shown to have been started by human introduction.92,438

Marine and flying mammals have tropical representation in Florida. The marine access route is obvious, just as with tropical marine reptiles. Marine mammals are covered in a separate section at the end of this chapter. Bats, the only flying mammals, could have entered Florida from the tropics as well as from temperate North America. Six species have been recorded in South Florida, two of which apparently came directly from the tropics. The Brazilian free-tailed bat is the most common. One species, the Florida bonneted bat (Eumops floridanas), a new (2013) federally listed endangered species, is represented by a small but viable population in Miami residential areas where it roosts in houses and buildings, but is also found in a few very limited locations in other south Florida counties. Overall, however, bat populations in the region are small, and their ecological role in the Everglades is minimal.92,358,374,436,490

In the faunal history of Florida there is another ecological factor of more than academic interest. Numerous prehistoric animals, including what are dubbed megafauna (horses, mammoths, mastodons, giant ground sloths, giant tortoises, and others), were present when Florida began warming after the last ice age. Most megafauna mammals were of temperate, Asian origin, having crossed into North America via the Siberia–Alaska land bridge during past glacial periods of low sea level. Excepting a few species, such as the American bison or buffalo, the megafauna had perished by 8,500 years ago. Megafaunal extinctions were possibly abetted by the most influential pre-Columbian mammalian invader of all—Homo sapiens. Native Americans first moved into the Florida peninsula over 12,000 years ago and were present in South Florida soon thereafter. Spear points imbedded in mastodon and other bones indicate that they hunted large animals and perhaps contributed to the massive extinctions of Florida’s post ice-age megafauna, but changing climate was also a factor (see Chapter 22).105,121,208,319,480,505,524,534,535


LAND MAMMALS OF THE EVERGLADES

Representative terrestrial and semiaquatic mammals of the Everglades region are listed in Table 19.1. Most native mammals are of widespread distribution in North America. Common examples include the Virginia opossum, gray squirrel, common raccoon, northern river otter, gray fox, and white-tailed deer. Other examples of widespread species that are present but now uncommon in South Florida are the short-tailed shrew, black bear, eastern fox squirrel, mink, and panther. The latter three are represented in the region by the subspecies discussed below. Other common mammals are species widespread in the southeast coastal plain, such as the marsh rabbit, cotton mouse, hispid cotton rat, and marsh rice rat. A regional pattern observed in several mammals is the occurrence of subspecies in the Florida Keys that have probably evolved very recently, after isolation by rising sea level (see white-tailed deer section). Examples are the Key Largo cotton mouse, Key Largo woodrat, lower keys marsh rabbit, and key deer, all of which are listed as endangered and are discussed individually below.

The round-tailed muskrat (or Florida water rat) is the only Everglades mammal species that is almost wholly confined to the Florida peninsula. It is smaller and not closely related to the common muskrat that occurs north of Florida, but is also an adept swimmer, well adapted to marsh habitat. Round-tailed muskrats eat roots and stems of marsh plants such as pickerelweed and arrowhead and, in flooded habitat, build a mounded nest of cut grasses and sedges up to about 2 feet in diameter. In dry weather, they burrow. The species avoids sawgrass marsh habitat, a potential population danger where management promotes the expansion of sawgrass into slough habitat (see Chapter 3). The round-tailed muskrat’s populations are highly variable, sometimes growing to the point that their nests are commonly seen, and then dwindling to rarity. It is of interest that they often become abundant in sugarcane fields, where they damage crop roots. Upon sugarcane harvest, they are exposed to predation by hawks, owls, and foxes, and their population locally plummets.


TABLE 19.1
Representative Mammals of the Everglades Region
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Because of their relative secrecy, few people realize that rodents and other small mammals are highly important in the food chain. The cotton mouse is a good example. It is the most abundant native mammal in southern Florida. In the Everglades, its greatest numbers are in mature hammocks.66,715 The cotton mouse is represented by three subspecies in the region, which probably evolved from the parent species rather quickly after flooding of the Everglades and isolation of the Florida Keys by rising sea level, separating populations from one another. One subspecies occurs on the west side of the Everglades in the Big Cypress Swamp, another on the Atlantic Coastal Ridge, and the endangered third subspecies (Peromyscus gossypinus allipaticola), restricted to the Florida Keys, is now only on northern Key Largo.

Two medium-sized rodents are the hispid cotton rat and the marsh rice rat. The name “rat” conjures up the unpleasant image of the introduced rats that invade human habitation, but both of these native species are much more endearing in appearance—most would actually say “cute.” The cotton rat is the most ubiquitous mammal in the region, occupying a wide variety of lowland habitats including saline coastal flats. The marsh rice rat is nearly as pervasive and has a much more varied diet, essentially omnivorous, including invertebrates (e.g., snails) and small vertebrates (e.g., mice and baby birds). Both species occur on Everglades tree islands, where their population dynamics have been studied.278,715,716 Both species are also represented in the region by various subspecies. The lower keys population of the marsh rice rat, often called the “silver rice rat,” was listed as endangered in 1991. Its status as a possible subspecies or even separate species is debated.358,374,808

Although squirrels, also rodents, are probably the most commonly seen mammals in eastern North America, they are uncommon in the Everglades. Two species, the gray squirrel and the fox squirrel, live in southern Florida. Gray squirrels are locally common among Virginia live oaks on the Atlantic Coastal Ridge, and regularly seen at Royal Palm in Everglades National Park. The threatened Big Cypress (or mangrove) fox squirrel (Sciurus niger avicennia), a handsomely colored subspecies of fox squirrel, primarily inhabits pinelands and cypress but also enters hammocks and mangrove swamps of the Big Cypress region, and is occasionally seen at Corkscrew Swamp. On the Atlantic Coastal Ridge there is another rare subspecies, Sherman’s fox squirrel (S. n. shermani). The few present on the southern end of the ridge in Miami–Dade and Broward counties are thought to be intergrades between the Big Cypress and Sherman’s subspecies.

Four members of the weasel family occur in South Florida: two skunks, the northern river otter, and the southern mink. Both skunks are seldom seen (or smelled). The spotted skunk is the rarer of the two, and neither inhabits wetlands. Northern river otters, which are more at home in water than on land, are reasonably common but usually seen only in the dry season, when they use roadside canals, particularly along the Shark Valley Road (Figure 19.1). The South Florida population of the mink, sometimes called the Everglades mink, is separated by more than 100 miles from other Florida populations. Individuals are rarely encountered, and most of what is known about them—distribution, body measurements, diet, and so on—is from examination of occasional roadkills along the Tamiami Trail in the Everglades and Big Cypress Swamp. Like the otter, the mink is semiaquatic and occurs widely in North America all the way to northern Canada and Alaska. Both species feed on insects, crayfish, fish, frogs, small reptiles, and some birds, with the much larger otter catching larger prey.
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FIGURE 19.1 Northern river otters keep track of the author/photographer, Shark Valley, Everglades National Park. (Photo by T. Lodge.)
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FIGURE 19.2 A marsh rabbit at the Anhinga Trail, Everglades National Park. (Photo by T. Lodge.)



Raccoons and marsh rabbits (Figure 19.2) were formally the most commonly seen mammals in the Everglades, but both have apparently declined greatly in numbers, almost certainly the result of python predation. The relatively small, dark-colored marsh rabbit often forages along roadsides and, unlike most other rabbits, is a willing swimmer. An isolated lower keys subspecies of the marsh rabbit (Sylvilagus palustris hefneri)* is listed as endangered. The eastern cottontail is an upland species and is not common in South Florida, occurring on the Atlantic Coastal Ridge but not the western side of the Everglades. Raccoons are omnivores, eating various fruits and berries, thus dispersing the seeds of many plants, but also eating animals, mostly aquatic life. They were formerly so common that they were problematic for certain species because of their raiding of nests such as those of alligators, sea turtles, and occasionally even crocodiles. With low numbers of panthers and large alligators, raccoons had few predators—except for recently expanding populations of the Burmese python (see Chapter 22). Like the raccoon in its omnivorous habits, the black bear is one of South Florida’s rarer inhabitants. However, it maintains persistent populations in the Big Cypress region, as well as in the Fisheating Creek watershed northwest of Lake Okeechobee and in rural areas of northern Florida. As evidence of an increasing South Florida population, in April 2009, a black bear showed up at Weston, on the east side of the Everglades in Broward County. It was relocated by the Florida Fish and Wildlife Conservation Commission.

In addition to the Florida panther, discussed below, there are three moderately sized terrestrial carnivores in South Florida: the bobcat and two canines, the gray fox and the recently re-naturalized coyote. The bobcat is seldom seen, but common enough that tracks are regularly observed. The species population in the Everglades is low, but in rural uplands around the Everglades and in the Big Cypress Swamp, populations are of the order of one individual per 2 square miles. Bobcats look large and especially tall for their length, but commonly weigh only between 14 and 29 pounds, with an extreme of 40 pounds.644,849 They willingly cross wetlands but prefer uplands. Their strictly carnivorous diet is mostly small mammals and birds but occasionally even young deer and snakes, including the venomous pygmy rattlesnake. The most common prey items are cotton rats and rabbits.485,486

The gray fox is the smallest of the terrestrial carnivores, typically weighing only 7–15 pounds. It is relatively common in uplands, including residential areas, but is normally nocturnal and thus seldom seen. The larger coyote (Canis latrans, 20–50 pounds) has only recently arrived in Florida, although fossils indicate it was present until about 12,000 years ago. For several decades, it has been moving east from its regular range in the central and western United States, and has caused trouble by preying on goats, chickens, house cats, and field crops such as watermelons and cantaloupes—a somewhat omnivorous diet. Its natural foods include rabbits and rodents, like the bobcat, plus fruits and berries. The coyote’s most recent movement down the Florida peninsula has been rapid, with numerous confirmed sightings south of Lake Okeechobee, including Broward, Hendry, and Collier counties, since the 1990s (see Figure 1.5 for county locations). Confirmed sightings have been made in Miami–Dade County, notably at Homestead Air Reserve Base. Part of the coyote’s successful invasion of Florida is thought to be based on the absence of a former competitor, the red wolf (Canis rufus), a small species of wolf (44–90 pounds) once common but actively exterminated (mostly by farmers and ranchers) and last seen in South Florida in the 1920s.123,436,511

There are several introduced mammals in South Florida. Two are common enough to be of ecological significance: the black rat and the domestic pig. The black rat (far more common than the also-introduced Norway rat, Rattus norvegicus) is a significant competitor of native rodents, and thought to be one of the reasons that the Key Largo woodrat (Neotoma floridana smalli) is endangered. Feral pigs, originally from domestic stock, have reverted to a wild boar appearance with large tusks. They may weigh over 400 pounds and are abundant in many Florida locations, including the Big Cypress Swamp where they are hunted by man and Florida panthers alike. Small numbers occur in the Everglades. Where their populations are high, they can have significant impact on vegetation by their rooting habit. Many people have witnessed their extensive and destructive earthworks, appearing as if gardening machinery had been used to till the soil.


THE WHITE-TAILED DEER477,723,724

White-tailed deer (Figure 19.3) are fairly common in southern Florida. In the northern U.S., males may reach as large as 300 pounds and females 200 pounds, but South Florida mainland specimens are far smaller, and those from the lower Florida Keys, considered a separate subspecies called the Key deer (Odocoileus virginianus clavium), normally weigh less than 80 pounds and stand only 25–30 inches high at the shoulder. The key deer’s largest numbers are on Big Pine Key, but some occur on neighboring keys. Key deer are not only noted for their small size but also for their lower reproductive rate and low water requirement. Both conditions may be adaptations to the lack of predators and to their salty environment where fresh water is often scarce. These adaptations have likely evolved very recently—the result of sea level rise that finally isolated their habitat from connection with the mainland only about 4,000 years ago.452

The population of white-tailed deer in the Everglades is thought to be much larger today than historically because drainage has provided more dry land.186 Willoughby862 noted deer in his 1895 canoe voyage through the Everglades, which followed a series of dry years. Population estimates for the post-drainage Everglades have ranged from about one to four deer per square mile, and for the Big Cypress Swamp, over seven per square mile. In general, the Everglades supports few deer compared with good upland habitats. Especially in dry years, it is not unusual to see deer feeding in Everglades marshes during early morning hours. However, in excessively flooded areas of the Everglades such as the recent condition of Water Conservation Area 3A, their numbers are depressed, possibly more closely resembling the historical condition. Key visual indicators of the common presence of deer are “munched” leaves of swamp-lily, and the absence of swamp-lily may indicate an overabundance of deer.



THE FLORIDA PANTHER247,248,484,485,723,808,810

By far the rarest large mammal in South Florida is the panther. The species is known as the puma, cougar, or mountain lion in western parts of North America, where it still thrives. The endangered Florida population is considered a separate subspecies, originally occurring northward into South Carolina and westward into Arkansas and to the eastern edge of Texas. In the early 1970s, the entire population was estimated at 12–20 individuals, primarily confined to the Big Cypress Swamp and northward just across the Caloosahatchee. By 2007, the population was estimated at 100–120, although the population’s genetics no longer includes just Florida panthers but also contains genes from imported Texas individuals, considered critical to improving the genetic integrity of the Florida population. The Florida panther has undoubtedly been the focus of more research, and more program controversy, than any other animal in Florida.
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FIGURE 19.3 White-tailed deer, doe and fawn, wade through a shallow patch of wet prairie, walled by dense sawgrass in the background, at Shark Valley, Everglades National Park. The large leaves in the foreground are alligator flag. (Photo by T. Lodge.)



Florida panthers grow to 7 feet long, including the tail, and weigh from 60 (small female) to 160 pounds (large male). Their footprints, like those of other cats in lacking claw marks, are over 3 inches in diameter, far larger than footprints of the moderately common bobcat. A panther’s home range is typically about 250 square miles for males and less than 100 square miles for females. Travel is normally during the night, but in cooler winter weather they may move also during daylight. Panthers are mostly solitary, except for the 12–18 months when a female is raising her one to four kittens. Adults are generally intolerant of the presence of another adult panther of the same sex in their territory, and intrusion occasionally results in a fight to the death.

Deer and feral hogs are the Florida panther’s preferred prey, but any small- to medium-sized animal may be taken, including armadillos, rodents, rabbits, raccoons, and even small alligators. This panther is not considered to be dangerous to man—although there have been some stalking incidents that have raised concern—and is currently the focus of an intensive program to understand, protect, and reestablish populations in Florida. Many individuals have been fitted with a collar containing a radio transmitter. This program has received much criticism by adversaries who feel that the animals should not be disturbed. The objective of the program is to monitor panthers’ travels in order to better understand and protect this highly endangered subspecies. The information has helped, for example, in improving highway design in critical areas, most notably Interstate 75 and State Road 29 through the Big Cypress Swamp, so that roadkills are less likely. Wildlife underpasses and roadway fencing have proved effective for panthers as well as other wildlife.253 Present efforts to save the subspecies include a landscape-level strategy focused on identifying habitat and movement corridors that can be protected and enhanced. Good habitat along Fisheating Creek, for example, could be made available to cats in the Big Cypress Swamp by improving travel corridors. The bottom line: it is estimated that a population of at least 240 individuals, approximately twice the current level, is required to be demographically stable and large enough to effectively maintain genetic integrity.




MARINE MAMMALS

Two marine mammals of note in southern Florida are the Atlantic bottlenose dolphin and the endangered Florida manatee. Bottlenose dolphins are often seen in the marine coastal waters of South Florida, including shallow bays, where they feed on fish. The Florida manatee, by contrast, is a rather sluggish vegetarian and is one of the few tropical marine mammals. It is a subspecies of the West Indian manatee, which occurs coastally through much of the Caribbean region. The Florida subspecies, which is mostly confined to the Florida coast, is separated from the Caribbean subspecies by the Florida Current. It is sometimes killed by cold water farther north in Florida, and in some places now takes advantage of heated water from power plants during the winter months. Manatees commonly enter fresh water, and some reach Lake Okeechobee through the canal connections. The endangered status of the Florida manatee is primarily due to boat collisions, and many individuals show the telltale series of scars from encounters with boat props. An important part of maintaining the species is protecting good seagrass habitat for their foraging.442,443

Numerous other marine mammals, including whales and other dolphin species, would be listed if offshore waters were included, but most of these are rarely encountered. It is also of interest that the West Indian monk seal (Monachus tropicalis) once occurred in marine waters around peninsular Florida and the Keys. It was last seen in Florida about 1920—a specimen killed in Key West. It was apparently hunted to extinction throughout its Caribbean range by the mid-1900s.374


* The main sources for this chapter are References 374, 436, 530, 644, and 849.

† A few mammals of tropical origin first appear in Florida’s fossil record nearly 9 million years ago, probably having reached North America by “island-hopping.” While the land bridge was forming, closely spaced islands would have emerged as forerunners of a complete land connection.480 The effect of the land bridge in facilitating the movement of land animals was gradual, not abrupt.

* Funding of the research that led to the designation of the lower keys marsh rabbit population as a separate subspecies was provided through Hugh M. Hefner, founder and publisher of the magazine, Playboy.




20 Birds*,†

With close to 400 species of birds documented as occurring naturally in South Florida, the overall list of birds, or “avifauna,” is rich. Just under 300 species are considered to be of regular occurrence, other species being known from only a few records. About 60% of these species are winter residents, migrating into South Florida from the north, or are hurried visitors, stopping only briefly in the spring or fall in their migration between tropical America and points farther north in the United States or Canada. The remaining 40% are the species that breed in South Florida.

The list of species of birds breeding in South Florida—about 116 species—is substantially smaller than lists for areas of similar size in the northeastern United States. Furthermore, not all of these South Florida breeders are year-round residents. For example, wood storks breed in southern Florida in the winter and spring, and then move farther north in Florida and adjacent areas for the summer. In an alternate lifestyle, the exquisitely graceful American swallow-tailed kite breeds in the region in spring, then leaves for tropical America in August and does not return until February. For most people, however, the dry season is an excellent time to see birds in southern Florida. The optimum season is from mid-December into April.

An analysis of the geographic origins of the breeding birds of the region reveals some interesting trends. Given the ability of birds to fly long distances over water, one would think that the region, with its predominance of tropical vegetation and proximity to tropical areas such as Cuba, would also be a haven for tropical birds. Indeed, many birds of neotropical origin are seen in Florida, but mostly as through-migrants and some wintering birds. Few birds from the tropics have become residents, especially considering the huge diversity of birds in the tropics. However, certain examples of tropical birds create considerable interest. To explain the situation, it is helpful to discuss South Florida’s breeding birds by dividing them into two categories: land birds and waterbirds.

The distinction between land birds and waterbirds is based on habitat requirements rather than their relationships by evolution. Natural groupings of birds tend to include species that are mostly all either land birds or waterbirds, and therefore the land and water categories have few misfits. Land birds are those that normally live in terrestrial habitats without particular dependence on aquatic or marine habitats. Examples of groups of birds that can be categorized as land birds are hawks, and hawklike birds including vultures and kites, doves, owls, woodpeckers, and songbirds (sometimes called “perching birds” but technically known as passerine birds). The songbirds or passerine birds include many species such as swallows, jays, the mockingbird, thrushes, flycatchers, warblers, and blackbirds. It is convenient to distinguish between passerine and nonpasserine land birds in some comparisons.

There are some misfits within this land-bird category. Obvious examples are the osprey (or fish hawk) and the bald eagle, both of which are seen regularly in the Everglades. Both are associated with water but are included as land birds. However, it is difficult to find more than a handful of exceptions, and they are unimportant for the purpose of this discussion.

Waterbirds, then, are those species that are strongly associated with freshwater, estuarine, or marine habitats. They include grebes, pelicans, cormorants, the anhinga, ducks, herons and egrets, the limpkin, ibises and the related spoonbill, the wood stork, cranes, gallinules, rails, shorebirds, gulls, and terns. Again, there are only a few exceptions. The cattle egret, an insect eater, prefers dry grasslands and an association with cattle or even noisy tractors to help stir up a meal. The killdeer (in the shorebird group by natural relationships) prefers upland fields rather than wetlands or shores, like its relatives. Nevertheless, these few exceptions are minor.


BREEDING LAND BIRDS

Just over 70 species of land birds breed in South Florida, half of which are songbirds or passerines. Some geographic trends in these land birds are shown in Table 20.1. It is obvious that southern Florida has relatively few breeding land birds, and the increase in numbers when comparing southern Florida with all of Florida and then with comparably sized states farther north (Kentucky and Michigan) is in passerine birds. The number of species of remaining nonpasserine land birds in each region is almost equal.

