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The early mist of dawn brings primeval tranquility to Peacock Springs, its crystalline blue pool hidden among ancient lowland cypress. Its water rises from more than five miles of explored underground passageways and flows slowly for a mile to the Suwannee River. Wes Skiles Peacock Springs State Park, Suwannee County, 1978.











Preface

My introduction to the springs of Florida was a dive in Peacock Springs in 1973. As a biologist/diver I was moved and intrigued by the beauty and size of so many springs rising from the earth. I became fascinated by their remarkable clarity and the abundant diversity of life so clearly visible in their transparent headsprings, rivers, and runs. Compelled by what I encountered there, I began documenting the underwater world and wildlife of Florida’s springs. Then, as now, I thought the world should know these places better.


So, for the years that followed, I traveled across Florida, camped by springs for months at a time, entered their waters day and night in all seasons of the year. Later Tim Whitney joined me, and we gained access to the great depths of Wakulla Springs and the immense fossil laden cave at the source of Silver Springs. We dove big springs and small, entered underwater caves and caverns, dove with mermaids, crawled down spring runs at night, and drifted spring rivers for miles underwater, always with cameras in hand to document these many realms and the underwater wildlife in them.


The end result is this collection of images intended to serve as an updated field guide for the identification of springs wildlife with underwater photography, to offer information on their natural history and to serve as a reference on the general hydrogeology and changing biology of Florida’s spring ecosystems.


In many cases the images presented here, the result of hundreds of hours underwater over decades, are historical. Many were taken more than forty years ago. They are included here with the date of their capture to serve as a reference to what many springs used to be. The images here remain representative of the wildlife in springs today, but some also reveal the springs of the past, that they may spark concern for the future in one of the rarest freshwater environments on Earth.


Many spring locations are included here, but this book is not a tour guide. There are more than a thousand springs in Florida, and many are protected in public and private parks, each one important for spring protection. But not all can be represented here. The spring parks in chapter 6 are included because they are the largest and most well known in Florida and/or are of special significance to divers and snorkelers who are able to see their unique underwater domains and wildlife. Additional information is also included for these locations for park visitors and paddlers.


While researching information and the science already known about Florida’s springs, I happened across the writings of William Bartram, an early American naturalist tasked by the king of England in the 1770s to travel and record his travels across America’s new southeastern territories. In his book Travels, Bartram wrote with eloquent awe of his encounters with the springs of Florida, these very same springs that now captivate us more than two centuries later. Impressed by the accuracy of his insight and moved by his Quaker reverence, I have wondered what would flow from Bartram’s pen if he could weave in a weightless journey through the depths of these transparent waters with the ease we do today. It is appropriate that he introduce each chapter of this book as his prose still best describes the wondrous nature of these places.


One book cannot portray all the springs environments of Florida and the creatures inhabiting them. Some inhabitants are too rare, some are too remote, others too fleeting to be included here. Rather, this is a passing view of the springs environments above and below the water and represents but momentary events in the life history of underwater wildlife most likely encountered by visitors there. Not all springs will contain all the creatures presented here. Some will contain more. There remain many springs and inhabitants not included in this collection.


The many realms of fresh water that most often surround us are dark rivers, clouded ponds, and the opaque depths of inland lakes. We cannot see into them nor fathom the incessant activities of life that occur throughout their depths. The many springs that jewel the landscape of Florida are ornate exceptions to an environment so often veiled in obscurity. They are translucent openings into a dominion very rare: a crystalline world of fresh water at the edge of the sea.


There is a simple beauty endemic to the springs of Florida. They attract increasing numbers of us yearly to their quiet pools and crystalline rivers. In our journeys there, many of us have sought to better understand their origins, to visit their deeper hidden realms, and to know their many inhabitants. For those who have entered their waters, or from the surface viewed their turquoise expanses with inquisitive wonder, I hope to reveal their hidden places and creatures.


Doug Stamm


Naples FL 2022








Introduction

A gift to the human mind since the dawn of time has been the sense of wonder we feel at the sight of nature’s more unusual or spectacular creations. Whenever on Earth they have occurred in the past, or continue to prevail around us, these wonders have inspired great myths and legends to explain their seemingly mystical origins and purpose. In Florida, such revelations of nature’s splendor abound in the form of mysterious crystalline rivers and streams that rise from within the Earth. In their unique profusion and resplendence, these springs have continued to



[image: frn_fig_007.jpg]
A potsherd the size of a postage stamp, dated to a culture from the Middle Woodland Period, still lies in the sand on the bottom of Cypress Springs. Identified as Wakulla Check Stamped style, it has been there for a thousand years and is a reminder our springs were home to the earliest Americans. Cypress Springs, Washington County, 1993.




fascinate us since the earliest Americans walked onto the peninsula more than ten thousand years ago.