Within the Florida peninsula, there is a pronounced decrease in the number of breeding passerine birds from north to south. Two South Florida examples are the prairie warbler, found in mangroves and other coastal communities (not prairies, despite the name), and the common yellowthroat, an Everglades marsh resident. Part of this geographic trend is understandable because of habitat limitations. In southern Florida, wetlands (especially the Everglades) account for most of the area, which leaves little habitat for land birds. However, the breeding ranges of many land birds end in areas where habitat does not appear to be limiting. Furthermore, research has shown that the breeding ranges of numerous species have been moving north, farther and farther from southern Florida. It is thought that much of this northward movement is not due to human influences.

A hypothetical explanation is that this northward shift is a continuing biological response to the overall climatic changes that ended the last glaciation. These particular passerine birds of temperate origin were probably much more numerous in Florida during the height of the glacial age when Florida was much larger, cooler, and drier than today. Presumably, their populations have been shifting slowly northward over the past 15,000 years, in response to climatic change. Further, there is abundant evidence in Europe and North America that the northern breeding limits of many species of birds are moving farther north. However, the hypothesis is complicated by several species, including the indigo bunting, gray catbird, and American robin, whose breeding ranges have been extending southward in Florida.

With relatively few breeding land birds present in South Florida, why have tropical species not moved in from Cuba, Hispaniola, and the Bahamas? Except for through-migrants of tropical origin, which includes many warblers, very few species of tropical land birds are naturally present in South Florida even though many species occur in the adjacent West Indian islands. Prior to 1900, Florida had a large population of the Carolina parakeet, a small, beautiful, yellow-and-green parrot. Its range actually extended throughout the eastern half of the United States. This species, extinct due to hunting by about 1910, represented the single success of the parrot group in naturally reaching Florida, where it had been resident long enough to evolve into an endemic species. On the other hand, a few tropical land birds are naturally expanding populations and breeding ranges in Florida. Examples are a nonpasserine, the white-crowned pigeon, and two songbirds, the gray kingbird and black-whiskered vireo. (Until recent decades, the smooth-billed ani would have been among these, but its Florida populations have recently collapsed.) Other species appear to be ready to make the move, with occasional visits. The process has been slow, and has resulted in a deficit of naturally occurring breeding land birds in southern Florida.


TABLE 20.1
Geographic Trends in Numbers of Breeding Land Birds in the Eastern United States
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The final word on this topic is exotic birds. People have successfully introduced many tropical land birds into southern Florida, including the spot-breasted oriole, the red-whiskered bulbul, and several parrots (the red-crowned parrot, monk parakeet, mitred parakeet, and yellow-chevroned parakeet lead the list). The success of these species is likely helped by weak competition from the relatively few native species of breeding land birds and by the adaptability of many introduced species to altered and disturbed human habitats. Of interest, however, are several members of the parrot family that were well established in the 1970s but have recently decreased, including the once-abundant white-winged parakeet.



BREEDING WATERBIRDS

A selection of Everglades waterbirds is provided in Table 20.2. In contrast to the geographic trend in land birds, more waterbird species occur in Florida than in states farther north. South Florida alone boasts almost 120 species, with 43 breeding in the region. The breeding waterbirds of southern Florida differ markedly from the land birds in both geographic distribution and general origin. First, the number of breeding species is the same for South Florida as for the remainder of the state, although the list of species differs somewhat. A trend of decreasing numbers begins north of the state. Georgia, for example, has 29 breeding species.

Second, a large percentage of the waterbirds that breed in South Florida are also common to the West Indies, where substantially more waterbirds occur. These species are of tropical origin, although many of them have ranges that extend far north into the continent. Species that prefer shallow tidal habitats appear to treat South Florida just like another tropical island. Groups of the greater flamingo of the Caribbean region occasionally visit the shallows of Florida Bay (but many of the few flamingos seen in the past few decades are thought to have escaped from captivity). The reddish egret, found in the shallow estuarine and marine waters, and especially Florida Bay, also uses shallow tidal waters around the islands of the West Indies and Bahamas. The roseate spoonbill, which frequents similar habitats, moves about the region in an opposite pattern, with many individuals migrating northward from Cuba to southern Florida to breed during the winter months.

Pelagic, or open-ocean, seabirds also treat southern Florida like another Caribbean island. Examples that breed in the region include the magnificent frigatebird and two kinds of terns. However, several other pelagic seabirds, regularly seen at sea off the coast, could potentially nest in southern Florida except for lack of proper habitat. Florida has none of the rocky cliffs preferred by many pelagic seabirds. The use of such inhospitable nesting sites helps to prevent predation of eggs and nestlings by land animals, in particular the raccoon. Because the magnificent frigatebird is accustomed to using mangroves on isolated islands as nesting sites, it finds South Florida acceptable, although actual nesting is restricted to the westernmost Florida Keys.

Of the species with ranges that extend far north into the continent, most swell the South Florida population with wintering individuals. The great blue heron ranges as far north as central Canada during summer months. While some remain relatively far north in winter, most migrate to tropical America. A substantial number winter in southern Florida, together with resident Florida individuals and other similar migrants.


TABLE 20.2
Representative Birds of the Everglades Ecosystem
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Two species of pelicans can be seen in southern Florida. The more common brown pelican breeds in Florida and is generally tropical. It seldom ventures inland, and feeds on fish by plunging into the water head first. Its lower beak supports a huge throat pouch that expands like a parachute on hitting the water. How the bird manages this technique without breaking its thin neck is mystifying, and is in marked contrast to the technique of the American white pelican, which fishes while swimming and frequently cooperates in large groups. American white pelicans do not breed in southern Florida but winter here, commonly roosting on islands in Florida Bay. Banding studies have shown that Florida migrants are often found in North Dakota and Saskatchewan for the summer breeding period. White pelicans are an exciting addition to Florida’s wintering wildlife.

The superficially similar double-crested cormorant and anhinga add only two more breeding waterbirds to the South Florida list, but are particularly interesting fish-eating birds. The cormorant is primarily a coastal species, and catches fish in its beak during underwater dives. It is easily distinguished from the anhinga by the prominent hook on its beak. The anhinga (sometimes called the snakebird, water turkey, or darter) normally uses interior fresh waters, where it is frequently seen with head and snakelike neck alone protruding from the water. This species catches its prey by spearing it with its long, pointed beak (see Figures 15.5 and 20.13). When successful, it surfaces, holding the impaled fish in the air. Then, with a quick motion, the anhinga flips the fish up and catches it in its beak. Adjustments are made to maneuver the fish, and it is swallowed head first. The use of the beak as a dagger is a chilling reminder of how dangerous some wildlife can be if cornered or approached when injured. This bird, as well as herons and egrets, can put out an eye with one sudden jab. Left alone, these birds are harmless and highly entertaining in their peculiar feeding styles.

The anhinga is probably the most memorable waterbird seen in Everglades National Park. The most popular boardwalk viewing area in the park, the Anhinga Trail, is its namesake. The anhinga’s body feathers are structurally incapable of trapping air, unlike that of most diving birds. Consequently, a diving anhinga’s buoyancy is close to neutral. These birds are able to swim about slowly under water—through vegetation and around obstacles—with little effort. However, their wet feathers are poor insulators, and body heat is lost while diving and in evaporation afterward. Two commonly stated misconceptions arise from these characteristics. The first is that anhingas lack an oil gland—incorrect; they have an oil gland above the tail and they oil their feathers regularly. The second is that they must dry their wings in order to fly, based on their conspicuous pose with outstretched wings after foraging under water (Figure 20.1). While this pose aids in drying, its importance is in raising the bird’s body temperature or thermoregulation. Their backs are always to the sun, thus capturing its warmth (a behavior also commonly exhibited by vultures prior to flight in the morning). Furthermore, anhingas can fly even when soaking wet. Given the right stimulus, such as an approaching alligator, an anhinga can burst from the water into flight.

Ducks and shorebirds are poorly represented in southern Florida as breeding populations. By stretching the numbers to include infrequent occurrences such as the breeding records of the American oystercatcher, there are only about six shorebird species and three ducks, including the resident but secretive wood duck. However, wintering species in each of these groups number about 20.



FEEDING BEHAVIOR OF WADING BIRDS329,330,398

The large wading birds of the Everglades region attract much attention. Fourteen species breed in South Florida, and their feeding activities are of particular interest, each with its own style. A short diversion into some theoretical ecology will add insight to understanding why each species is unique.

Ecologists have rather abstractly defined the entire scope of activities of a given species as its ecological niche. This niche is not just a place (the term habitat is used for the place or places used by a species). Instead, an ecological niche is more comparable with a profession, although the habitat where the profession occurs is part of the picture. It is theorized that direct, total competition between two species (the condition in which they share an identical niche) would result in the disappearance of one species. The concept is called competitive exclusion, and it probably explains why some introduced species are unable to become established in a new region even though the available habitat appears appropriate for their survival. Severe competition from one or more established species is usually thought to be the negative factor in these situations. In ecological terms, the required niche is already filled by one or a combination of species established in the region.
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FIGURE 20.1 An anhinga thermoregulates after a dive at the Anhinga Trail, Everglades National Park: warming up, not just drying out. (Photo by T. Lodge.)



While competitive exclusion probably does occur, species can and do change through the evolutionary process of adaptation by natural selection. The world is full of examples where natural selection appears to have changed the physical shape, size, or behavior of species. A famous showcase of such adaptations involves the finches of the Galapagos Islands, located in the Pacific Ocean off the coast of Ecuador.315 Inheritable variations that enable the individuals to use a slightly different niche reduce competition. Such advantageous variations improve the fitness of an individual, which is defined by its chances of survival that lead to reproductive success; thus, the changes become more common through succeeding generations (i.e., the species evolves). For example, a change may allow a species to obtain slightly different foods not readily available to competitors. This specialization would be an adaptive change in the niche of the species. On careful observation, it is usually easy to identify physical and behavioral specializations that reduce competition among even very similar species.316,497

Few areas on Earth allow a casual observer to see the subtle differences between competitors better than in the feeding behavior of wading birds in South Florida’s parks and refuges. These locations offer this unusual opportunity because of the large number of species that can be seen, and because they can be observed closely—protection makes many of the birds unafraid of people. The best opportunities for observing wading birds arise when drying conditions drive large concentrations of food (mostly fish and aquatic invertebrates) into shallows, and huge numbers of these birds descend on the concentrated prey. At these times, the birds are forced into their highest level of competition, but specializations are still easily seen. The Anhinga Trail and the Shark Valley in Everglades National Park, a series of ponds at Loxahatchee National Wildlife Refuge, and a boardwalk at Corkscrew Swamp Sanctuary are examples known for their particularly long periods of wading-bird activity. Numerous other locations also offer very good opportunities, with optimum times differing from place to place and year to year. A famous but short annual feast occurs at Mrazek Pond, not far from Everglades National Park’s facilities at Flamingo. The pond lies at the edge of the road, making it easily accessible (see Figure 8.1 for location). Activity generally lasts only a few weeks each year, with the heaviest use lasting only about a week. It may occur anytime between late December and April, depending on water levels. South Florida wading-bird nesting and other activities are now reported in detailed annual reports.131 (In using these reports, it is helpful to learn the abbreviations used by scientists for wading birds and some other birds, such as WOST for wood stork; see Table 20.2.)

The most obvious difference in feeding techniques that reduce competition is the touch-oriented feeding of the wood stork, white ibis, and spoonbill versus the visually oriented feeding of the herons, egrets, and bitterns. Some behavioral traits of several prominent Everglades species will be further explained.


WOOD STORK (WOST)87,135,330,398,578,583,584,662,808,809

Of the three species that locate prey by touch, the wood stork commands respect as the true fisherman; it takes mostly fish and a few invertebrates. Often foraging in cooperative groups, its technique, called tactolocation or groping, is to repeatedly probe its long, heavy, partially opened bill into shallow water, typically between 2 and 10 inches deep (Figure 20.2). If a living organism is detected by the highly sensitive receptors on the inside of the bill, the bill snaps shut by reflex action in less than 0.03 second. If something is caught, it is picked up and, with a quick snap, tossed to the back of the mouth and swallowed. While most of the bird’s motions are relatively slow, the catch-and-swallow sequence is often so fast that one must watch very closely to see what is being eaten. Only when the prey is large, or spiny like a catfish, does the stork take some cautious preparations. Normal feeding behavior also involves assistance with one of its flesh-colored feet (bright pink in breeding condition), using a slow stirring motion that disturbs any motionless fish. In murky or weed-choked water, day or night, wood storks have a considerable advantage over sight-oriented wading birds. On the other hand, the technique is not effective in clear water where potential prey can see and evade these large, awkward birds. The stork’s alternative sight-oriented feeding behavior is inefficient compared with that of herons and egrets.
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FIGURE 20.2 An immature wood stork forages in Mrazek Pond, Everglades National Park. (Photo by T. Lodge.)



Most of the wood stork’s diet consists of fish measuring between 1 and 10 inches long, but it also eats a variety of other creatures, including larger invertebrates and, sometimes, even water snakes and baby alligators. Small fish such as inch-long mosquitofish are seldom taken, even where abundant. Their small size fails to trigger the snap response. Wood storks may also feed effectively, even when all surface water is gone and prey is concealed in soft mud.

The specialized grope feeding behavior of the wood stork has rendered it endangered in the United States (although it occurs commonly in much of South America). It is highly dependent on a concentrated food source in shallow water. In years that lack dry weather, or when water is kept too deep by artificial management, nesting failures result. Further, nesting also fails in years when the drydown conditions proceed so rapidly that the required food source is largely depleted before the wood stork young are fledged. The entire reproductive period, from prenesting courtship until chicks are self-dependent, is 110–150 days, the longest of all Florida wading birds. An orderly sequence of dry-down in freshwater wetlands is the key to success and a probable cause of its demise in the modified Everglades (see Chapter 22). However, breeding populations of the wood stork have shown some recovery in the Everglades region,131 and improvement is expected with further restoration.



WHITE IBIS (WHIB)414,416

The narrow, downward-curving beak of the white ibis (Figure 20.3) is an indicator that something is unique about its mode of feeding. In contrast to the wood stork’s slow, cautious approach, the white ibis rapidly probes the water—sometimes with its head briefly submerged—and explores in, around, and under obstacles as well as probing sediments (or soil on land). The results of these tactile efforts net a much higher percentage of invertebrates, typically crayfish and insect larvae in fresh water, small crabs in saline coastal areas, and earthworms on land. Much of this prey is extracted directly from burrows or other hiding places. Mosquitofish are typically abundant in feeding areas but are disproportionately low in the white ibis diet because they swim away from threats instead of seeking shelter. Most of the fish caught by this technique are those that have taken refuge in some nook or cranny where they are safe from herons and egrets but not from the white ibis. The decurved beak is advantageous for this probing technique. The rapid bobbing of the head and neck is easier with the beak aligned in the motion.
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FIGURE 20.3 An adult white ibis forages along Loop Road, Big Cypress National Preserve. (Photo by T. Lodge.)



The white ibis was historically the most abundant wading bird in South Florida, but its populations declined precipitously in the 1980s. Beginning in 2003, however, nesting success has increased considerably.131,672



GLOSSY IBIS (GLIB)

A puzzling question in comparing ecological niches is the similarity between the white ibis and the dark-colored glossy ibis, which is more common farther north in Florida and along the Atlantic coast. Its populations fluctuate in southern Florida, but it now more frequently visits Everglades National Park. While the slight difference in the ranges of these two species may constitute a difference in their respective niches, skillful observations could probably also reveal some subtle differences in feeding techniques. Both of these species also feed on land, including fields and golf courses, especially following heavy rains. The glossy ibis is locally abundant and its populations have been expanding since it first started breeding in Florida in the 1880s. It now breeds in the Everglades in small numbers.131,672



ROSEATE SPOONBILL (ROSP)20,87,206,472

The bizarre spoon-shaped beak of this species obviously indicates that its feeding technique differs radically from that of other wading birds (Figure 20.4). The spoonbill’s normal feeding behavior is to swing the mostly submerged opened bill in a wide arc from side to side as the bird walks about in shallow water. When several birds are present, they often team up, forming a line. The mature spoonbill’s brilliant pink wings, white back and neck, and pale greenish head make these cooperative feeding efforts a sight to behold. The technique is successful in catching small fish and invertebrates at mid depth in the shallow water column, or even strained from loose sediments at the bottom. Spoonbills nest primarily on mangrove islands in Florida Bay, but normally fly to brackish wetlands of the mainland to feed. There, adequate seasonally changing flows of fresh water into headwater creeks have been shown to be critical to the spoonbill’s food supply. The juvenile birds are very pale (almost white) and obtain their adult pink color by extraction of a red carotenoid pigment from crustaceans in their diet, the same pigment group also deposited in the greater flamingo’s feathers.



GREAT BLUE HERON (GBHE)

The author watched a great blue heron impale a largemouth bass, perhaps 15 inches long and weighing 3 pounds, which illustrates the deadly force with which this sight-oriented heron can attack its prey. That event, at Everglades National Park’s Anhinga Trail, was unusual, and an opportunistic alligator ended up with the prize, which the heron could not have swallowed. The technique of spearing fish from 3 to 12 inches long is common for great blues, which are most abundant in southern Florida in winter when migratory individuals join the resident population, in both interior freshwater wetlands and in saline coastal habitats. This species objects to the close presence of other members of its species, tending to feed alone. Aided by its large size, the great blue heron often fishes in water up to about 2 feet, which is much deeper than for other herons except the closely related great white heron. If attracted by abundant prey, great blues will even swim, like ducks, in water too deep to touch bottom.
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FIGURE 20.4 A roseate spoonbill poses at Mrazek Pond, Everglades National Park. (Photo by T. Lodge.)





GREAT WHITE HERON (GWHE)

There is an ongoing disagreement among ornithologists as to the status of this bird, whether it is merely a color form of the great blue (its current status) or a separate species. Whatever the case, the great white heron is almost completely confined to saline habitats of southern Florida and the West Indies. Close to extirpation after the 1935 Labor Day Hurricane, the Florida population has rebounded well, but Hurricane Donna (1960) set it back somewhat. It is now seen often, usually standing alone in the shallows of Florida Bay. Its habitat specialization makes its niche quite different from the niche of the more ubiquitous great blue. These two large herons occasionally interbreed and produce offspring that were once thought to be yet another kind of heron, called Wurdemann’s heron, recognized as being like a great blue but with a nearly pure white head and neck. Wurdemann’s herons are most often seen in the Florida Keys.
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FIGURE 20.5 Predator takes predator: A great white heron eats a young largemouth bass at the Anhinga Trail, Everglades National Park. (Photo by T. Lodge.)



During spring, juvenile and some adult great white herons may move northward from Florida Bay into the freshwater Everglades. At the Anhinga Trail, located in a freshwater area of Everglades National Park, a voracious individual was observed while spearing and swallowing a young largemouth bass (see Figure 20.5) and about 20 six- to eight-inch golden shiners (see Figure 15.1), which were abundant that year. On other days, it caught and consumed a dragonfly and a small turtle, and swallowed the remains of a dead anhinga, complete with beak intact. In nonflooded coastal habitats, great whites have been seen catching and eating cotton rats. Thus, while most great whites live and feed in Florida Bay and eat fish similar in size to those selected by the great blue, they will also eat nearly anything else they can swallow. This ability to improvise in unusual situations is part of the niche of this variety. Many herons lack such versatility, and such voracity.



TRICOLORED HERON (TRHE)

Formerly called the Louisiana heron, this species ranges widely over the Caribbean region, throughout Florida, and into closely neighboring areas of the southeast. Farther north it is most common in saline tidal areas, but in Florida it also frequents freshwater wetlands. Compared with the great blue heron, this smaller, beautifully colored species is a restless and agile athlete, actively running after the 1–2-inch fish that form the bulk of its diet. Its preferred habitat is a wide expanse of very shallow water; probably 2–5 inches deep being optimal for its highly active style. Tricolored herons normally feed alone but will take advantage of disturbances caused by other animals. Along a tidal creek near Mud Lake in Everglades National Park, the author watched a tricolored walking quickly along the shore while a red-breasted merganser (a fish-eating duck) swam a parallel course just offshore. The small fish between the two were in a state of panic. Both birds benefited from the confusion. Sailfin mollies and killifishes are perhaps the most common prey of the tricolored heron (Figure 20.6). The exquisitely colored breeding adults, with blue beaks and dark, ruby-red eyes, are the most striking in appearance among southern Florida’s herons and egrets (see Figure 20.13).
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FIGURE 20.6 An immature tricolored heron holds a sailfin molly, Nine Mile Pond, Everglades National Park. (Photo by T. Lodge.)





REDDISH EGRET (REEG)

Slightly larger than the tricolored heron, the reddish egret is a specialist of shallow marine flats at low tide and is seldom found inland. It comes in two color phases: a rusty-brown head and neck with a slate-gray body that is similar to the smaller little blue heron, and a white form that can be confused with the smaller snowy egret and immature little blue heron. The antics of this highly active species include the athletic ability of the tricolored heron in addition to the regular use of wings as a sun visor for shading and maneuvering. Its athletic performance, however, requires fairly regular rests, during which the bird stands motionless for a short time before resuming its agile endeavors. Experienced observers can recognize the reddish egret at a distance purely by its behavior. When this species “fluffs” its feathers, the display of shaggy head, neck, and back feathers is quite a surprising treat. During feeding, these feathers are normally held flat against the body. The reddish egret’s decorative feathers brought it closer to extinction by plume hunters than any other species. Its recovery since the early 1900s has been very slow.



GREAT EGRET (GREG)512

Through its series of official name changes from the misnomer “American egret” (the species is found not only throughout most of North, Central, and South America but also in Europe and much of Africa, Asia, and Australia), to “common egret” (despite being almost extirpated in North America by plume hunters in the early 1900s), to the current “great egret,” the bird has remained the same. “Great patient egret” would be a more descriptive name for this species. Periods of nearly motionless stance followed by a slow, careful walk describe its normal style. It prefers to feed alone in open marsh habitat. However, in times when food is concentrated into pools by low water, it will feed near others of its own species as well as other kinds of wading birds. Its posture of leaning far forward, with neck outstretched and head held horizontally rather than pointed downward like most herons, is typical. In final efforts of locating prey, it is apt to move its head from side to side, as if to enhance its depth perception. It mainly eats fish, but also takes amphibians, reptiles, and small mammals when the opportunity arises. Many South Florida residents have witnessed great egrets foraging for lizards (anoles) along shrubbery edges, and even taking handouts such as bologna. Based on its wide diet and nonspecific habitat preferences, the great egret is probably the best “generalist” among the region’s wading birds. Its selects substantially smaller prey than the somewhat larger great blue and great white herons (Figure 20.7).
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FIGURE 20.7 A great egret with a very small meal, a mosquitofish. (Photo by T. Lodge.)





SNOWY EGRET (SNEG)

What the snowy lacks in size, this smaller heron offsets by aggressive feeding. Yellow slippers and fast footwork are the trademarks of this gregarious species, which is commonly seen feeding in flocks with various other species. Its behavior varies more than any of its competitors. When wading in shallow water, this swiftly reacting bird often uses its feet in creative ways: stamping, stirring, and probing to flush out potential prey, or even chattering its bill in the water. Some of these actions attract its principal food, the mosquitofish, an inch-long species that is apt to investigate disturbances in seeking its own food. At times, a snowy will search slowly and carefully, but more often it acts nervously, turning quickly and jabbing at prey, especially when competing with other waterbirds. It may even feed on the wing, like a seagull, when prey is abundant in water deeper than its very shallow preference. As anyone can see, the snowy egret sports beautiful plumes in the breeding season and was another target of plume hunters. Like the great egret, its numbers were decimated in the early 1900s, but it recovered well.



LITTLE BLUE HERON (LBHE)

The most characteristic feeding behavior of the little blue can be described as meticulous investigation. This species is most at home along wetland edges, where it walks very cautiously and carefully, examining any obstacles such as stones, plants, and logs. While the little blue will feed competitively with other herons in shallow, open water, it looks awkwardly out of place, as though it has been pushed into an activity for which it has limited enthusiasm or training. The little blue’s preferred techniques give it a strikingly different diet than the previously described species. Small frogs and polliwogs, insects, grass shrimp, crayfish, spiders, and other invertebrates form a much larger proportion of its diet than is normal for the other herons and egrets (Figure 20.8; also see Figure 20.13). Much of the little blue’s prey is caught on vegetation above the water level, but like all the other wading birds, it will take available fish. Identification of juveniles is tricky because they are white and resemble snowy egrets, but the little blue’s two-toned beak is distinctive.



GREEN HERON (GRHE)

With limited observation, the green heron (formerly the “green-backed heron”) looks like a bird with no neck. Even experienced observers are surprised when this squat little heron suddenly thrusts forth a neck far longer than expected from the well-concealed S-shaped coil beneath a cover of feathers. Its legs are relatively short for herons but deceptively longer than they appear during the bird’s normal crouched stance. Found in numerous color varieties throughout the world’s temperate and tropical climates, green herons are most at home perched on rocks, roots, or tree branches, waiting for prey to come within reach. They seldom wade, but will stand quietly in very shallow water in protected areas. When potential prey comes within range, this little predator may begin to stretch out, with neck and legs extended, in anticipation of striking, and may even leap from its perch into the water.
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FIGURE 20.8 A little blue heron with a crayfish, Corkscrew Swamp Sanctuary. (Photo by T. Lodge.)



This species is one of the few in the heron/egret group that prospers in years when no pronounced drydown occurs. It is easily understood why the green heron is a poor competitor in a shallow, dry-season pond full of other, much larger wading birds. However, what this little heron lacks in competitive prowess is compensated by innovation: some individuals learn to attract prey with bits of food. This phenomenon has been observed where fish food is available, such as in zoos and outdoor public aquariums. The birds will find a piece of food, drop it in the water, and catch the fish that arrive to eat it. In the wild, individuals may use berries or other objects to attract curious small fish. This learned, specialized skill helps the green heron feed in locations where fishing might otherwise be poor, and where there is little competition.



BLACK-CROWNED NIGHT-HERON (BCNH) AND YELLOW-CROWNED NIGHT-HERON (YCNH)

While most other herons will feed at night, the night-herons, which are common in southern Florida, are specialists at nocturnal feeding and are seldom seen in daytime feeding groups of the other wading birds. Both species have large eyes, which are a beautiful deep red in adults. Both feed heavily on crabs, crayfish, and other large aquatic invertebrates, but will take fish without hesitation. In a display of creativity similar to that of the green heron, a juvenile black-crowned night-heron was observed catching a damselfly, which it did not eat (Figure 20.9). After killing the insect with a pinch, it placed the damselfly on the water surface and then slowly backed away 6–8 inches to watch motionlessly from its perch on a low branch of a shrub. A minute passed as the damselfly drifted about, when the heron carefully retrieved the floating insect, minced it slightly, and repeated the process—several times. No fish approached, but the bird obviously appeared to be fishing, a behavior not normally associated with this species. Better known are the black-crowned night-heron’s occasional infamous raids of nesting colonies to feed on the chicks of other wading birds.
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FIGURE 20.9 A juvenile black-crowned night-heron with a damselfly, Anhinga Trail, Everglades National Park. See text for explanation. (Photo by T. Lodge.)






WADING-BIRD ROOKERIES131,259,261,423,579,672

Most of the wading birds nest in large colonies, typically in trees on small islands such as mangrove islands in Florida Bay or tree islands in the Everglades (Figure 20.10), but white ibis have been known to nest in sawgrass. The social nesting aggregations are called rookeries and usually contain a mixture of species, with great egrets perhaps nesting close to tricolored herons and white ibis. Some birds fly great distances from their rookery to foraging locations. Wood storks, unusually adept at soaring on rising air currents (thermals), often commute great distances compared with other wading birds. While 80% of their foraging is within about 12 miles, as far as 35 miles is not uncommon and a maximum of 80 miles has been observed.135,578,662 Great egrets normally fly relatively shorter distances, and the majority travel less than 5 miles; however, small numbers do fly more than 15 miles and, occasionally, as far as 25 miles. Most white ibis commute less than 6 miles, and while much longer flights have been recorded, they are usually by birds from failing (starved) colonies.48

Rookeries commonly contain anhingas, cormorants, and brown pelicans in addition to wading birds. A few wading birds, such as green herons and reddish egrets, do not join rookeries but instead nest in separate locations. Outside the breeding season, most of these species and other wading birds disperse, using shifting sites for roosting.
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FIGURE 20.10 A snowy egret nest, braced on a cardinal airplant growing on a small cypress, western Water Conservation Area 3A. (Photo by T. Lodge.)



Most rookeries of the Everglades were formerly located in the southern part of the ecosystem near the mangrove-marsh ecotone, now in Everglades National Park. Rookery Branch (see Figure 8.1), located at the head of the Shark River and once home to the largest of the region’s rookeries, is now abandoned. In the 1930s, it harbored as many as 200,000 birds, mostly white ibis. Such huge rookeries have been called “super colonies.” Many of the birds that formerly nested in the park have moved north into the water conservation areas where new rookeries were initially unstable. The numbers of nesting birds there has increased greatly, beginning in the late 1990s and continuing into this century. Corkscrew Swamp, the most famous existing rookery in southern Florida, is located northwest of the Big Cypress Swamp. It is almost entirely dominated by wood storks, but recently spoonbills have nested there also. Chapter 22 includes a discussion of the major changes in rookeries.



THREATENED AND ENDANGERED BIRDS87,245,398,662,808

Several Everglades birds are listed as threatened or endangered under Florida and/or federal regulations. In addition to these categories, Florida regulations also contain a status of lesser jeopardy called species of special concern, which has been given to several wading birds such as the roseate spoonbill, white ibis, snowy egret, reddish egret, little blue heron, and tricolored heron. Prominent issues in the management of the Everglades have focused on three endangered birds: the wood stork (discussed elsewhere in this chapter), the snail kite, and the Cape Sable seaside sparrow.


SNAIL KITE61,62,87,157,177,239,403,492,543,748,884

The snail kite is related to hawks and eagles, and is about the same size and shape as the commonly seen red-shouldered hawk. It differs from the hawk in that it is generally dark brown (female) or slate black (male, Figure 20.11), with white at the base of the tail. While the species is also found in Cuba and Central and South America, our population is a subspecies that only occurs in southern Florida, isolated from the other populations because it does not migrate. The names “Florida snail kite” and “Everglades snail kite” plus the former name, “Everglades (or Everglade) kite” refer to the Florida subspecies. Populations in Florida are mostly in the Everglades, Lake Okeechobee littoral zone, wetlands of the Kissimmee chain of lakes, and marshes of the St. Johns River.

The beak of the snail kite is a narrow curved hook. This adaptation allows it to eat its primary food, the applesnail, which it snatches in its talons from the water while hovering. Snail kites seldom take other prey, but they have been known to catch small turtles and crayfish when snails are scarce.59 The specialized diet renders the snail kite extremely habitat-specific to shallow, long-hydroperiod marshes that contain sufficient applesnail populations, where the snails are visible and the water surface is not obstructed by dense vegetation such as cattails. Lake littoral zones, sloughs with scattered emergent vegetation, and long-hydroperiod wet prairies are optimal habitats, provided that trees are locally available for perching. Snails are most vulnerable while breathing; they are usually caught while on vegetation within about 4 inches of the surface and are probably safe from predation much deeper than that. Of importance, there are now introduced species of applesnails. Of these, the island applesnail has become abundant. It grows to nearly twice the diameter of the native Florida applesnail (see Chapter 14), and while adult snail kites feed on island applesnails, fledgling snail kites often drop them. Thus, there is concern that displacement of the Florida applesnail by this exotic species may lower the survival of juvenile snail kites, but recent work indicates that snail kite populations may actually benefit.113,157,239

It was formerly thought that snail kites did not relocate in search of suitable habitat when local conditions deteriorated, but tracking studies have shown that some individuals move great distances throughout their range in Florida, which extends from the southern Everglades northward to the St. John’s marshes east of Orlando. However, most individuals do not move far, and are vulnerable to local loss of snails and to fragmentation of habitat.
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FIGURE 20.11 A male Everglades snail kite (a) locates, (b) catches and (c) flies off with a Florida applesnail in western WCA-3A, March 2012. (Photos by T. Lodge.)



The snail kite population in Florida has gone through excessive changes. With only scattered documentation, large flocks of a hundred or more birds were occasionally reported in the early 1900s. By the 1960s, the total Florida population was as low as 20 birds. Annual counts showed wide fluctuations, but by 1992 there were over 700 in Florida, of which just over 200 were in the Everglades. From 2000 to 2008, numbers declined by three-quarters, the result of two intervening droughts. There was poor success for the population in both Lake Okeechobee and the Everglades (where only WCA-3A has had significant use by snail kites). Improved conditions from 2009 through 2014 produced consistent population increases, but without recovering the numbers present before 2000. Fluctuations are due to short-term problems (natural droughts and water-management dry conditions) and long-term progressive losses and fragmentation of habitat. Widely scattered habitat fragments, even those that support applesnails, are normally not used by snail kites, or require flight distances too great for successful commuting.61,239,492



CAPE SABLE SEASIDE SPARROW (CSSS)87,153,177,223,457,495,496,572,618,622,811,826

The seaside sparrow is a small, cryptically colored habitat specialist, seldom found outside coastal salt marshes. It builds nests woven of grasses and suspended in dense tussocks, and it feeds mostly on insects and spiders in a secretive lifestyle. Four subspecies have been recognized. The two most abundant occur along the northern Gulf Coast from just north of Tampa, Florida, westward through Texas, and along the Atlantic coast from northeast Florida to New England. A third subspecies is the Cape Sable seaside sparrow (CSSS is its common acronym), named for its former occurrence in salt marshes on Cape Sable. It is nonmigratory and endemic to the extreme South Florida mainland where its current restriction to freshwater wetlands is unusual for the species.

The CSSS attracted attention when a population monitored between the 1950s and 1970s decreased by an estimated 95%. The entire range of the CSSS is within Everglades National Park and the southern Big Cypress National Preserve, the most restricted range of any North American bird. It is now confined to areas of marl prairie habitat dominated by muhly grass on both sides of the Shark River Slough, where six subpopulations, designated “A” through “F,” have been monitored since 1981 (Figure 20.12).223 Until the 1990s, subpopulation A (the only population on the west side of the Shark River Slough) had about 2,500 individuals, but plummeted after 1992, presumably due to high water in the mid-1990s. Despite considerable effort by Everglades National Park to protect the hydrology of the area, subpopulation A has not rebounded, and counts have often found fewer than 100 birds since 2001. Recently, the largest numbers are in subpopulations B and E, hovering around 2,000 birds and 700 birds, respectively, since 2001. Subpopulation B is located generally east of Mahogany Hammock, and E is in the vicinity of Pa-hay-okee Overlook (see Figure 10.1 for location). Other subpopulations have done poorly, with D and F appearing to be on the verge of failure.


[image: Images]

FIGURE 20.12 Cape Sable seaside sparrow subpopulations. Only subpopulation A, now with very few birds, is not designated as critical habitat. (Courtesy of Robert A. Johnson and Caryl Alarcon, Everglades National Park.)



The CSSS’ highly sedentary lifestyle is sensitive to fire, water levels, and nest predation, especially by rice rats and fish crows. Avoiding dense sawgrass habitat, the birds construct nests close to the ground in the sturdy bases of muhly grass tussocks during the dry season. Accordingly, flooding deeper than about 4 inches during the breeding period has been shown to inhibit nesting or cause nest abandonment. Fire is required for maintaining optimum conditions by preventing succession to shrub habitat, but fire also renders the habitat unsuitable for about a year due to the short stature of recovering grasses—not conducive to cover or nesting. Given the small areas of remaining populations and the constraints of the water level and fire, the plight of the CSSS is understandable, and a closely related fourth subspecies, the dusky seaside sparrow of the Cape Canaveral area, was officially recognized as extinct in January 1991. The Cape Sable seaside sparrow issue is one of the difficult legal constraints in Everglades restoration (see Chapter 22, Restoration and the Endangered Species Act).




A CONTEST OF BEAUTY

Details of southern Florida’s avifauna can go on endlessly; however, a contest of beauty presents a fitting finale (Figure 20.13). The most striking of the waterbirds (and not formerly mentioned) is the purple gallinule. This bird has a general shape similar to a small chicken, but it exhibits truly unbelievable colors, which are most enhanced in breeding plumage. The bright red beak is tipped in yellow. The forehead is light blue, and the remainder of the head and the entire breast are a deep purple-blue. The back is an iridescent dark green. The sight of one of these long-toed birds walking across lily pads in the sunlight is breathtaking. Among the wading birds, the tricolored heron in breeding condition is stunning, with blue upper beak and black tip, ruby-red eye, white head plumes, and more. The most striking land bird is a winter resident, the male painted bunting. Sparrow-sized with somewhat secretive habits, it is not easily found but is surprisingly worth the search. With fire-red breast and rump, bright green back, and rich, dark-blue head, it seems almost mythical. How such color can survive in the wild stretches the imagination. Many birds, especially in their breeding plumage, are attractive to the human eye. However, if a contest were based on form and grace alone, the species that stands out is the elegantly graceful swallow-tailed kite, a relative of the hawk and a spring- and summer-breeding resident of Florida.
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FIGURE 20.13 Beautiful birds of the Everglades (photos by the author, unless indicated): (a) Swallow-tailed kite, a spring and summer resident, in Everglades National Park (ENP) at Flamingo; (b) red-shouldered hawk at the Anhinga Trail, ENP; (c) painted bunting, a winter resident of pinelands and hammock edges, perched on a greenbrier stem in ENP (Photo by Pat Gerlach. With permission); (d) little blue heron with a golden topminnow at Shark Valley, ENP; (e) tricolored heron in breeding plumage (Photo by Kelly Folsom. With permission); (f) male anhinga in breeding condition, Anhinga Trail, ENP; (g) purple gallinule foraging over spatterdock leaves at Shark Valley, ENP.




* General sources for this chapter are References 211, 660, and 749.

† English common names of birds have been standardized by the American Ornithologists’ Union (which most guidebooks follow, e.g., References 211, 610, and 698) so that the use of scientific names is not necessary in this text. As a result of standardization, authorities have decided that the English common names of birds are proper nouns and should be capitalized, but there is wide disagreement on this point. For the sake of uniformity in this text, they will not be capitalized (it is standard practice not to capitalize English names of plants and animals).