Ancient cultures that first ventured into Florida long ago found primitive security in the plentiful food and campsites spring sites provided. In the mysteries of these upwelling waters, religions and legends were founded. Plentiful relics of these early Floridians in the form of stone points, pottery, and fossilized bones of the ancient prey are found underwater among spring sands.


More than two thousand years ago when most inhabitants of North America were tribes of nomadic hunter-gatherers, a settlement was established on Florida’s Gulf coast at the edge of a spring river. This colony, complete with temple mounds and a plaza was surrounded by sufficient bounty that it prospered for 1,600 years, becoming one of the longest occupied sites in Florida’s prehistory. At approximately the same time as the collapse of the Mayan culture that flourished in Central America, the site was abandoned. Along the banks of Crystal River, in the Crystal River Archaeological State Park, remnants of this advanced society are preserved, including an enigmatic stone “stelae” of a human face, similar to stelae found nowhere else but in Mesoamerica, hinting there may have been contact between Florida and the Maya. Ancient culture’s fascination with Florida’s springs is perhaps best reflected in the early religions of Florida’s Paleo people, who believed these springs held sacred waters with magical properties that could cure their sick and heal their wounded. Early Spanish accounts mention Florida natives so revered their sacred waters that, even in times of war, they could meet at edges of some springs in peace.


The first Spanish explorers to land on the shores of Florida were quick to believe that many kinds of treasures were to be found in the new and wondrous land. Influenced by native religions and rumors of sacred springs, legends were born of crystalline fountains of youth hidden deep in the interior of Florida. The arrival in 1513 of a Spanish officer named Juan Ponce de Leon, and the mysterious expeditions he led throughout these regions, kindled the legends further. Though Ponce de Leon’s search for a fountain of youth is likely more legend than fact, he is credited with the discovery of many springs during what historians argue was his probable mission of secretly searching for gold in Florida. Some springs still bear his name, and the legends of waters that heal and restore youth live on.


The now classic writings of colonial traveler and naturalist William Bartram in the 1770s did much to enhance the knowledge of springs and their inhabitants as well as the fauna and flora of the primitive southeast. On commission from the king of England, William Bartram, with eyes tuned to the subtle nuances of an unknown and hazardous land, traversed a primordial Florida, eloquently describing all he saw. Many of his original insights into the spring and their subterranean origins and realms remain accurate today.


The development of this region in the days of colonial America was influenced, in part, by the presence of springs. Their water provided navigable rivers and streams, and, as their locations and fame spread by word of mouth, civilization moved into the interior of Florida. Settlements were again founded on the banks of spring rivers or near headsprings, often at sites used by previous cultures for thousands of years. A great many present-day Florida cities and towns are named after nearby springs.


The impressive clarity and size of Florida’s springs have accounted for their greatest intrigue, but it was not until 1856, when Dr. Daniel G. Brinton visited Silver Springs that the first science of the day observations were made. Brinton was so moved by the environment of Silver Springs that he ranked it with Niagara Falls and the Mississippi River as one of the “grand hydrographical features of the North American continent.” In 1859, Professor John LeConte described Silver Springs as “beautiful beyond description” and devised a number of experiments to measure the transparency of the spring’s water. In one simple test, he discovered he could read the headline type of the New York Herald newspaper while it was suspended 60 feet beneath the surface of the spring. Since these original investigations more than 150 years ago, the springs have attracted innumerable scientists in search of answers to the springs’ many secrets.


The first modern scientific investigations of springs were conducted by Dr. Howard T. Odum, whose pioneering work in systems ecology in the 1950s and 1960s at Silver Springs was the first real intensive study of spring ecosystems. His legacy and work live on today in the work of Dr. Robert L. Knight, founder and director of the Howard T. Odum Florida Springs Institute based in High Springs, Florida. The Florida Springs Institute is a science-based research, educational, and nonprofit organization created to document, protect, and restore the health of Florida’s springs and the aquifer from which they rise.