Section IV

Environmental Impacts
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Buttonwood Canal, 330

Buttonwood embankment, 111, 112, 113, 132, 349

C

C-38, see Kissimmee River

C-43, see Caloosahatchee

C-44, see St. Lucie Canal

C-111 canal, 124, 329

CERP project/spreader canal, 364, 369, 372

controversy and, 129, 329, 330(photo)

maps showing, 126, 281

C&SF Project, see Central and Southern Florida Project for Flood Control and Other Purposes

Cabbage palm, see Palm, cabbage

Caiman, spectacled, 246(footnote), 247, 359

Calcitic mud, see Marl

Calcium carbonate

limestone and, 26(also footnote),

fixed tree island heads and, 69, 71, 72

marine algae and, 127, 128

periphyton and, 49, 50, 51, 123

Caloosahatchee estuary, 171(figure caption), 172

boundaries of, 167

conceptual ecological model of, 172, 293, 295

map for, 295

damaging flows/water quality from Lake Okeechobee to, 154, 162, 167–172, 364

restoration of, 172, 179, 209, 370

threatened and endangered species and, 172

Caloosahatchee (River and Canal)

canalization of, xxviii, 141, 169, 170(map)

C&SF Project modifications of, 150

enrichment of, 129, 162, 169

influence of lake littoral zone, 169, 177

historic conditions, 94, 146, 167, 168

historic rapids at Ft. Thompson, 167, 168

modifications of, xxviii, 168–170

maps showing, 15, 30, 92, 138, 139, 152, 166, 170

name, 165(footnote)

Lake Okeechobee and, 147

connection to xxviii, 6, 148

historic separation from, 6, 148

stages of, and river/canal, 162, 168

Okeechobee Waterway and, 150

tidal influences in, 167, 170(footnote)

Calusa Indians, 148, 165(footnote), 167, 317, 319, 320; see also Native Americans, specific topics

demise of, 317, 319

Canal(s), see specific canals

Cape Romano, 20, 120, 125

map showing, 11

Cape Sable, 125

formation of, 132

gopher tortoise and, 246

loggerhead turtle and, 241, 242(in table), 243

maps showing, 11, 21, 92, 109, 126, 138

Cape Sable seaside sparrow, see Sparrow, seaside

Caprock, see Limesone, caprock and

Carl Ross Key, 125, 132

map showing, 126

photo showing, 133

Castellow Hammock, 82, 89

Cat, domestic (house), see Introduced species

Catfish, 146, 221, 293

fishery in Lake Okeechobee, 143, 158–160

Lake Okeechobee food web and, 292(in diagram), 293

species in Lake Okeechobee, 158

walking, 222(in table), 225, 355(in table), 359

Cattail(s), 40, 75, 102, 157(in table), 297(in diagram)

airboat trails and, 362

damage to Everglades values and, 48(footnote), 51, 59, 62, 75, 279

disturbance and, 48, 362

occurrence in Everglades,

modern, 40, 48, 49(figure caption), 76, 249

historic, 49

phosphorus/nutrients and, 49(figure caption), 51, 75, 76, 340, 346

photos/maps of, 49, 244, 251, 326

species of in the Everglades, 38(in table), 48

spikerush inhibition of, 48(footnote)

STAs and, 366

sulfide and, 345, 346

Central and Southern Florida Project for Flood Control and Other Purposes (C&SF Project), 150, 321, 338, 369

8.5-Square-Mile-Area and, 325

agriculture and, 325, 331–333

authorization of, 150, 321

chronology of events and, 322, 323

coastal waters and, 336–338; see also specific water bodies

ecological effects of in the Everglades, 338

economic justification for, 325

Everglades Agricultural Area and, 324(map), 325, 331–333

Everglades features of, 324–327

Everglades National Park and, 328, 364

intent of, 321, 324, 327, 364

Lake Istokpoga and, 143, 326

Lake Okeechobee and, 150, 326

land development and, 331–338

major features/components of, 150, 321, 324–328

modifications to, 328–330

“Restudy” and, 323, 368; see also Comprehensive Everglades Restoration Plan

rock mining and, 335–338

saltwater intrusion and, 321, 326, 330, 334(Figure caption)

seepage and, 322(in table, see 1960–65), 328, 329

wading birds and, 349

water conservation areas and, 325, 365

CEPP (Central Everglades Planning Project), 162, 308, 309, 368, 372, 373

Lake Okeechobee and, 378

recommended plan of, 373(map)

CERP, see Comprehensive Everglades Restoration Plan

Charlotte Harbor, 165–167, 170; see also Caloosahatchee estuary

Calusa Indians and, 167

ecological deterioration of, 170

geologic origin of, 165

hurricanes and, 165, 167

maps showing, 11, 15, 138, 166

productivity/values of, 167

tides of, 167

Charlotte Harbor Proper, 165

Chatham River, 95

maps showing, 92, 96, 109

Clastic sediments

kinds of, 28

land formation and, 28–30

transport of, 29, 30, 125, 130, 165, 167, 173

Climate and weather, 10–16

cold fronts, 12–14

freeze occurrences by, 75, 201

hammocks and, 80

mangroves and, 113

mosquitoes and, 82

tropical biota and, 201, 208(footnote), 224, 352

water levels and, 103, 104

El Niño and, 14, 46, 154, 178, 365, 375

hurricanes and, 14

La Niña and, 14, 375

Climate change/global warming, 10, 295, 352

Everglades restoration and, 294, 375, 378

sea level and, 294, 296(in diagram), 375

Coe, Ernest F., xxv, xxvii, 322

Cold fronts, see climate and weather

Competitive exclusion, 268

Comprehensive Everglades Restoration Plan (CERP), 368–374

adaptive monitoring, assessment, and management, 369, 371, 375

alternatives development, 369, 370

authorization chronology of, 323

Biscayne Bay Coastal Wetlands and, 195–197

Caloosahatchee/Charlotte Harbor and, 172

climate change/sea-level rise and, 375, 376

economics of, 376, 377

Endangered Species Act and, 374–375

guiding principles of, 368, 369

Lake Okeechobee and, 162

Loxahatchee River NW Fork and, 185

models used in, 300, 301, 304, 305, 306(figure), 369

selected alternative (D13R) and components of, 369

related non-CERP initiatives, 364–368

reservations regarding, xvii

Restoration, Coordination, and Verification (RECOVER), 301, 371

water quality and, 344, 347

Confining unit, see Aquiclude

Continental drift, see Plate tectonics

Corkscrew Swamp, 85, 94, 97, 102, 105, 257, 269, 279

map showing, 92

photos taken in, 250, 276

Cougar, see Panther, Florida

Coyote, 259

Crab, blue, 172, 209, 210, 247, 254

Crayfish, xxx, xxxi, 210, 214, 215

agriculture (rice), potential use in, 332

CEPP alternatives and, 307

conceptual ecological models and, 296

food web and, 49, 235, 247, 250(photo caption), 258, 276, 277, 290, 291(in diagram)

photos showing, 215, 276

rocky glades and, 42

species of in the Everglades, 212(table), 214, 215, 308

sulfide toxicity risk and, 341, 347

white ibis and, 271

Creek habitat, 9, 37, 46

similarity to alligator hole, 46, 47, 113, 252(footnote)

Crocodile, American, 247, 248, 253, 254

compared to alligator, 248, 253

distribution of, 253

nesting of, 253, 254, 354

photo of, 253

population status of, 254

prey and predators of, 253, 254, 259, 355

roadkills/highway design and, 254

Crocodilians, general coverage, 246, 361; see also Alligator, Crocodile

C&SF Project, see Central and Southern Florida Project for Flood Control and Other Purposes

Custard apple, see Pond apple

Cyanobacteria, 50, 160

Caloosahatchee and, 171

Lake Okeechobee and, 160, 292

nitrogen fixation and, 160

periphyton and, 50

Cypress, xxx

bald, 63, 100–102, 145(photo), 148, 168, 182(photo)

dispersal of, 99, 207

dwarf/hatrack, 9, 42, 65, 96, 99(photo), 100

fire and, 99, 100, 102

knees, 110, 143(photo)

hydrology and, 103

melaleuca and, 354

pond, 63, 100

species of, 63

Cypress dome, 9, 20, 21, 65, 74, 91, 96, 97, 99

photos showing, 43, 66, 99, 100

Cypress head, 9, 20, 62, 65; see also Tree Islands

Cypress strand/slough, xxx, 17, 100, 101, 103

Cypress swamp/forest, 20, 21, 65, 91, 94, 97, 99, 100, 101(photo)

D

D13R (selected alternative of CERP), 307(in figure), 369

Dade County pine, see Pine, slash

Davis, John Henry, xxix, xxxii, 20

Dayhoff, Fred, xxix, 91(footnote)

Dayhoff Slough, 95, 96(on map)

Decompartmentalization (“Decomp”), 59, 369, 372, 380; see also Central Everglades Planning Project

Decomposers, food chain and, 288, 289

Deep Lake, 102

map showing, 92

Deer, white-tailed, 256, 259, 260(photo), 319

Everglades populations, xxxi, 260

Everglades restoration and, 305

food web and, 291(in diagram)

mercury and, 342

predators of, 259, 261

Key, 256, 260

tree islands and, 61, 71, 73, 74

Democrat River, 146

map showing, 152

Detritus

defined, 115, 288

food chain and, 210, 288–294

Lake Okeechobee food web and, 291–293

mangrove swamp food web and, 115, 293, 294(in diagram)

oysters and, 210

Devil’s Garden, The, 94

map showing, 92

Dispersal, 201; see also specific plant and animal groups

animals, 208, 209, 215, 218, 235

codependence and, 205, 218

corridors and, 90, 221, 261

fishes and, in Everglades, 257

hurricanes and, 205, 207

Native Americans and, 201(footnote)

planktonic larvae and, 209, 229

plants, modes of, 112, 202–208

birds and, 81, 202

spiders, 217

wind and, 202–205, 207

wind-driven water/rafting and, 214

Disston, Hamilton, 148, 176, 317, 322

Douglas, Marjory Stoneman, xx, xxv, xxvi, xxvii–xxix, 3, 94, 321, 322

photo of, xxviii

Dragonflies, 212, 216, 273, 293

photo of, 217

Duck(s), xxx, 273

Everglades species of, 266, 267

in EAA, 332

Dwarf cypress prairie, 42, 43(photo), 65, 91, 96, 99

E

EAA, see Everglades Agricultural Area

Ecological niche, 267, 268, 272, 273

defined, 267, 268

EFA, see Everglades Forever Act

Egret; see also specific topics

cattle, 264

great, 266, 274, 275

Everglades populations of, 348, 351

mercury and, 343

photos of, 250, 275

reddish, 132, 265, 266, 274, 279, 348

snowy, 266, 274, 275, 279

Everglades population of, 348, 351

photo of nest, 278

Eight-and-one-half-Square-Mile-Area, see 8.5-Square-Mile-Area

Elephants, there are no elephants in the Everglades!

El Niño, see Climate and weather

Endangered Species Act

American alligator and, 248

C&SF Project and, 329

Everglades restoration and, 367, 374, 375

House (domestic) cat and, 360

Endemic species/subspecies, 221, 224, 265

Cape Sable seaside sparrow, 281

defined, 89

plants, 87(in table), 89, 90, 97, 202, 206(in table)

snails, 214

Epiphytes, 81, 102, 121, 204, 205, 218

dispersal of, 204

mangrove swamps and, 108(in table), 120, 121

pond apple and, 74, 102

Estivation, see Aestivation

Eutrophication (and eutrophic), 143, 167, 169

defined, 159

Lake Okeechobee and, 48, 159, 160, 339

Evapotranspiration, 101, 137(footnote), 299(also graphic), 304

defined, 298

Everglade snail kite, see Kite, snail

Everglades, The; see also specific topics

age of, 30

boundaries/definitions of, 4, 5, 7, 17, 19, 180, 302

“central,” defined, 7, 8

chronology of events, 220, 221

drainage of, xxvii, xxviii, 52, 57, 129, 148, 321

early exploration of, 3, 4, 16, 146, 147

flow pattern in, see Everglades, water flow in

mapping of, 3–5

maps (selected) showing, 4, 5, 17, 19–21, 138, 324, 326, 327

mercury, see Mercury

“northern,” defined, 7, 8

origin and evolution of, 18, 33, 57, 58, 146, 147, 285

origin of the word, 3

patterned landscape in, see water flow in, ridge-and-slough landscape (below)

phosphorus issues and, see Phosphorus

plant communities and environments in, 9–10, 37, 39(diagram), 40–46

plant species in, 38

political importance, 3

predrainage map of, 17

restoration of, see Comprehensive Everglades Restoration Plan

ridge-and-slough landscape in, 21, 44, 53–59

conceptual ecological model of, 295, 297

singular vs. plural, 3

size of, 6

slope of, 16

soils in, 7, 18, 33, 51, 52

“southern,” defined, 7, 8

sulfur, sulfate, sulfide issues and, see Sulfur; Mercury

uniqueness of, 6

values of, 4, 6

vegetation changes, xxx, xxxii

wading birds in, see Wading birds, specific topics

water depths in, 16, 46, 47

water flow in

pattern of, 16, 53–56

rates of, 16, 57, 59

ridge-and-slough-landscape and, 57–59

water quality in, 46, 48, 49, 321, 338–347; see also Phosphorus; Sulfur; Mercury

watershed of, 15 (map), 16

western, see Big Cypress Swamp

Everglades Agricultural Area, xxiv, 7, 171, 322, 331–333

C&SF Project and, 324, 331

CERP and, 308, 347

crops in, 331, 332

Everglades Forever Act and, 364, 365

future of, 333

maps showing, 19, 138, 324, 326, 373

phosphorus and, see Phosphorus

photos showing, 151, 332

stormwater treatment areas (STAs) of, 325, 337, 341, 344, 345 and 346 (in figure captions), 366, 366, 378

maps of, 324, 326, 366, 373

soil subsidence and, 52, 134, 148, 162, 300, 321, 331–333, 341

sustainability and, 333

U.S. Sugar, land purchase options for Everglades restoration, 378

map showing, 379

water management and, 171(figure caption), 331–332

water quality issues of, see Phosphorus; Sulfur; Mercury

wildlife values in, 331–333

Everglades Coalition, xix, xxix, 94

Everglades Construction Project, 339, 340, 364

Everglades Expedited Projects, 371, 372

Everglades Forever Act, 323, 364; see also Stormwater treatment areas (STAs)

Florida Bay and, 129

Everglades National Park; xix, xxiii, 9, 85, 323, 325, 364, see also specific topics

C&SF Project and, 328

CEPP and, 308, 309, 372, 373

CERP and, 308, 369, 370

founding of, xvii, xxv, 320, 322, 364, 377

on maps, 19, 92, 126, 189, 303, 327, 342, 373

mangrove swamps in, 107, 109(map), 112, 113, 115, 116, 209

photos of, 114, 115

mercury and, 342–344

“Mod Waters” and, 365, 367

rookeries in, 279

soil subsidence and degradation in, 52, 56

water management/deliveries and, 46, 56, 129, 322, 325, 328, 329, 340, 349

S-12 structures, map showing, 327; photo showing, 329

Everglades Protection Area, 340, 342, 354, 364, 365

Defined, 339, 364

map of, 342

Everglades restoration; see also CEPP, CERP, Everglades Forever Act, and Modified Water Deliveries

climate change/rising sea level and, 294, 295, 375, 376

maps depicting, 380

Exotic species, see Introduced species

Exotic Pest Plant Council, Florida, 355(footnote)

F

Fairchild, David, xxv, xxvii, 3 (footnote), 322, 379

Fairchild Tropical Garden, xxix, 3 (footnote)

Fakahatchee Strand, 91, 93, 94, 102

accessibility, 102

map showing, 92

logging in, xxvi, 101, 102

Native American habitations and, 101

vegetation in, 98(in table), 101

Feral animals (domestic pig, house cat), see Introduced species, mammals

Ferns, xxxii, 68, 80, 88, 101

dispersal of, 204

epiphytic, 81, 120, 204

leather, 107, 108, 175

in mangrove swamps, 107, 175

in tree islands, 63, 67(in diagram), 68

Fern, leather, 107, 108(in table), 175

Fern, Old World climbing, 353, 354, 357, 378

in Big Cypress Swamp, 105

tree islands and, 69(in photo), 76

Fig, strangler, 63, 68, 78, 81, 97, 202

Fire

alligator holes and, 44, 45, 252(in photo), 287(in diagram)

arson and, 53, 104

Burma reed and, 354

Cape Sable seaside sparrow and, 281, 282

cattail and, 48

cypress and, 99

drainage and, xxvi, xxxii, 57, 104, 288, 321, 338, 364

dry prairies and, 94

ecological role, xxix, 52, 53, 81, 207, 289(in diagram), 290, 296 and 297 (in diagrams); see also Fire, succession and

endemic plants and, 89

firebreaks

natural and, 43, 74, 82, 99

human-made firebreaks and, 53, 338, 361

Everglades evolution and, 20, 71, 90

lightning and, 13, 52, 53, 104

mangroves and, 110

melaleuca and, 356

marl and, 71, 73, 99

Native Americans and, 53(footnote), 318, 319, 321

Old World climbing fern and, 357

peat level and, 52, 53, 100, 376

pinelands and, 86, 88–90, 97, 354

prescribed (control) burns, xxxii, 53, 89

sawgrass and, 37, 40, 41, 52, 53, 65

seasonality of, 18, 52, 53

sloughs and, 43, 102

soils and, 37, 46, 51, 52, 53, 57, 82, 99, 286, 287(in diagram), 322, 338

succession and, xxvi, 52, 53, 89, 282, 285–288

suppression/control of, xxxii, 53, 104

tree islands and, 52, 68, 71, 73, 75, 346

tropical hardwood hammocks and, 81, 97

unnatural regimes of, xxviii, 53, 75, 90, 104, 288

willow and, 65, 73

Fisheating Creek, 137, 142, 150, 161(in figure), 259, 261

maps showing, 15, 139, 166

Indian habitation and, 317, 319

photo showing, 143

Fisheries

Florida Bay and, 230, 298(in diagram)

Caloosahatchee estuary, San Carlos Bay, 170

Lake Okeechobee, 158–160

marine, mangrove swamps and, 113, 115, 293

Fishes; see also specific topics; specific kinds

freshwater, 221–227

biogeography of, 221, 223, 224

dispersal in marsh habitat, 227

Everglades list of, 222

food web and, 225–227

forage species, 226(in photo)

introduced, 225, 355(in table), 358, 359

Lake Okeechobee species, 157, 158

salinity tolerances of, 221, 222–224

marine and estuarine, 191, 194, 229–233

diversity of, 191, 229

Florida Bay list of, 231

game fishes, 191, 194, 230

habitats of, 229

importance of, 233

mangrove swamps and, 113, 115, 293, 294(diagram)

Flagfish, 49, 222, 224, 225, 226(in photo), 290, 291(in diagram)

Flamingo (town of), xxx, 120, 121, 132, 331

on maps, 92, 109, 126

Flamingo, greater, 132, 265, 271

Flatwoods, defined, 85; see also Pinelands

Floc, defined, 57

Flood control; see also Central and Southern Florida Project for Flood Control and Other Purposes

federal role in, 149, 150

Florida Bay, 32, 125–129

age of, 127

aerial photos showing, 126, 127

CEPP/Mod Water and, 367, 372, 373

CERP/Everglades restoration and, 128, 129, 369, 370, 380

conceptual ecological model of, 294–296, 298(diagram)

Everglades National Park and, 9

fishes in, see Fishes, marine and estuarine

freshwater inputs/needs/diversions and, 129, 132, 134, 195, 329–331, 336, 338, 349

geology of, 125, 127, 128

hurricane impacts and, 120

hypersalinity and, 129, 134

islands in, 132, 133(photos)

maps showing, 11, 15, 19, 126, 380

mangroves in, 134

mudbanks in, 125, 132, 134

map showing, 126, 295, 303

navigation in, 127(photo caption), 132

nitrogen in, 129

phosphorus source for, 129

roseate spoonbill and, 129, 351

sea-level rise and, 130, 134

summary of research, 129

Florida Current, 30, 201

map showing, 4

Florida panther, see Panther, Florida

Florida Platform

geologic origin of basement rocks, 26

emergence of land on, 28, 29, 31(map), 32

limestone layers on, 26

isolation from other lands in Caribbean region, 32

Floridan aquifer, see Aquifer, Floridan

Flow of water, see Everglades, water flow in

Food chain/food web, 288–293; see also specific biota groups

biomagnification and, 290

freshwater Everglades, 290, 291

diagram, 291

general diagram, 289

periphyton and, 49–51, 216, 289, 290, 291(in diagram)

Lake Okeechobee, 291–293, 292(diagram)

mangrove swamps and, 293, 294(diagram)

Fort Thompson Formation, 32, 97, 167

map showing, 30

Fort Thompson Rapids, see Caloosahatchee

Fortymile Bend, map showing, 92

Fresh water, defined, 211(footnote)

Frogs, Everglades species of, 236(table)

frog legs, xxxi, 238

Frog Pond, 126(on map), 329

G

Gambusia, see Mosquitofish

Gar

alligator, 224

Florida, xxx, 222, 224, 225, 227

food web and, 291 and 292 (in diagrams), 293

walking catfish and, 359

longnose, 224, 293

Geologic time, (table) South Florida and, 26

Glacial cycles; see also Sea level

biogeography and, 77, 201, 255, 264

cause of, 29(footnote)

climate and, 32, 77, 201, 202

pinelands and, 90

sea level and, 20, 26(in table), 29–33, 127, 130, 131, 201

Global warming, see climate change

Gondwanaland (Gondwana), 23, 26(in table)

Gopher tortoise, see Tortoise, gopher

Grass, muhly, 38(in table), 42, 102; see also Sawgrass

Cape Sable seaside sparrow and, 281

Grass shrimp, see Shrimp, riverine grass

Grassy Waters Preserve, 183(photo), 184, 185

map showing, 180

Green algae, see Algae, green

Gulf of Mexico

fisheries, mangrove swamp value to, 109(map), 113–115

nutrient enrichment in, 129

Gulf Stream, 29(footnote)

maps showing, 4, 24

H

Hammocks, tropical hardwood, 77–83

Big Cypress Swamp and, 97

defined, 77

distribution of, 77

flooding and, 47, 75

fire and, 81, 82, 89

hurricane impacts on, 119

list of species, 78

succession and, 81, 82, 89, 285, 286

tree islands/tree island heads and, 63, 64, 67(in diagram), 69–72

Hardwood, defined, 675

Hatrack cypress, 100; see also Dwarf cypress prairie

Hawthorn Formation, 26(in table), 29, 31, 145

as aquiclude over Floridan aquifer, 29

diagrams showing, 27, 93

map of surface exposure in southern Florida, 30

phosphate mining and, 29

Herbert Hoover Dike, see Lake Okeechobee, Hoover Dike

Herons, Everglades species in table, 266; see also Night-herons; specific topics

great blue, 265, 271, 272

great white, 120, 132, 223(photo), 272, 273(photo)

green, 276, 277

little blue, 215, 216, 276(photo), 279, 283(photo)

tricolored (Louisiana), 273, 274(and photo), 279, 283(photo)

Wurdemann’s, 272, 273

Highland Beach, 125

map showing, 109

Hillsboro Canal, xxviii, 138, 139(on map), 148

Hillsborough Lakes area, 56(footnote), 325; see also Loxahatchee National Wildlife Refuge

Hitchiti (Miccosukee) language dialect, 137, 145, 320(also footnote)

Hog (wild boar), see Introduced species, mammals

Hole-in-the-Donut, 334

Holey Land Wildlife Management Area, 325, 370(in figure)

map showing, 324

Homestead Agricultural Area, see South Miami–Dade Agricultural Area

Hoover (Herbert) Dike, see Lake Okeechobee, Hoover Dike

House (domestic) cat, see Introduced species; see also Bobcat

Hungryland Slough, 182, 185

on maps, 21, 180

Hurricanes, general, 10, 12 (also on weather map), 14, 117–124

characteristics of/destruction by, 120

climate change and, 375

coastal alterations by, 112, 116, 117, 119, 132, 134, 165, 167

conditions for, 12, 14, 124, 375

dispersal of plants and, 121, 124, 205, 207, 356

ecological impacts by, 75, 80, 85, 113, 119–124, 191(footnote), 298(in diagram), 330(photo caption), 354, 356, 357

Florida Bay and, 120, 132, 134

frequency of, 119

Lake Okeechobee and, 137, 147, 148, 159(figure caption), 160, 162

mangroves/mangrove swamps and, 109, 112, 116, 119, 120, 121, 124, 134, 376

storm surge of, 120, 124

tracks of, 118

Hurricanes, specific, see also Hurricanes, general, tracks of

1926, xxvii, 137(footnote), 148, 149, 322

1928, 137(footnote), 148, 149, 322

1935 Labor Day, 119–122, 134, 272

1947, xvii, xxx, 16 (footnote), 120, 137, 150, 321, 322

Andrew (1992), 113, 117, 119, 120

characteristics of, 120

impacts of, 80(photo), 113, 117

mangroves and, 113, 119

pinelands and, 85, 357

Betsy (1965), 109, 124, 330(photo caption)

Charley (2004), 165

David (1979), 117

Donna (1960), 109, 113, 120, 121, 272, 356

Inez (1966), 117, 205, 207

Labor Day (1935), 119–121

great white heron and, 272

soil subsidence caused by, 134

Jeanne (2004), 183(photo caption)

Wilma (2005), 58, 120

Hydric soils, 79, 98, 100

cypress knees and, 110

defined, 7

mangroves/mangrove swamps and, 108, 110, 112

Hydrilla, 156, 157 and 354 (in tables)

Hydrograph, 9

Big Cypress Swamp, 103, 104

defined, 9

Everglades, 46, 47(graphics)

hydrologic modeling and,

Lake Okeechobee, 153–155

Hydropattern, 9, 296(in diagram)

defined, 9

freshwater fishes and, 227, 308

Hydroperiod

alligator holes and, 44, 350

amphibians and, 238, 239

conceptual ecological models and, 296 and 297 (in diagrams)

crayfish and, 215, 308

cypress domes and, 99

defined, 9

dwarf/hatrack cypress prairies and, 100

fire and, 53

freshwater fishes and, 227, 308

grass shrimp (riverine) and, 215

long, defined for Everglades, 9

marl and, 51, 52

melaleuca and, 353

peat and, 51, 52, 100, 285, 376

periphyton and, 50

pinelands and, 98, 100

pond apple and, 74

sawgrass marsh and, 3

seepage/seepage barriers and, 304

short, defined for Everglades, 9

slough and, 43

snail kite and, 279

snails and, 20, 214

succession and, 285, 286 and 287 (diagrams)

transverse glades and, 191

tree islands and, 67(in diagram), 62, 67, 69, 75

variability in, 9

wading birds and, 9, 42, 348, 349

water conservation areas and, xxxii

wet prairie and, 144(in graphic)

marl prairie, 42, 52, 53, 334(photo caption)

peat, 43

wetland restoration and, 304, 334

white zone and, 123

Hypersalinity, 129, 134, 229

I

Ibis; see also specific topics

glossy, 266, 271

white, 215, 216, 266, 269–271, 279, 290, 296(in diagram)

crayfish and, 214

Everglades population of, 348(in table), 349, 351

mercury and, 343, 344

photos of, front cover, 270

rookeries and, 278, 279

Iguana, spectacled caiman and, 359

Indians; see Native Americans

Indian Prairie, 142, 143, 326

Indian River Lagoon, 165, 173–179

alterations of, 173, 175–178

historic freshwater ecology and, 173

maps showing, 11, 174

restoration plan and, 178, 179

Insects; see also specific types

aquatic, 211, 216, 217

enriched waters and, 48

food web and, 49

table of Everglades kinds, 212

introduced species, 105, 354, 356, 358

slash pine and, 85

terrestrial, 218

Interglacial periods and deposits, 26(table), 29–33

Intertidal habitat and zone, 107, 108, 111, 112, 130, 132, 206(in table), 293

Intertropical Convergence Zone, 66

Introduced species, 347, 352–361, tabulation of selected biota, 354–355; see also specific kinds

amphibians, 322, 323

animals, 357–361; see also specific kinds

birds, 249, 323

fishes, 235, 358, 359

mammals, 256(in table), 257, 259, 360

feral pig, 259, 360

house/domestic/feral cat, 360

invertebrates, 213, 214, 358

reptiles, 359, 360

controls for, 360, 361; see also specific species

environmental impacts, general, 352, 353

plants, 353–357, 360, 361; see also specific kinds

chart of, 353

Invasive exotic species; see Introduced species, and specific kinds

Invertebrates, 209–219; see also specific kinds, specific topics

Everglades freshwater, 211–219

aquatic insects, see Insects, aquatic

biogeography of, 211

food web and, 219, 290, 291(diagram)

introduced, 213, 214, 358

table of, 212

importance of, 219

Lake Okeechobee food web and, 291, 292

marine and estuarine, 209, 210; see also specific kinds

biogeography of, 209

mangrove food web and, 293, 294(diagram)

table of species mentioned in text, 210

larval dispersal of, 209

terrestrial, 217, 219

J

Jonathan Dickinson State Park, 179, 180(on map), 181, 182(photo caption)

Jupiter Inlet, 173, 174(on map) 186

K

Key Largo Limestone, 32, 125, 190

map showing, 30

Key Largo woodrat, see Woodrat, Key Largo

Keystone species, 215, 246, 253

Killifish(es), 224, 273

Everglades freshwater species, 222

food chain and, 225, 291(in diagram)

Florida Bay marine/estuarine species, 231

least, 225, 226(photo), 290

marsh, 225, 227

drydown survival, 227

pike, 355(in table), 358(photo)

Kissimmee-Lake Okeechobee-Everglades watershed, xxviii, 15 (map), 139(map), 168, 173, 377

Kissimmee River, xxviii, 4, 137–142, 162, 377

canalization of, xxviii, 141, 150, 322

C&SF Project and, 150, 321, 324, 326, 331, 364

historic condition, xxviii, 15, 138–140, 317, 318

maps showing, 5, 15, 138–140, 152, 380

navigation on, 7, 140, 168

nutrient loadings to Lake Okeechobee, 160, 161, 162

restoration of, xxviii, 141(photo caption), 142(also photo), 172, 323, 323, 331, 364, 380

Upper Chain of Lakes, 138–140, 279

maps showing, 139, 140, 380

Kite

snail (snail kite), xxx, 61, 184, 266, 279, 280(and photos), 296(in diagram)

airboats and, 362

Across Trophic Level System Simulation and, 305

applesnails and, 211, 213

conflict with Everglades restoration, 367, 375

food web and, 290, 291(in diagram), 293

Lake Okeechobee and, 155, (photo caption), 158, 293

swallow-tailed, 266, 282(photo), 284

KLOE, see Kissimmee-Lake Okeechobee-Everglades watershed

L

La Niña, see Climate and weather

Labor Day Hurricane of 1935, see Hurricanes, 1935 Labor Day

Lake Belt, Miami–Dade County, 327(on map), 336, 337(photo)

Lake Flirt, 168, 170(on map), 172, 317

Lake Flirt Formation, 30(on map)

Lake Hicpochee, 148, 168

maps showing, 139, 152, 166, 170, 172, 317

Lake Istokpoga, 142, 143, 145(photo), 152, 160, 369

maps showing, 20, 138, 139, 144, 380

miniature Everglades and, 143, 144(map caption)

Lake Okeechobee, xxviii, 137–162

agriculture and, 6, 51, 52, 138, 147, 148, 151(photo)

backpumping and, 138

basin, geologic origin of, 145

benthic macroinvertebrates in, 160, 292

birth of, 18, 26(in table), 33, 145

blind/dead rivers and, 146

C&SF Project and, 149, 150

canal connections, xxviii, 148, 150, 152

Caloosahatchee, 148

historic condition, 5, 146

St. Lucie Canal, 148

climate effects of, 11

damaging flows to estuaries and, see Caloosahatchee (river and canal); St. Lucie Canal

diking of, xxviii, 148; see also Hoover Dike

discovery of, 4, 144

drainage/lowering stage of, xxviii, 148

eutrophication of, 143

evolution of, 18, 26(in table), 33, 145, 318

Everglades relationship to, see predrainage Everglades and, below

fishes and fisheries, 157, 158

flood control and, 150

flooding disasters and, 149, 150

geologic considerations, 27(on diagram), 28, 29, 31, 145

Hoover Dike, 137, 143, 150, 152(in diagram)

integrity of, 153

photos showing, 151

hydrograph of, 154

littoral zone, 152, 153(in table), 155, 156

Hoover Dike and, 152, 155

changes due to lower stages, 152, 154(also hydrograph), 155

map showing, 152

photos showing, 155, 158

vegetation in, 155, 156, 157(table)

manatees and, 158, 261

maps showing, 4, 5, 11, 15, 17, 19–21, 30, 31, 92, 118, 138, 139, 144

names for, 144, 145

Native American habitation and, 144, 148, 317, 319, 321

navigation and, 150

pelagic zone, 156, 157

phosphorus levels in,

historic level of, 48

modern, 159–162

photos showing, 151, 155

phytoplankton in, 156, 160, 162, 291–293

predrainage descriptions of, 4, 9 (footnote), 17, 19, 146, 147

predrainage Everglades and, xxviii, 4, 75, 137, 146, 147, 150, 152(in diagram)

regulation schedules of, 150, 153

restoration and, 153, 162

rookeries and, 348(footnote)

sediments in, 147, 152, 159–162

size (area) of, 3, 137, 146, 147(in table)

snail kite and, 279

stages (water levels) of, 16, 147(in table), 148, 152(in diagram)

U.S. Army Corps of Engineers responsibility for, 150

surveys for establishing, 148, 153, 154, 162, 163

summary of, 162

total maximum daily load and, 160

vegetation and wildlife, 155–158

water sources for, 4, 137

water quality and, 48, 129, 141, 159–162

watershed of, 137–144

Lake Worth Lagoon, 165, 185–187, 336, 338, 369, 370(in figure)

conceptual ecological model of, 293, 294, 295(on map)

map showing, 180

photo showing, 186

Levees/canals,

L-28 (including Tie Back), 95, 104, 325

maps showing, 55, 281, 324, 327, 373

L-28 Interceptor, 340, 365, 369

maps showing, 55, 324, 327

L-29, see Tamiami Canal

L-30, 325, 368(in photo caption)

map showing, 189, 281, 327, 373

L-31N, 301, 304, 206(photo), 323, 325, 328, 329, 368(in photo caption); see also Seepage Barrier, L-33N

map showing, 189, 281, 306, 327, 373

L-31E, 194, 195

map showing, 189, 196

L-67 (including A, B, and C), xxvii, 59, 328, 340, 344, 367

maps showing, 19, 55, 281, 327

photos showing, 328, 329, 350, 373

L-67 Extension, 344

map showing, 306, 327, 373

Lightning, see also Fire

fire and, 10, 13, 52, 104

hammocks and, 80, 81

seasonality, 12, 13, 14, 52

Liguus, see snail, Florida tree

Lime mud, see marl

Limestone; see also specific kinds/formations

aquifers, and 26 (in table), 26–28, 49

bedrock and, 18, 26, 31–33, 42, 69, 79, 90, 93(in diagram), 95, 145, 190, 285, 286

caprock and, 95

construction material use of, 150, 335–337

formation of, 26, 125–128, 190

marl prairie and, 42

phosphorus source in, 48, 73, 339

porous/transmissive character of, 18, 32, 49, 299(in diagram)

rock-plowing/soil formation and, 334

sinks/solution holes/cavities (karst) and, 39, 79, 80, 86, 90, 95, 165, 214, 317

tree islands and, 69, 70, 72, 73

water quality and, 48, 50, 338

Limpkin, 264, 266, 290, 291(in diagram)

Florida applesnail and, xxvi, 211

photo of, 213

Little Salt Spring, 102, 318

Live oak, see Oak, Virginia live

Lizards, Everglades region, 83, 241–244; see also specific kinds

introduced species of, 352, 355(in table), 359

LNWR, see Loxahatchee National Wildlife Refuge

Lone Cypress, 148, 149(photos), 162, 168, 170(on map)

Loop Road, xxix, xxx, 95, 99(in photo caption), 102, 105, 320

maps showing, 92, 96, 109, 327

Lostmans River, 104, 113

map showing, 92, 109

Lostmans Slough, 44, 94, 320

map showing, 17, 19

Loxahatchee National Wildlife Refuge, Arthur R. Marshall, 7, 56(footnote), 65, 268, 325, 340, 362

Everglades Forever Act/phosphorus and, 323, 364

Everglades restoration (CERP) and, 370

maps showing, 180, 324, 326, 366

mercury and, 344

ridge-and-slough landscape and, 56, 62

tree islands and, 68, 69, 357

photos showing, 64, 68, 69

Loxahatchee peat, 51

Loxahatchee River, 120, 175, 179

Loxahatchee Slough and, 18

modifications to, 165, 180

maps showing, 174

name origin, 179(footnote)

Northwest Fork of, 179, 181(footnote), 184, 185

photos showing, 181, 182–184

restoration of, 185

Loxahatchee Slough, 18, 65, 181, 182, 184, 185; see also Grassy Waters Preserve

maps showing, 15, 17, 180

photo in, 183

separation from the Everglades, 184

Lygodium, see Fern, Old World climbing

M

Mahogany, West Indian, 77, 78, 79, 121(footnote)

cold tolerance/northward limit of, 78(footnote), 202

dispersal of, 77, 203

Mahogany Hammock, 82, 83(photo), 86, 132

fire and, 82

maps showing, 109, 126

Mammals, 246(footnote 2), 247, 255–261; see also specific types

biogeography of, 255

dispersal of plants by, 203, 207

Everglades species list of, 256

Florida Keys subspecies of, 256–260

introduced, 256(in table), 257, 259, 355, 360

Manatee, West Indian, 173, 256(in table), 261

Caloosahatchee and, 172

Lake Okeechobee and, 158

Lake Worth Lagoon and, 187

Native Americans and, 319

Mangrove; see also Buttonwood; Mangroves; Mangrove swamps

black, 107, 110–112

occurrence/habitats of, 109

pneumatophores of, 110, 111(photo)

salt balance and, 111

red, 107–110

adventitious roots/prop roots and, 108, 109, 110(photo)

Native Americans and, 319

occurrence/habitats of, 108–110, 121, 123, 133 (photos)

photos showing, 110, 114, 123, 133

propagules of, 112, 124

salinity range of, 109, 110

white, 107, 111, 112

occurrence/habitats of, 111

pneumatophores of, 111

Mangroves; see also specific types above; Mangrove swamps

cold tolerance of, 112

dispersal of, 112

fire and, 110

hydric soils and, 110, 120

hydrogen sulfide tolerance and, 112

legal protection of, 116

oyster bars and, 112, 113, 114(photos)

pruning/defoliation and, 110, 120

reproduction and dispersal of, 112, 203

salt balance and, 111

species of, 107, 108(in table)

Mangrove islands, 61, 125

bird nesting/roosting/rookeries and, 132, 271, 278, 348, 349

photos of, 114, 133

Mangrove swamps, 8, 95, 107–116

Brazilian pepper and, 354, 356

buttonwood embankment and, 111, 112, 113, 132, 349

detrital food chain and, 115, 293, 294(in diagram)

extent of in South Florida, 107, 113

Florida Bay and, 134

hurricanes and, 119–121, 122(photo)

hydric soils and, 108, 110, 112

hydrogen sulfide and, 112

maps showing, 20, 21, 96, 109

marine fisheries and, 113, 114, 293, 294, 295(in diagram)

mosquitos and, 116

oysters bars and, 112, 113, 114(photos)

sea-level rise and, 112, 113, 130, 131(in upper graphic), 132, 134

seaward expansion of, 113, 131, 132

soil-building/peat accretion and, 376

values of, 115, 293

visiting, 116

wildlife and, 107, 112, 113

Marine flora, 205, 206(table)

Marl

agriculture and, 194, 333, 334

Biscayne Bay and, 190

descriptions of, 7, 51

Everglades diagrams showing, 39, 286

formation/accretion of

freshwater, 51, 143, 376

marine, 127, 128

Helisoma, 214(footnote)

limestone formation and, 95, 125, 127

marine, 112, 113, 120, 127, 128, 132, 134, 190

peat and, 52, 73

periphyton and, 50, 51, 123

white zone and, 122–124

Marl wet prairie/marsh, 17, 21, 42, 97, 191

Big Cypress Swamp and, 99(photo), 102, 103

Cape Sable seaside sparrow and, 281

coastal, 121

cypress in, 42, 65, 99, 100

diagram showing, 39

fire and, 52, 73, 99

Everglades evolution and, 42, 285, 286

Everglades succession and, 285, 286

flow alignment and, 53, 73, 121, 123(photo),

hydroperiod/hydrology of, 42, 103(in diagram)

plant diversity in, 42

transverse glades and, 17, 191

tree islands, 62, 73, 74(photo), 124

wading birds and, 42, 349

Marsh, defined, 8

Marsh hawk (northern harrier), xxxi

Marsh rabbit, see Rabbit, marsh

Marshall, Arthur R., 7, 326

Mayan cichlid, 222, 225

impacts of, 355, 359

Melaleuca, 76, 105, 156, 157 and 322 (in tables), 338, 352–356, 356(photo)

control of, 356, 361, 378

Everglades restoration (CERP) and, 369

wading birds and, 355, 356(also photo caption)

Mercury, 338, 341–344; see also Sulfur (sulfate, sulfide)

biomagnification of, 290, 341, 342

Everglades levels and sources of, 342, 343, 345

Everglades wildlife levels of, 342(also in figure), 343, 344

Florida Bay Conceptual Ecological Model and, 298(also in diagram)

methylation of, 344, 345 and 346 (in diagrams)

panther and, 342

pythons and, 344

stormwater treatment areas and, 344, 345 and 346 (in diagrams)

sulfur compounds and, 338, 341, 344

toxicity of, 341

USEPA standards for edible tissue, 342

water quality regulation and, 347

Miami Canal, xxx, xxxi, 146, 148, 192

maps showing, 54, 139, 152, 189, 303, 324, 327, 373

photos showing, 151, 193

Miami Limestone, 32, 95, 97, 125, 127 and 187 (footnotes)

map and diagram showing, 30, 93

Miami River, 18, 65, 193(photo), 210

Biscayne Bay and, 191, 192

former rapids in, 191, 193(photo), 232

maps showing, 188, 189

Native Americans and, 317

Miami Rock Ridge, 125, 187(footnote), 194; see also Atlantic Coastal Ridge

maps showing, 188, 189

Mikasuki (language), 320(also footnote)

Miccosukee Tribe, 3, 93, 94, 144, 318(in table), 320, 321, 325, 340(footnote), 367, 370, see also Native Americans, specific topics

languages of, 320(footnote)

tree island names by, 61, 64 and 70 (photos)

maps showing reservations and other lands, 92, 138, 324, 327

Microcystis, 171

Middens, see Native Americans, middens and

Mink, southern (Everglades), 256, 257, 290, 291(in diagram)

Miocene epoch, 26; see also Pliocene epoch

clastic sediments and, 28, 29

emergence of land on peninsula and, 28, 29

Hawthorn Formation and, 26(in table), 28, 145

phosphate and, 29

Suwannee Channel and, 28

Mitigation, see wetland mitigation

Mixed prairie, 42

Moats, see Tree islands, moats and

Modified Water Deliveries (Mod Waters), 323, 365, 367, 368; see also CEPP

8.5-Square-Mile Area and, 367

CEPP and, 367, 368

CERP and, 367

seepage and, 367

Tamiami Trail and, 323, 367

Molly, sailfin, 222, 224, 225, 291(in diagram)

periphyton and, 290

photos showing, 226, 274

Mosaic landscape pattern, 56(also photo)

Mosquitos, 82, 116, 121, 173

food web and, 216, 290

Mosquitofish, eastern, 158, 215, 222, 224, 227

food web and, 225, 290, 291(in diagram)

mercury in, 342(also map), 344

photos showing, 226, 275

pike killifish and, 355, 358, 359

wading birds and, 214, 215, 270, 271

Mosquitofish, mangrove, 231

Mountain lion, see Panther, Florida

Mrazek Pond, 269

on maps, 109, 126

photos taken at, 269, 272

Muck, defined, 51

Mud banks, Florida Bay and, 132, 134

map showing, 126

Mudfish, see Bowfin

Muhly grass, see Grass, hairawn muhly

Mullet, 158, 224, 230

food web and, 230, 233, 253

mountain, 231, 232

species of, 230, 231

striped, 157, 222, 230, 231

Mullet Slough, 94, 95, 103, 230, 232, 325

maps showing, 17, 19, 92, 327

Muskogee (Seminole) language, 165 and 320 (footnotes)

Muskrat, round–tailed, 73, 256(also table), 257, 291(in diagram)

Native Americans and, 319

N

National Audubon Society, 102, 105, 330, 367

National Geodetic Vertical Datum (NGVD), defined/explained, 162, 163

National Environmental Policy Act, 330, 370

Native Americans, see also specific tribes

arrival in Florida/South Florida, 33, 102, 201(footnote), 255

arrival in North America, 317, 318

Big Cypress National Preserve creation and, xvii

Calusa, see Calusa Indians

canal construction by, 158(footnote), 317, 319

canoe, canoe trails and, 16 (footnote), 317–319

canoe travel to/from Cuba and, 201(footnote), 317, 319

cultural periods in Florida, 318–321

table of, 317, 318

earthworks and, 101, 317, 319

Everglades evolution and, 18, 33, 321

Everglades, use of by, 320, 321

fire use and, 53(footnote), 319, 321

hammocks and, 77

Lake Okeechobee and, 33, 144, 148, 158(footnote), 321

languages of, 323(footnote), see also Hitchiti; Mikasuki; Muskogee

megafauna and, 255, 318–318

Miccosukee, see Miccosukee Tribe

middens and, 69–73, 317–319, 321

mounds constructed by, 101, 144, 148, 317, 319

overview of impacts by, 321

plant dispersal by, 78 and 201 (footnotes)

Seminole, see Seminole Tribe

sinkholes and, 102, 318

Tequesta, see Tequesta Indians

tree islands and, 61, 64(photo), 66, 70(photo), 71–73, 317, 318, 318, 321

Natural System Model, 153, 300

Natural System Regional Simulation Model, 300–302

NAVD (or NAVD90), see North American Vertical Datum

NEPA, see National Environmental Policy Act

New River, xxviii, 18, 65, 75

NESRS, see Northeast Shark River Slough

NGVD (or NGVD31), see National Geodetic Vertical Datum

Niche, see Ecological niche

Nitrogen

conceptual ecological model and, 296(in diagram)

cyanobacteria/blue-green algae and, 160, 292

Everglades background levels of, 48

Everglades Agricultural Area and, 331

fixation of, 160, 289(also in diagram)

Florida Bay and, 129, 296, 298(in diagram)

food chain and, 289(also in diagram)

Lake Okeechobee and, 159–161, 339

marine waters and, 339

Noise, off-road vehicles/airboats and, 361, 362

Nonindigenous species, see Introduced species

Non-passerine birds; see also specific birds

North American Vertical Datum, 162, 163

North New River Canal, xxiv, 148, 150, 322, 331, 340

maps showing, 324, 326, 373

Northeast Shark River Slough (NESRS)

Everglades National Park 1989 addition of, 323, 328

Everglades water flows and, 322, 323, 328, 338

maps showing, 189, 327

Mod Waters/CEPP and, 323, 365, 367, 368

photo showing, 363

seepage/seepage barrier and, 301, 303, 304, 305 and 306 (graphics, photo)

No-see-um, 116, 216

NSM, see Natural System Model

NSRSM, see Natural System Regional Simulation Model

Nubbin Slough, 137, 143, 160, 161(in graphic), 175

map showing, 15, 139

Nutrients, see Nitrogen; Phosphorus; specific topics

O

Oak, Virginia live, 77, 78, 89, 97, 202(footnote), 207

Off-road vehicles, 361–362

airboats, xxx, xxxi, 55, 156, 321, 361, 362, 363

impacts of, 104, 361, 362, 363

swamp buggies, xxxi, 361

Oil and gas

brine waste disposal and, 28

fracking and, 105

South Florida/Sunniland Formation production of, 26(in table), 26, 27(diagram), 104, 105

Okeechobee, City of, 143

maps showing, 139, 152

Okeechobee, Lake, see Lake Okeechobee

Okeechobee muck, 51

Okeechobee Road (U.S. 27), xxx, xxxi(photo caption)

maps showing, 188, 189

Okeechobee Waterway, 149, 150, 168, 171(photo caption), 322

Okeelanta peaty muck, 51

Old World climbing fern, see Fern, Old World climbing

Oligotrophic, defined, 48

Omnivory/omnivore, defined, 290

Ooid, defined, 125

Oolite, defined, 125

Opossum, Virginia, 255, 256, 319, 355

Orchid, butterfly, xxxii, 108(in table), 121, 204, 205, 206(photo)

Orchids, xxxii, 80, 81, 101, 204, 205

Big Cypress Swamp, selected species of, 98(table)

dispersal of, 205

diversity of, 204, 205

Fakahatchee Strand State Preserve and, 101

hurricanes and, 120, 121

specimen collecting and, xxxii, 104, 347, 352

Orthophosphate, defined, 339

Otter, northern river, xxxi, 61, 71, 256(also table), 257, 258(photo), 293

food web and, 219, 221, 247, 254, 258, 290, 291(in diagram)

ORVs, see Off-road vehicles

Owls, xxxi, 257, 263, 291

barred, 83, 291

burrowing, 365

Oysters, 209, 210(in table)

Biscayne Bay and, 194, 195

estuaries and, 172, 173, 178, 209

conceptual ecological models and, 172, 296

importance of, 112, 167, 210

mangroves and oyster bars, 112, 113, 114(photos), 132

Native Americans and, 167, 317–319

predators of, 210

restoration and, 178, 185, 187, 195

salinity conditions for, 113, 132, 167, 177(photo caption), 191, 209, 210

water quality issues and, 172, 178, 210

P

Pa-hay-okee, meaning of, 3

Pa-Hay-Okee Overlook, 43, 62(photo from), 221

map showing, 126

Palm

Cabbage (sabal), 52, 77, 98, 100, 143, 175

dispersal of, 203

epiphytes and, 204

flooding and, 98, 99, 143

fire and, 89

Indian Prairie palm savannahs and, 143

Native Americans and, 319

pinelands and, 87(table), 88, 89, 99

salt tolerance and, xxxii, 182(photo caption)

strangler fig and, 81

tropical hardwood hammocks and, 78(table), 121(footnote)

tree islands and, 63(table), 62 and 70 (photos)

paurotis or Everglades, 102, 104, 204

royal, 78, 79(also photo), 101, 104, 204

Palms, palmettos, 203, 204, 205

dispersal of, 203

fire and, 88(also photo), 89, 94

species in Florida, 204, 205

Palmetto, saw, 82, 87, 88(also photo), 94, 98, 99, 204, 319

Pamlico shoreline, 31, 95, 175

on map, 31

Pangaea, 23–26

Panther, Florida, 256, 259, 260, 261

conceptual ecological model and, 296

mercury and, 230

population of, 260

prey/food web and, 247, 259, 261, 290, 291(in diagram), 355(in table)

Paper bark; see Melaleuca

Paradise Key, see Royal Palm (Everglades National Park)

Peace River, 165

map showing, 138, 166

phosphorus and, 29, 129, 167

Peat; see also muck

accretion of, 20, 43, 57, 58(in diagram), 73, 134, 135, 364, 376

rates of, 376

acidity/pH and, 46, 48, 49, 50, 52

agriculture and, 52, 331, 333

Big Cypress Swamp and, 93(diagram), 97, 99, 100, 104

carbon storage and, 289(in diagram), 290, 333

coal and, 51

composition of, 8, 51, 112, 333

cypress and, 99

dating of, 68, 71, 145

depths of, in Everglades, 52, 73, 146

Everglades kinds of

cattail peat, 49

Everglades (sawgrass) peat, 51, 68, 332(photo)

Gandy (tree island) peat, 66, 68

Loxahatchee (slough), 51, 66, 68, 288

mangrove swamp peat, 107, 112, 132, 134, 376

Okeechobee muck, 51

Okeelanta peaty muck, 51

Everglades diagrams showing, 39, 72, 93, 297, 299

Everglades history/evolution and, 20, 33, 42, 51, 52, 57, 66, 68, 127, 134, 146, 318, 339

Florida deposits of, xxix

fire and, xxix, 52, 53, 65, 71, 99, 100, 321

formation requirement of, 52

hydrology/hydroperiod and, 42, 47(in diagram), 51, 52

Lake Okeechobee evolution and, 18, 145, 146(also footnote), 156

marl and, 52, 73

muck and, 51

stability of land and, 162, 335

sloughs and, 43, 66, 288

subsidence/loss/collapse of, xxix, 52, 104, 134, 135(also diagram), 300, 321, 322

wet prairie and, 43, 45(photos), 51

Peatlands

defined, 8

hydrology of, 46, 47(graphics)

plant-community alignment and, see Everglades, water flow in

succession in, 285–288

Pennsuco wetlands, on map, 295

Periphyton, 48–51, 307

Defined, 49

conceptual ecological models and, 295, 296 and 297 (in diagrams)

floc and, 57

food web and, 49, 50, 216, 290, 291(in diagram)

marl and, 51, 123, 128

modeling and, 307

water quality/phosphorus and, 50, 51, 338

photos showing, 41, 45, 54, 55, 350

Phosphorus (phosphate), 48, 338, 339, 340

alligator holes and, 48

cattails and, 49(photo), 51, 75, 76, 346

cattle/dairy industry and, 141, 143, 159

chemistry of, 339

conceptual ecological models and, 296–298

Everglades Agricultural Area and, 331, 333, 339, 340

Everglades ecosystem sources of,

natural, 48, 71, 72(in diagram), 73, 141, 167

human enhanced, 76, 141, 143, 167, 184, 339, 340

Everglades Forever Act/Everglades Construction Project and, 129, 364

Everglades levels of, 48, 338

eutrophication and, 48, 50, 51, 339, 340

natural ecosystem and, 48, 70(in table), 339

restoration and, 378

Everglades water-quality standard for, 339, 347, 365

Miccosukee Tribe of Indians and, 321

food chain/web and, 50, 289(also in diagram)

Florida Bay and, 129

geologic origin of Florida phosphate deposits, 29

Lake Okeechobee and, 48, 141, 159–162, 184, 333, 339

lawsuits/court cases and, 323, 340, 364

marine waters and, 339

modeling and, 307

Peace River, Charlotte Harbor and, 129, 167

periphyton and, see Periphyton, water quality/phosphorus and

S-9 pump station and, 340

sawgrass and, 57

stormwater treatment areas (STAs) and, 341, 364–366

maps showing, 324, 326, 366, 373

tree islands and, 57, 66, 70(also table), 71–73, 76

Photosynthesis, defined, 288

Phytoplankton, 115

defined, 160, 292

Lake Okeechobee and, 156, 160, 162, 291–293

Pig, feral, see Introduced species, mammals

Pigeon, white-crowned, seed dispersal and, 202, 204

Pine

Australian, 354

Caribbean, 86

Dade County, 85, 87

longleaf, 85

sand, 85(footnote), 90, 285

slash, 85–90, 94, 95, 100, 286(in diagram)

hurricanes and, 119

Pine flatwoods, see Pinelands

Pine rockland, see Pinelands, rocky

Pinelands, 85–90, 144(on map), 175

agricultural development and, 333–335

Big Cypress Swamp, 91, 96, 97, 98(also in table), 99

Brazilian pepper and, 356, 357

continuity in South Florida history, 90, 318

fire and, 81, 86, 88, 89, 285

high floral diversity in, 99

Hurricane Andrew and, 119

hydric and mesic, 97, 99, 101, 103(also in diagram), 104

defined, 86

melaleuca and, 354, 355

photos showing, 88, 99, 100

rocky, 86, 203

endemics in, 89, 90

representative plants of, 87

succession and, 89, 285

temperate flora in, 89, 207

Pinnacle rock, 42

Plate tectonics/continental drift, 23–26

glacial age and, 29(footnote)

Pliocene epoch, 26(also in table)

clastic sediments and, 29

Hawthorn Formation and, 31

high sea level and, 31

Isthmus of Panama land bridge and, 26

map diagram showing, 24

Tamiami Formation and, 31, 93(diagram), 95

Plume hunting, 274–276, 320, 348(also in table)

Pneumatophore, see Mangrove, black

Poaching, 317, 352; see also specimen collecting

alligators and, xxx, 247–249, 347, 349, 350

Poisonwood, 78, 82, 89

Pond; see also Alligator hole

Pond apple (“custard apple”), 63, 74, 75, 101

dispersal of, 74, 203

epiphytes and, 74, 102

former Lake Okeechobee rim forest of, 16, 75, 147

maps showing, 20, 21

photos of, 75, 203

Pond cypress, see Cypress, pond

Prawn, freshwater, see Shrimp, riverine grass

Prescribed burns, see Fire

Propagules, see Mangrove, red

Prop roots, see Adventitious roots

Puma, see panther, Florida

Pump stations

S-5A, on maps, 324, 336, 366

S-9, 329, 340, 365

map showing, 17, 327

photo showing, 328

Punk tree, see Melaleuca

Purple gallinule, 266, 284(also photo), 291(in diagram)

Purple swamp hen, 360

Python, Burmese, 241, 242, 355(in table)

Everglades population of, 359, 360

Everglades wildlife and, 258, 259, 360

mercury and, 344

possession/importation of, 361

R

Rabbits

eastern cottontail, 256(in table), 258, 259, 319

food web and, 259, 261, 291(in diagram),

marsh, xxxi, 256, (also table), 355(in table), 258, 355, 360

lower keys subspecies of, 258, 360

photo of, 258

Raccoon, common, 256(also in table), 258, 259, 319, 355(in table)

food web and, 259, 261, 291(in diagram)

mercury and, 342

omnivorous diet, 259, 290

plant dispersal and, 203(photo caption), 204, 254

reptile nests, predation on, 247, 254

water-bird nesting and, 265, 348

Rainfall

aquifers and, 27, 32

Big Cypress Swamp and, xvii, 105, 294

climate change and, 294, 375, 378

Everglades ecology and, 107, 251, 288, 298, 299(diagram), 328

Everglades evolution and, 20, 33

Everglades modeling and, 299, 300(also graphic), 302, 304, 308(figure caption), 308

Everglades nutrients and, 48, 161(figure and caption), 340, 345(figure caption)

Everglades restoration and, 308, 365, 375, 378

Florida Bay and, 129

Lake Okeechobee and, 33, 137(also footnote), 162

water release schedules and, 150, 153

mercury and, 343, 344, 345 and 346 (figure captions)

northern Florida seasonality of, 14

periodic (inter-annual) changes in, 10, 365, 375

Native American early history in Florida and, 317, 318

South Florida seasonality of, 10–16, 52, 71, 140, 251

Rat, see also Muskrat round-tailed; Woodrat, Key Largo

black (roof), 256(table), 259, 355(table), 360

Norway 259

hispid cotton, 256(also table), 257

marsh rice, 256(also table), 257

RECOVER, see Comprehensive Everglades Restoration Plan: Restoration, Coordination, and Verification

Red bay, see Bay trees, species of

Reed, Nathaniel, xviii, xxiii, 94

Refugia; see also Alligator hole; Solution hole

aquatic life and, 46, 251, 350

defined, 46(footnote)

freshwater fishes and, 257

riverine grass shrimp and, 215

snails and, 214

Regional Simulation Model (RSM), 300, 301

Reptiles, 241–254; see also specific types

biogeography, 241, 244–246, 253

Everglades region species, 241, 242(table), 243–246

introduced, 355(in table), 359, 360

specimen collecting and, 352

Restoration, Coordination, and Certification (of CERP), 301, 369, 371

“Restudy,” Everglades restoration and, 221, 368

Ridge-and-slough landscape, see Everglades, ridge-and-slough landscape

River of Grass, 3

Roadkills, see Wildlife, roadkills

Rock mining, 335–336

Rock-plowing, 334, 335(photo caption)

Rocky glades, 42, 43, 44(photo caption), 46(footnote), 86, 227, 333, 349

Rocky pinelands, see Pinelands, rocky

Rookeries, 278, 279, 349; see also Wading birds

historic southern Everglades and, 113, 348, 349

Lake Okeechobee and, 348(footnote)

relocations in the Everglades, 279, 348, 349

restoration and, 187, 349

super colonies, 279, 348, 349

tree islands and, 71, 73, 75

Rookery Branch, 113, 279, 348

map showing, 109

Rotenberger Tract, 325, 370(in chart)

map showing, 324

Royal Palm in Everglades National Park, xxx, 79, 82, 119

photos taken in, 79–81

map showing, 126

RSM, see Regional Simulation Model

S

S-# pump station, see Pump stations

Salinity

American crocodile and, 254

amphibians and reptiles compared, 241

Biscayne Bay and, 191, 192, 194, 195, 197(graphic)

climate change/sea-level rise and, 294, 339

conceptual ecological models and, 187, 294, 296 and 298 (in diagrams)

cypress and, 110, 182(photo caption)

defined, 211(footnote)

estuaries/intertidal habitats, managed freshwater diversions/releases and, 129, 150, 153(in table), 163, 169, 170, 177, 178, 191(footnote), 192, 194, 210, 232

estuaries/intertidal habitats, natural regimes and, 107, 191

Florida Bay, 129, 134, 296, 298(in diagram)

freshwater fishes and, 221–224, 355(in table)

mangroves and, 107, 111

marine fishes and, 229, 230

marine/estuarine submerged vegetation and, 178, 194, 206(table)

modeling and, 294, 307

oysters and, 113, 191, 210

restoration and, 185, 195, 197(graphic), 376

sawgrass and, see Sawgrass marsh, salinity and

smalltooth sawfish and, 172, 233

variability of, 107, 229, 230

Salt marshes, 107

plant species in, 108(in table)

San Carlos Bay, 165(footnote), 167, 168, 169, 170, 172, 336

map showing, 166

Sand

carbonate, 133(photo caption)

silica, 28, 29, 30, 31, 32(also footnote), 73, 95, 107, 113, 125, 190

Sawfish, smalltooth, 172, 173, 231, 232(also photo), 233

Sawgrass, Jamaica swamp, 37, 38; see also Sawgrass marsh; Sawgrass Plain

characteristics of, 3, 40, 41

range of, 37, 207

photos showing, 40, 53

root respiration (oxygen supply) of, 40, 41

Sawgrass marsh, 37, 40, 41

alligator nests and, 41

aquatic organisms, dispersal and, 59, 214

Cape Sable seaside sparrow and, 281

cattail and, 48

changes in, xxxii

dense, tall, xxxii, 41, 363(photo)

diagram showing, 39

encroachment into sloughs, 57, 62, 75, 350(photo caption)

fire and, 37, 40, 41, 52

hydroperiod, hydrology of, 9, 41, 46, 47(in diagram)

Lake Okeechobee littoral zone and, 48, 146

melaleuca and, 355

maps showing, 20, 21

periphyton and, 49

photos showing, 41, 42, 53, 363

ridge-and-slough landscape, see Everglades, ridge-and-slough landscape

salinity and, 124, 134, 330(photo caption)

sea-level rise and, 134, 135

soils, see Peat, Everglades kinds of

sparse, 39, 41, 49

succession and, 52, 53, 287(diagram), 288

sulfide toxicity and, 345, 346

tree islands and, 64(in photo), 67(in diagram), 68

water flow in, see Everglades, water flow in

water quality/nutrients/phosphorus and, 41, 48

water management and, 41, 53, 257

wildlife habitat and, 41, 257, 281

Sawgrass Plain, historic northern Everglades, 16, 41, 48, 147, 325

map showing, 17

Scrub, sand pine, 85(footnote), 90, 285

Sea level

Biscayne Bay evolution and, 190

coastal habitats/mangrove swamps and, 107, 112, 113, 130, 132, 134, 135, 165, 376

conceptual ecological models and, 294, 296 and 298 (in diagrams)

elevation standards and, 162, 163

Everglades evolution and, 18, 26(in table), 29–33, 127, 134, 145, 146, 318

Florida Bay evolution and, 127, 132, 134

Florida Keys and, 130, 257, 260

Florida Plateau and, 26, 29, 130

Geologic history and, 26(in table), 29–33, 95, 125, 127, 147, 165, 174, 175

glacial cycles and, 18, 29–33, 90, 130–132, 134

map showing, 31

global warming/climate change and, see Climate change/global warming, sea level and

Lake Okeechobee evolution and, 145, 162

Native Americans and, 102, 317, 317, 318

rise (ongoing) of, xxxii, 130, 131(graphs), 375

hurricanes and, 117, 124, 376

restoration and, see Everglades restoration, climate change/rising sea level and

soil accretion and, 376

Seaside sparrow, see Sparrow, seaside

Seal, West Indian monk, 261, 319

Seepage

Hoover Dike and, 153

flooding and, 329

Mod Waters and, 367

natural occurrences, 20, 28, 75, 191, 192

management of, 28, 329, 336, 366, 328(photo caption), 367, 368(photo)

water conservation areas and, 322, 328, 367

water supply and, 304

Seepage Barrier, L-33N, 301, 303, 304, 305 and 306 (graphics), 306(photo)

maps showing, 306, 327, 373

Seminole Tribe, 4, 101, 144(figure caption), 145, 186, 317, 318(in table), 320, 321, 370; see also Native Americans, specific topics

languages/words of, 101, 142(footnote), 145, 165(footnote), 179(footnote), 186, 320(also footnote)

maps showing reservations, 92, 139, 324

Seminole Wars, 4, 145, 317

Sentinel Cypress, see Lone Cypress

SFWMD, see South Florida Water Management District

SFWMM, see South Florida Water Management Model

Shark River, 44, 147, 252(footnote), 279

map showing, 109

Shark River Slough, xxx, 44, 112, 115, 230, 348, 349, 376; see also Seepage Barrier, L-31N

hydrology of, 47, 134, 300(also graphic), 302, 322, 328, 329, 338, 349, 365

mangrove swamps and, 115, 376

maps showing, 14, 15, 17, 109, 189, 281, 302, 303, 327, 373

mercury in wildlife problem in, 342–344

name origin, 44

peat soils in, 51, 52

restoration and, 308, 370

tree islands and, 61

wildlife importance of, 112, 209, 224, 230, 252(footnote), 279, 348, 349

Shark Valley Road (Everglades National Park)

map showing, 109

photos taken on, 258, 284

Sheet flow, 6, 340, 380

conceptual ecological model and, 296(in diagram),

Everglades restoration and, 330(photo caption), 367, 372, 373(figure caption)

Shrimp

Macrobrachium (river shrimp), 210

pink and pinkspotted, 115(also photo caption), 191, 209, 210(in table), 293, 294 and 298 (in diagrams)

riverine grass, 49, 212, 215, 291(in diagram)

Single-species management, 375

Slash pine, see Pine, slash

Slough (habitat/plant community), 16, 43, 44, 68, 75, 147; see also Everglades, ridge-and-slough landscape; specific named sloughs

Big Cypress Swamp and, 97, 101(also photo), 102, 103

defined (for Everglades), 16

diagram showing, 39, 58

fire and, 43, 51, 68

flow in/maintenance of; see Everglades, water flow in

habitat continuity, importance of, 59

hydrology/hydroperiods/depths in, 46, 47, 300(graphic)

loss of, 43, 57, 59, 350(photo caption)

photos showing, 42, 45(degraded), 50(also photo b), 55, 56, 64, 65, 67, 350

predrainage Everglades, cover of, 59

pronunciation, 16

soil in, 51, 66, 67

succession and, 287(also in diagram), 288

tree islands and, see Tree islands, sloughs and

wildlife use of, 43, 211, 215, 227, 246, 279, 350

Snail, Florida tree, xxxi, 218, 219(also photo), 347, 352, 381

Snails, freshwater

Florida applesnail, xxx, 158, 211, 213–214, 280

food web and, 214, 291(in in diagram)

Native Americans use of, 317

snail kite and, 211, 213, 279, 367

photos showing, 213, 280

predators of, 211, 213, 214, 247, 291

restoration and, 308

introduced applesnails, 213, 214

Seminole and mesa rams-horns, 212, 214

dispersal of, 214

Snail kite, see Kite, snail

Snakes, Everglades species of, 242

Soils, Everglades, see Marl; Peat

Solution holes, 42, 44(photo), 46(footnote), 79, 80, 95, 204, 214, 349

diagram showing, 39

Southeast Saline Everglades, 191, 194, 333, 334(photo), 376

maps showing, 188

South Florida Water Management District, 7, 8, 298, 300, 323, 340(footnote), 353, 364, 379

South Florida Water Management Model, 298–301, 369

South Miami–Dade (Homestead) Agricultural Area, 333–335

irrigation and, 334(also photo)

marl soils and, 333, 334(photo)

rock-plowing and, 334, 335(photo caption)

Southern Ocean Oscillation, 375; see also El Niño

Sparrow, seaside

Cape Sable, 266(in table), 279, 281–282

conflicts in Everglades restoration and, 282, 367, 374, 375

map showing subpopulations of, 281

modeling (ATLSS) for, 305

dusky, 282

Species of Special Concern, defined, 279, 374(footnote)

Spikerush, 37, 38(in table)

cattail inhibition and, 48(footnote)

Spoonbill, roseate, 124, 128, 132, 233, 265, 266(in table), 269, 271, 279, 375

as ecosystem indicator, 129, 349

photo of, 272

plume hunting and, 348

population trends in Florida Bay, 351

STA, see Stormwater treatment area

St. Lucie Canal

C&SF Project modifications of, 150

construction of, xxviii, 148, 175, 176

control of Lake Okeechobee stages and, 150, 153

discharges/water quality, compared to Caloosahatchee, 177

maps showing, 19, 138, 139, 152, 174

photos showing, 176, 177

St. Lucie Inlet, opening of, 173

St. Lucie River, Estuary & Indian River Lagoon, 173–179

Lake Okeechobee predrainage separation from, 175

changes from historic condition, 173, 175–178

ecological damage in, 162, 173, 176–178

ecological values of, 173

eutrophication of, 176–178

flows from Lake Okeechobee and, 154, 177 and 178 (also photos)

map showing, 174

North Fork, 173, 174(on map), 175, 176, 177

restoration plan and, 173, 178, 179

watershed (original) of, 173, 175, 176

Stork, wood, 263, 266, 269, 270, 332, 375

breeding, 102, 263, 269, 270, 279

commuting distances of, 269

conceptual ecological model and, 296(in diagram)

Everglades population changes, 348(table), 247, 249

photo of, 269

prey of, 247, 270

Storm surge, see Hurricanes, storm surge

Stormwater treatment areas (STAs), 179, 325

Everglades Forever Act/Everglades Construction Project (for the EAA) and, 323, 340, 364, 366

mercury and, 344

maps showing, 324, 326, 366, 373

phosphorus reduction and, 341, 364, 366(figure caption)

restoration and, 308

sulfur/sulfate and, see Sulfur (sulfate, sulfide)

Strand (in Big Cypress Swamp), defined, 94; see also Tree islands, strand type

Subsidence, see also Peat, subsidence of

coastal Louisiana and, 130

Lake Okeechobee origin and, 145

Subtropical, 10, 201

Succession

defined, xxix, 52

fire and, 52, 53, 81, 82, 286–288

hammocks and, 81, 82, 89, 97

hydroperiod and, 46

Lake Okeechobee littoral zone and, 186

model of, 307

pinelands and, 89

sea level and, 134, 376

South Florida plant communities and, 285–288

Everglades peatlands diagram of, 287

general diagram of, 286

tree islands and, 68

water flow and, 59

Sugarcane, see Everglades Agricultural Area

Sulfur (sulfate, sulfide), 340–347

cattails and, 340

chemistry of, 340, 341

Everglades levels of

enriched areas, 341

natural and, 340

Everglades Agricultural Area and, 341

Everglades cycle of, 345(diagram)

Everglades restoration and, 295, 378

food web/nutrient role and, 289(also in diagram), 341

mangrove swamps/marine waters and, 112, 340

mercury and, 338, 340, 344, 345 and 346 (also in diagrams); see also Mercury

regulation of, 344, 345, 347

sources of, 340, 341

stormwater treatment areas and, 341, 344, 345 and 346 (in diagrams)

sulfide toxicity, 112, 341, 344, 345, 346, 347

sawgrass and, 345, 346

tree islands and, 346

Sunfish; see also Bluegill; Warmouth

food web and, 225, 290–293

Everglades species of, 221, 222

marsh dispersal of, 227

redear, 214, 291 and 292 (in diagrams), 293

Sunniland Formation, 25, 26, 27(in diagram)

Suwannee Channel or Strait (ancient), 25, 28

map showing, 24

Swamp

defined, 8

mangrove, see Mangrove swamps

Swamp bay, see Bay trees, species of

Swamp buggy, see Off-road vehicles

Swamp-lily, 38(in table)

deer abundance and, 260

T

Tamiami Canal (L-31), 192, 304, 325(footnote)

maps showing, 303, 327

Native Americans and, 320

photos showing, 329, 368

restoration and, 367

Tamiami Formation, 26(in table), 31, 95, 97

diagram showing, 93

map showing exposure of, 30

Tamiami Trail, xxvii, xxx, xxxi, xxxii, 379, 381

C&SF Project and, 325, 328

construction of, 104, 320, 322

flow obstruction and, xxv, 94, 104, 367

maps showing, 19, 54, 92, 96, 109, 188, 189, 303, 327, 373

Native Americans and, 318(in table), 320, 321

photo showing, 329

restoration and, see Modified Water Deliveries, Tamiami Trail and

roadkills and, xxxi, 104, 257

Tarpon, 157, 222, 224, 227, 230, 231

Taylor Creek (Lake Okeechobee tributary), 137, 143, 160, 161(in diagram)

map showing, 139

Taylor Creek (Indian River Lagoon watershed), 175, 176

Taylor Slough, 44

Florida Bay, 129, 134, 329, 349

maps showing, 15, 16, 126, 188, 189, 281, 309, 373

restoration and, 367, 372, 373(photo caption)

small fishes and, 308

Temperate climate, 13, 23

faunal origins and, 208; see also specific animal groups

fish (ichthyofauna) origins, 191, 221, 224, 229, 230, 233

floral origins and, 23, 37, 202, 207; see also specific plant groups/communities

Tequesta Indians, 317, 318(in table), 319, 320

Tegu, Argentine, 355(in table), 359

Thermoregulation, anhinga and, 267

Threatened and endangered species; see also Endangered Species Act

birds, 184, 270, 279–282

fishes, 172, 232, 233

house (domestic) cat and, 360

invertebrates, 214(footnote), 218

mammals, 172, 255–261, 355(in table)

plants, 206(in table)

reptiles, 172, 241, 248, 254

Thunderstorms, mercury deposition and, 343; see also Fire, lightning and

Tilapia, 222

blue, 222, 225, 355(in table), 359

TMDL, see Lake Okeechobee, total maximum daily load and

Toad

cane (giant or marine), 236, 352, 359

list of species in the Everglades region, 236(table)

southern, 236

Torpedograss, 156, 157(in table), 353, 354

Tortoise, gopher, 242, 246, 355(in table)

Transverse glades, 18, 191, 194

maps showing, 17, 21, 188, 189

Tree islands (including bayheads); see also Hammocks; Hammocks, tropical hardwood; Tree islands; specific types

alligators and, 65, 73, 74, 251, 252

bayhead, 62, 64

cypress domes and heads, 65, 66(photo), 99

defined, 61

diagrams showing, 39, 55, 67, 72

ecological value, 61, 73–75

evolution/origin/development of, 66–73

fire and, 62, 65, 68, 71, 73, 75

fixed type, 69–73

flora of, 63

floral origins of, 61

flow pattern/ridge-and-slough landscape and, 62, 68, 69, 71–74; see also Everglades, water flow in

hydrology and, 47, 62, 64

integrity of, 75, 76

kinds of, 62–66

loss of, 75, 76

maps showing, 18, 54

moats and, 73, 74

Native Americans, see Native Americans, tree islands and

marl prairie and, 62, 65, 71, 73, 74(photo)

phosphorus and, 57, 70(also table), 71–73

photos showing, 55, 62, 64–70, 72, 74, 251, 252

pop-up or battery, 66–68, 287(also diagram)

recovery of, 76, 346

size of, 61

sloughs and, 64, 66–69

soils of, 66

strand type, 68, 69

succession and, 66–68, 287(in diagram)

sulfide and, 346, 347

willow heads, 65, 287(in diagram)

Tree snail, see Snail, Florida tree

Treefrogs, 236(also in table), 237

Trees; see also specific types, specific communities

biogeography and dispersal of, 77, 202, 203, 207

Trophic level, defined, 188

Tropical

defined, 10

limestone formation and, 26

Tropical fauna, origins of, 208; see also specific animal groups

Tropical flora, see also specific plant communities

arrival in South Florida, 33, 77, 121, 202

temperature restrictions of, 10, 11, 75, 97, 201

Tropical hardwood hammocks, see Hammocks, tropical hardwood

Turtlegrass, 119, 127, 128(photo), 177, 190, 195, 205, 206(in table)

Florida Bay conceptual ecological model and, 296, 298(also in diagram)

Turtles

Florida redbelly, 241–247

coexistence with alligators, 245

food web and, 289, 290, 291(in diagram)

photos, 243, 245

Florida softshell, 241, 242, 243(photo), 245, 246

Kemps (Atlantic) ridley, 172, 209

list of Everglades species of, 222

green, 241

loggerhead, 241, 242

U

U.S. Army Corps of Engineers (USACE), 141, 142, 147(in table), 150, 153(also in table), 298, 308(footnote), 322, 330, 367, 368, 370, 372

U.S. Fish and Wildlife Service, 232, 325, 374

U.S. Sugar EAA lands, purchase of, see Everglades Agricultural Area

Upper Chain of Lakes, see Kissimmee River, Upper Chain of Lakes

V

Vignoles, Charles, 3 (footnote 2), 144

W

Wading birds; see specific kinds, topics

photos showing, 6, 213, 223, 269, 270, 272, 273, 274, 275, 276, 277, 283, 284

Warmouth, 221, 222, 225, 226(photo)

Wastewater disposal, boulder zone and, 28(footnote)

Water birds, see Birds, breeding water birds; specific birds

Water conservation areas (WCAs)

C&SF Project and, 322, 325

compartmentalization/fragmentation/impoundment effects of, xxviii, 46, 56(footnote), 76, 215(photo caption), 260, 349, 380

conceptual ecological model and, 297

Everglades Agricultural Area and, 333, 340

Everglades National Park and, 46, 322, 329(also photo caption),

mercury/methylation and, 342(figure caption), 344

maps showing, 19, 54, 138, 303, 324, 326, 327, 342

purposes/uses of, 320, 325, 327, 362

restoration/decompartmentalization and, 59, 308, 309, 369, 370(figure), 380

stormwater use of, 328(photo caption), 333, 340

tree islands and, 76

wading birds and, 6 (photo), 279, 333, 349

water quality and, 324(figure caption), 333, 339–341, 342(figure caption), 344, 365

wildlife and, xxviii, 260, 333

Water Conservation Area 1, 19, 57(footnote), 145, 340, 345, 366(on map); see also Loxahatchee National Wildlife Refuge

C&SF Project and, 322

wildlife designated use of, 325

Water flow, see Everglades, water flow in

Water quality, see specific areas/locations; specific topics (nitrogen, phosphorus, sulfur/sulfate/sulfide)

Water Resources Development Act (WRDA), 178, 323, 368, 370, 372

WCAs, see Water conservation areas

Weather, see climate and weather

Wells

artesian, 29

disposal to bolder zone, 28

water supply, 26, 28, 29, 49, 304, 321, 326

West Indian manatee, see Manatee, West Indian

West Palm Beach Canal (C-51), xxviii, 148, 184, 186, 187, 322

maps showing, 180, 324, 326

Western Everglades, use of term, 7, 27, 91

Wetland, defined, 7

Wetland mitigation, 48(footnote 2), 336

Hole-in-the-Donut and, 334, 335

Wet prairie, 16, 41–43

defined, 8

diagram showing, 39

kinds of, 37, 42, 43

marl, see Marl wet prairie

map showing, 20

soils in, 42, 43, 51

Wet season, timing of, 11, 12

White ibis, see Ibis, white

White zone, 121, 123, 124

tree islands in, 74 and 123 (photos)

photos of, 74, 123

Whitewater Bay, 132, 147, 331

map showing, 109, 126

Wildlife; see also specific types

changes in Everglades populations of, 347–360

mercury in, 342–344

off-road vehicles and, 361, 362

roadkills and, xxxi, 104, 347

roadway design and, 104, 254, 261

single-species management of, 375

specimen collecting and, xxix, xxx, 350, 352

Willow, Carolina or coastalplain, xxxii, 63, 65, 68, 73, 146, 156, 157(in table), 158, 207, 249, 288

photos showing, 45, 65

Willow head, see Tree islands, willow heads

Woodrat, Key Largo, 256, 259, 355(in table)

Wood stork, see Stork, wood

WRDA, see Water Resources Development Act

Z

Zooplankton, 293, 295, 296(in diagram)

Zebras, there are no zebras in the Everglades!
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Walking catfish

Pike killifish

Mayan cichlid

Blue tilapia

Cuban treefrog

Burmese python

Argentine tegu

Black rat

Feral pig

Clartas batrachus

Belonesox
belizanus

Cichlasoma
urophthalmus

Oreochromis
aureus

Osteopilus
septentrionalis

Python molurus
(previously
Python molurus
bivittatus)

Salvator (formerly
Tupinambis)
merianae

Rattus rattus

Sus serof

Fish/Southeast Asia/1960s/predator with wide diet; survives poor water quality
by breathing air; crosses land in wet weather reaching new habitat,
sometimes where amphibians formerly reproduced with isolation from fish
predation: caten by numerous birds. 645

Fish/Central America/1957/small estuarine to freshwater predator of smaller
fishes. e.g.. mosquitofish. Occupies a food chain position that would increase
mercury biomagnification to wading birds. %4

Fish/Mexico and Central America/1983/ most commonly scen nonindigenous
fish in South Florida fresh waters: voracious predator of smaller fish: wide
salinity tolerance—survives in seawater. May interfere with nursery function
of estuaries by preying on juvenile marine species. Potential impacts little
Known, 136464467

Fish/Africa/1961/large freshwater herbivore, alters aquatic plant communities,
gets 0o large for wading birds to eat. Introduced accidentally from a test for
control of nonindigenous aquatic plants that concluded it should not be
released. 140

Treefrog/Cuba/1931/a large treefrog, feeds on insects and other amphibians;
may be responsible for eliminating native treefrogs in residential areas.!”

Huge constrictor (snake)/SE Asia/1980s/widely established in South Florida.
Utilizes mangroves, tree islands, uplands, and levees. Typically eats
mammals such as raccoons, opossums. dogs. and cats. but also wading
birds, young alligators, and crocodiles, and could take humans. Now surely
responsible for population crashes of marsh rabbits and similar-sized
mammals in Everglades National Park. No credible population estimate
exists, IM196339.504.528529639

Large carnivorous lizard/southern South America/1990s?/Hillsboro County
and spreading rapidly from Homestead area of SE Florida mainland, now
into Everglades National Park. Feeds on small mammals, birds, and eggs
including alligator. Population s beyond possible containment, requiring
resource protection & management -7

Rodent/Europe/late 1800s or carlier/inadvertently introduced by ships.
possibly as early as the 1500s; widely established and known to compete
with native rodents including the endangered Key Largo woodrat 47406

Hoofed mammal/Eurasia/1500s/occurs throughout Florida with population
estimated at a half million; common in Big Cypress Swamp; rooting habit is
the most destructive impact of any introduced mammal in Florida; also
destroys nests of sea turtles. gopher tortoises. indigo snakes, and shore birds:
important prey for Florida panther. #7478

* These examples were selected by the author from the Florida Exotic Pest Plant Council’s list of 70 most invasive
(Category 1) exotic species that occur in southern Florida.?*?
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Common Name®

Common persimmon
Laurel oak
Water oak

Inkberry, gallberry
Coastal plain staggerbush
Fetterbush

Hammocks

Diospyros virginiana
Quercus laurifolia
Quercus nigra

Pinelands

llex glabra
Lyonia fruticosa
Lyonia lucida

Cypress Communities and Mixed Swamp Forest

Bald cypress
Water ash. pop ash
Red maple

Water toothleaf, corkwood

Unique Plants of Slough:

Wild bird nest fern
Worm vine orchid

Ghost orchid
Dingy-flowered star orchid
Night-scented orchid
Needleroot airplant orchid
Delicate violet orchid
Clamshell orchid

Mule-ear oncidium

Leafy vanilla

Taxodium distichum
Fraxinus caroliniana
Acer rubrum

Marl Prairies

Stillingia aquatica

Including the Fakahatchee Strand®

Asplenium serratum
Vanilla barbellata
Dendrophylax lindenii
Epidendrum anceps
Epidendrum nocturnum
Harrisella porrecta

Lonopsis utricularioides

Prosthechea cochleata
Trichocentrum undulatum
Vanilla phaeantra

Selection of species is with the assistance of Keith Bradley (per-
sonal communications)

Common and scientific names follow References 286, 812, and
867. Alternate local vernaculars are in parentheses, as are new sci-
entific species names, following Reference 812.

These species are endangered in the Florida Department of
Agriculture listing.

g
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Common Name?*

Scientific Name?*

Segmented Worms—Oligochactes

Unnamed aquatic-sediment worm
Unnamed aquatic-sediment worms

Bratislavia unidentata
Dero spp.

Segmented Worms—Leaches

Unnamed leach

Cockscomb hydrobe (Hydrobiidac)
Carib fossaria (Lymnacidac)
Mimic pondsnail (Lymnacidac)
Physa (Physidac)

Florida applesnail (Pilidac)

Ghost rams-hom (Planorbidac)
Seminole rams-horn (Planorbidae)
Mesa rams-horn (Planorbidae)

Snails (Family)

Mooreobdella sp.

Littoridinops monroensis
Fossaria cubensis
Pseudosuccinea columella
Physella spp.

Pomacea paludosa
Biomphalaria havanensis
Planorbella duryi
Planorbella scalaris

Crustaceans (Group)

Everglades crayfish (decapods)
Slough crayfish (decapods)
Riverine grass shrimp (decapods)
Scud or side-swimmer (amphipods)
Copepod (harpacticoids)

Copepod (cyclopoids)

Procambarus alleni
Procambarus fallax
Palaemonetes paludosus
Hyalella azteca
Cletocamptus deitersi
Microcyclops rubellus

Insects—Odonates (Group)

American bluet (damselflies)
Rampur’s forktail (damselflies)
Common green darner (dragonflies)
Eastern pondhawk (dragonflies)
Blue dasher (dragonflies)
Halloween pennant (dragonflies)
Four-spotted pennant (dragonflies)

Enallagma sp.
Ischnura ramburii

Anax junius

Erythemis simplicicolis
Pachydiplax longipennis
Celithemis eponina
Brachymesia gravida

Insects—Mayflies (Family)

Mayfly (Bactidac)
Mayfly (Cacnidac)

Callibaetis floridanus
Caenis diminuta

Insects—Hemipterans or True Bugs (Family)

Water bug (Belostomatidac)

Giant water bug or electric-light bug (Belostomatidac)
Creeping water bug or alligator flea (Naucoridac)

Belostoma spp.
Lithocerus americanus
Pelocoris femoratus

Insects—Beetles (Family)

Predaceous diving beetles (Dytiscidac)

g beetle (Gyrinidae)

Water scavenger beetles (Hydrophilidac)

Celina spp.
Gyrinus elevatus
Berosus spp.

Insects—Dipterans or Flies/Mosquitoes/Midges (Family)

Punkies or biting midges (Ceratopogonidae)

Midge (Chironomidac)
Midge (Chironomidac)
Midge (Chironomidac)
Midge (Chironomidac)
Green midges (Chironomidae)

Dasyhelea spp.
Goeldichironomus holoprasinus
Larsia decolorata

Polypedilum trigonus
Pseudochirononus sp.
Tanytarsus spp.

* Listings, and common and scientific names, follow References 209, 353, 468, 604, 626, 627,

785, and 858.






ops/images/f0011-01.jpg
T —

® Orlando

Grange

Cape
Canaveral

1

osceota srevar
B E:-L&}mmh«mugh - ‘ Altantic
i I
§ H
Tampgt S
£ Manatee
Hardee Indian River
e
Hightands
Sarasora De Soto

\

Charlotre

Charlotte
‘Harbor

Lee

Glades

\/

Palm Beach

Hendry

Sanibel Is.

Gulf of

Mexico

Naples

Cape
Romano,

54°F
(Av Jan. min.)

Pompano Beach

Collier Fort Lauderdale






ops/images/f0155-01.jpg





ops/images/f0079-01.jpg





ops/images/f0309-01.jpg





ops/images/f0297-01.jpg
Loxahatchee
‘Watershed

Lake Worth
Lagoon

Everglades
Ridge and
Slough

Big Cypress

Estuaries

Southern
Marl
Prairie

20 miles






ops/images/f0142-01.jpg





ops/images/f0045-01.jpg





ops/images/f0093-01.jpg
Bl Peat (recent)

[E Miami Limestone
I Fort Thompson

E5 Pinecrest

B Tamiami Formation
B Hawthorn Formation

Big Cypress
Swamp
(WEST)

‘Tamiami Formation

1
|
|
|
|
<«
i

Everglades
(EAST)






ops/images/f0045-02.jpg





ops/images/f0040-01.jpg





ops/images/f0252-02.jpg





ops/images/f0252-01.jpg





ops/images/f0050-01.jpg





ops/images/f0109-01.jpg
Everglades City
Chokoloskee

Tamiami gy

Shark
Valley
Road
P
s°
&
&
Lostmans &= o
iy )' 0 ﬁ s
Highland =% —
Beach 0
LEGEND .
ay-
hay-okee
[ sangroves Overlook
[ coastat Marsh Bty
Hammock

[ coustal Prairie

e Everglades National

Park Boundary
‘est Le
s
0 5 10 Mrazel =
y Pond
Miles Flamingo

Florida Bay






ops/images/f0044-01.jpg





ops/images/f0253-01.jpg





ops/images/f0276-01.jpg





ops/images/t0207-01.jpg
Common Name*
Turtlegrass

Manateegrass
Shoalweed

Caribbean seagrass. paddle grass

Engelmann’s seagrass, star grass.
umbrella grass

Johnson’s seagrass

Wigeongrass (or widgeongrass)

Spiny waternymph
Southern waternymph
American eelgrass, tapegrass

S

Thalassia testudinum

ntific Name?*

Syringodium filiforme
Halodule wrightii

Halophila decipiens
Halophila engelmannii

Halophila johnsonii

Ruppia maritima

Najas marina
Najas guadalupensis
Vallisneria americana

Comments

Marine, lower intertidal to 50 or more feet deep in clear
water, intolerant of estuarine salinity

Marine, intolerant of estuarine salinity

Marine, intertidal to shallow water, tolerant of middle
estuarine salinity

Marine

Marine

Marine, outcompetes other marine vegetation in turbid
waters due to its low-light tolerance: endemic to
Florida’s east coast south of Cape Canaveral, listed as
threatened under the federal Endangered Species Act

Brackish shallows from lagoons and ponds to upper
estuarine erecks, optimal salinities: 5-16ppt

Brackish coastal waters to freshwater lakes and marshes

Freshwater to upper estuarine

Freshwater to upper estuarine

" Common and scientific names follow Reference 867. Second common names are local vernaculars.
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Common Name?*
Two-toed amphiuma (Congo eel)
Greater siren

Everglades dwarf siren

Peninsula newt

Pig frog

Southern leopard frog

Florida cricket frog

Green treefrog

Squirrel treefrog

Cuban treefroge

Little grass frog

Southern chorus frog
Greenhouse frog

Eastern narrowmouth toad
Southern toad

Oak toad

Cane (marine or giant) toad*

Scientific Name*
Amphiuma means
Siren lacertina
Pseudobranchus axanthus belli
Notophthalmus viridescens piaropicola
Lithobates (Rana) grylio
Lithobates (Rana) sphenocephalus
Acris gryllus dorsalis
Hyla cinerea
Hyla squirella
Osteopilus septentrionalis
Pseudacris ocularis
Pseudacris nigrita
Eleutherodactylus planirostris
Gastrophryne carolinensis
Anaxyrus (Bufo) terrestris
Anaxyrus (Bufo) quercicus
Rhinella (Bufo) marina

recognized names. Selection of species based on References 52 and 529

Sm = sawgrass marsh; Sh = solution hole: SI = slough: Wp = wet prairic.

Introduced, exotic species.

General Habitats”
A, Sm
A, Sm
Sm
Sh. Sm
A.SL Sm
A, H, M, SI, Sm
A, Sh, Sm
A,H,M,P.R, Sm
A,H,M, PR, Sm, Wp
A H,M, P, SI
Sm
H.P
R
H, M, P. Sm, Wp
H, P.Sm
H.P.Sm
R

Common and scientific names follow Reference 126. Names in parentheses are previous. widely

General habiitats key (mostly afier Reference 529): A = artificial waters (canals/lakes) including their
shorelines; H =hammock; M = mangroves (low salinity): P = pine rockland: R = residential/urban:
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Common Name" Scientific Name" Status®
Canopy!
Slash pine, Dade County pine* Pinus elliotti var. densa
‘Small Trees and Shrubs?
Florida silver palm Coceorhrinax argentata Tt
Cabbage palm (sabal palm) Sabal palmetto
Saw palmetto Serenoa repens
Running oak Quercus pumila
Miami lead plant Amorpha herbacea var. crenulata Ens
Long Key locustberry Byrsonima lucida Rt
Winged sumac (southern sumac) Rhus copallinum
Vamnishleaf, Florida hopbush Dodonaea viscosa
Mangroveberry (long-stalked or Bahama Mosiera longipes Rt
stopper)
Florida clover ash (West Indian llac) Tetrazygia bicolor Rt
Snowberry. milkberry Chiococea alba (parvifolia)
Rough velvetseed Guettarda scabra
White indigoberry Randia aculeata
Herbaceous Species: Ground Cover and Vines
Lacy bracken (lacy brackenfern) Preridium aguilinam var. caudatum
Florida arrowraot. coontie Zamia punila
Splitbeard bluestem Andropogon ternarius
Wire bluestem Schizachyrium gracile
Florida little bluestem Schizachyrium scopariun (rhizomatus)
Eastern milkpea (pineland milkpea) Galactia regularis (pinetorum) Ens
Small’s milkwort,tiny polygala Polygala smallii Ens, Ue, Fe
Wedge sandmat (rockland spurge) Chamaesyce deltoidea Ens. Fe
Garber's spurge (Garber's sandmar) Chamaesyce garberi Ens. Ut Fe
Pineland croton Croton linearis
Fivepetal leaf flower Phyllanshus pentaphyllus vas. floridanus Ens
Pineland spurge (Everglades poinsettia) Poinsertia pinetorum Ens. Fe
Christmasberry (qual berry) Crossopetalum licifolium Enf, F
Corkystem passionflower Passifiora suberosa
Pineland golden trumpet (pineland Angadenia berteri Enf, Ft
allamanda)
Man-in-the-ground or wild-potato morning  Ipomoea micmdactyla Fe
glory
Pineland clustervine, pineland jacquemontia  Jacquemontia curtisii Ens. Ft
Rockland shrubverbena, pineland lantana Lantana depressa Ens, Fe
Redgal (yellowroot, cheese shrub) Morinda royoc
Everglades key false buttonwood Spermacoce neoterminalis Ens, Ft
Snow squarestem Melanthera nivea Rt

cies names following Reference §12.
Key: Ex
ing; Fe=endangered, and Fi=

Selection of pine rockland species is based on References 37, 727, and Keith Bradley (personal communications).
Common and scientific names follow References 286, 812. and 867. Alternate local vernaculars are in parentheses, as are new scientific spe-

endemic to Florida; Ens=endemic to South Florida; Ue =endangered, and Ut=threatened in U.S. Fish and Wildlife Service ist-
reatened in Florida Department of Agriculture lsting.

‘Trees and shrubs that occur in tropical hardwood hammocks nearly all occur in pine rocklands but are regularly killed back by fire. Live oak.
poisonwood, wild tamarind, willow bustic, and tallow wood (or hog plum) are common examples, and are not listed to avoid redundancy with
Table 5.1

Reference 867 does not recognize varicties of P elliorii and thus uses “slash pine” as the only common name. The name “South Florida slash
pine” is used by Austin® for var. densa, and the corresponding historic name “Dade County pine” is still widely used. ™
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Common Name?*

Florida royal palm

Virginia live oak

Sugarberry, hackberry

Strangler fig

Wild banyan tree (shortleaf fig)

Red mulberry®

Pigeon plum

Lancewood

West Indian cherry

False tamarind (wild tamarind)

Jamaican dogwood, Florida
fishpoison tree

Paradise tree

Gumbo-limbo

West Indian mahogany*

Inkwood. butterbough

Satinleaf

False mastic (mastic)

Willow bustic

Cabbage palm
Tallow wood, hog plum?

Wild lime, lime prickly-ash
Poisonwood., Florida poisontree
Blolly, beeftree

Spicewood

White stopper

Simpson’s stopper, twinberry
Black ironwood., leadwood
Marlberry

Myrsine, colicwood

Wild coffee

Shortleaf wild coffee

Lignumvitae, holywood lignumvitae

parentheses

em Everglades.

Scientific Name?

Canopy Trees
Roystonea regia
Quercus virginiana
Celtis laevigata

Ficus aurea

Ficus citrifolia

Morus rubra
Coccoloba diversifolia
Ocotea coriacea
Prunus myriifolia
Lysiloma latisiliquum
Piscidia piscipula

Simarouba glauca
Bursera simaruba
Swictenia mahagoni
Exothea paniculata
Chrysophyllum oliviforme
Sideroxylon foetidissimum
Sideroxylon salicifolium

Shrubs and Understory Trees
Sabal palmetto
Ximenia americana
Zanthoxylum fagara
Metopium toxiferum
Guapira discolor
Calyptranthes pallens
Eugenia axillaris
Myrcianthes fragrans
Krugiodendron ferreum
Andisia escallonioides
Myrsine cubana
Psychotria nervosa
Psychotria sulzneri
Guaiacum sanctum

Tropical Origin?

Common and scientific names follow References 286 and 867, with alternate vernaculars in

Red mulberry is a temperate tree of the central and eastern United States. Its occurrence in southern
Florida—mostly in hammocks—often correlates with sites of aboriginal occupation.” Thus, it was
likely transported by Native Americans for its sweet, blackberry-like fruit.

The natural distribution of West Indian mahogany is restricted to extreme southern Florida ham-
mocks and the upper Florida Keys. It is (and was) not present in hammocks of the central and north-

“Tallow wood or hog plum. found in hammock margins as well as pinelands. is among the most cold-

tolerant of tropically derived species, being found throughout the Florida peninsula.
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Common Name*
Florida gar

Bowfin (mudfish)

Tarpon

American eel

Golden shiner

Coastal shiner

Lake chubsucker

Yellow bullhead (butter cat)
Tadpole madtom

Walking catfish
Sheepshead minnow
Golden topminnow

Marsh killifish

Seminole killifish

Flagfish

Bluefin killifish

Pike killifish

Eastern mosquitofish

Least killifish

Sailfin molly

Brook silverside

Common snook

Everglades pygmy sunfish
Bluespotted sunfish
Warmouth

Bluegill (bream)

Dollar sunfish

Redear sunfish (shellcracker)
Spotted sunfish (stump-knocker)
Largemouth bass

Swamp darter

Oscar

Mayan cichlid

Blue tilapia

Spotted tilapia

Striped mullet

Scientific Name* Ecological Group”
Lepisosteus platyrhincus 2

Amia calva

Megalops atlanticus
Anguilla rostrata
Notemigonus crysoleucas
Notropis petersoni
Erimyzon sucetta
Ameiurus natalis

Noturus gyrinus

Clarias batrachus
Cyprinodon variegates
Fundulus chrysotus
Fundulus confluentus
Fundulus seminolis
Jordanella floridae
Lucania goodei
Belonesox belizanus
Gambusia holbrooki
Heterandria formosa
Poecilia latipinna
Labidesthes sicculus
Centropomus undecimalis
Elassoma evergladei
Enneacanthus gloriosus
Lepomis gulosus
Lepomis macrochirus
Lepomis marginatus
Lepomis microlophus
Lepomis punctatus
Micropterus salmoides
Etheostoma fusiforme
Astronotus ocellatus
Cichlasoma urophthalmus
Oreochromis (Tilapia) aurea
Tilapia mariae

Mugil cephalus

Common and scientific names follow Reference 594, except those in parentheses, which are

common Florida veraculars.®® “Bream.” here used for the bluegill, is often applied to any
similarly shaped sunfish, such as the redear sunfish, and is therefore equivalent to the lay term

“panfish.”

fish:

Ecological group refers to salinity tolerance as described in the text: 1 =primary freshwater
econdary freshwater fish; and 3= peripheral freshwater fish. Those numbers fol-

lowed by “i” signify introduced, exoic species.
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Percentage  Estimated Net Present Value of

Service Category of Total Restoration Benefits ($)
Groundwater Purification 28 13.150,000,000
Real Estate 35 16.108,000,000
Park Visitation 3 1.311,588.000
Open Space 2 830,700.000
Fishing, Recreational 4 2,037,000.000
Fishing, Commercial 1 524,100,000
Wildlife Habitat and Hunting 27 1,900,000
Total Value of Services 100 46.501.288,000
Initial Investment in Everglades Restoration (CERP) — 11.500.000.000
Benefit-to-Cost Ratio - 41

* Mather Economics. 2010. Measuring the Economic Benefits of America’s Everglades Restoration. Report
to The Everglades Foundation. 136 pages. Available at:  hupi/everglades.3edn.net
ble1536724888a242¢_2em6idw Lx.pdf.
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Common Name* Scientific Name?

Small Trees and Shrubs

Buttonwood Conocarpus erectus

Sea grape Coccoloba wvifera

Christmasberry Lycium carolinianum

Tree seaside oxeye, bay  Borrichia arborescens
marigold

Bushy scaside oxeye, sea  Borrichia frutescens
daisy

Herbaceous and Succulent Plants

Saltwort Batis maritima
Glasswort Salicornia virginica

Sea purslane Sesuvium portulacastrum
Saltgrass Distichls spicata
Seashore dropseed Sporobolus virginicus

Note: Also see Table 8.1
+ Common and scientific names follow References
286 and 867
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Common Name*

Caribbean spiny lobster

Florida stone crab

Eastern oyster (or
American oyster)
Blue crab

Pink shrimp

Pinkspotted shrimp

Cinnamon and bigclaw
river shrimps

Scientific Name* Comments

Marine
Panulirus argus Important reef species, heavily fished for food during a
regulated season
Menippe mercenaria Juveniles offshore, adults move into bays and burrow or

seek shelter in rocky crevices. Harvesting requires
leaving one claw intact and releasing the crab. A second
claw regenerates after molting.

Estuarine Dependent
Crassostrea virginica See Chapters 8. 10, and 12.

Callinectes sapidus See Caloosahatchee estuary section of Chapter 12. Served as
the whole crab instead of just claws.
Farfantepenaeus duorarum  Juvenile stages in estuaries, adults principally marine.

F brasiliensis Commonly found with the pink shrimp
Macrobrachium acanthurus  Recorded in brackish and fresh water in South Florida
and M. carcinus Little is known about them.

* Listings, and common and scientific names, follow References 785 and 858.
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