Today, the springs impart a considerable and growing contribution to the economy of Florida as well as providing recreation for millions of residents and tourists from around the world. A multitude of enterprises directly and indirectly influenced by springs are found across Florida. The larger springs in state parks that advertise underwater theater and glass-bottom boat rides are the most well known. Numerous dive resorts, outfitters, restaurants, SCUBA shops, lodging,



[image: frn_fig_008.jpg]
A near shore spring boils brown in an estuary in northern Florida after its aquifer source was infiltrated by tannic water from heavy rains in its recharge area. Spring Creek Group, Wakulla County, 2022. DRONE PHOTO BY MATT STAMM





[image: frn_fig_009.jpg]
Submarine Spring Gulf—In an otherwise flat and sandy seafloor, an oasis is created by a rare form of spring 14 miles (23 km) offshore of southwest Florida. A warm, geothermal seawater spring with a deep geologic source, similar to Warm Mineral Springs found on land near Northport, attracts a variety of life. Two goliath groupers hover near but not in its 95-degree F (35 C) water. STAMM ROV IMAGE. GULF OF MEXICO. 2022. 14 MILES NNW OF NAPLES, FL.




campgrounds, and county parks are present along springs and their rivers and streams. And health resorts established more than a century ago continue to attract visitors from around the world who come to bathe in spring waters still claimed to heal.


The peninsula of Florida contains one of the largest concentrations of freshwater springs in the world. More than a thousand springs are known in the state, and they rise to the surface in a variety of forms and terrains. Many springs are so small they barely trickle across a forest floor; others are the deepest and largest springs known in the world. Submarine springs also rise from the ocean floor off Florida’s shores in the shallow coastal waters of the Atlantic Ocean and Gulf of Mexico, each one forming a rare oasis in in the sea.


But, as remarkable as the springs are in their abundance and size, it’s what lies beneath their mirrored surfaces that bestows their greatest fascination. There, hidden by depth and surface reflection, a freshwater environment exists unsurpassed in its abundance of life.


The many forms of springs, combined with their occurrence in the subtropical environment of Florida, have resulted in freshwater environments unparalleled in North America. There are more species of fishes, amphibians, and reptiles in Florida than in any other comparable area of the world, and Florida’s fresh waters are visited by more numbers of saltwater fishes than in any other area of the United States. The springs play an important role in supporting this great profusion and diversity of life. Equally as important as the aquatic life the springs maintain are the other aquatic environments they affect and the varied terrestrial plant and animal life upon which the springs have influence.


Many springs, when they meet the surface of land, flow as rivers and streams that may wind for miles through live oak woods and lowland cypress to finally meet and dilute the turbid flow of still other rivers. Other springs rise through river bottoms and river edges to form transparent windows in otherwise dark waters. The springs are environments onto themselves, but they have mutual bonds with the environments through which they pass and into which they flow.


The springs constitute a varied and complex ecosystem—one less known than most. By comparison, these aquatic environments are relatively small, but unlike most other aquatic environments, their realms extend far into regions where we cannot yet venture. Many people enjoy the springs’ shallow underwater areas with mask and snorkel and SCUBA gear; a few highly trained cave divers with specialized gear have explored some of the many subterranean caves and passageways; but deeper realms exist where no human has yet to penetrate.


The springs are in themselves environments characterized by extreme contrasts. At their surface, exposed to the sun, there is brilliance, color, abundance of life. In their subterranean depths, there is eternal and total darkness. Divers have died in the exploration of these depths, but with each new person’s discovery of these waters, a new sense of reverence and appreciation is born. There are few aquatic places in our world that rival the many dimensions of wonder found in the springs of Florida.


Though the springs in the twenty-first century are changing under the impact of modern Florida, and though some are diminished and others impaired, they still remain wondrous blue jewels in the forest. These same springs that lured ancient peoples and caused civilizations to prosper, these sacred waters that kindled religion and reverence and spawned legends of eternal youth, and these same springs that inspired the gifted pen of Bartram are around us still. Indeed, as I write and as you read, they flow this moment to the sea.
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The mouth of a subterranean river becomes the source of a surface stream where its water rushes through a vent in limestone bedrock. It flows with such force that it maintains a milky geyser of suspended sand and shells and forms a “boil” on the headspring surface. Ichetucknee Springs State Park, Columbia County, 1978.


Chapter 1
The Springs Environment


[image: chpt_fig_001.jpg]



“Behold, for instance, a vast circular expanse before you, the waters of which are so extremely clear as to be absolutely diaphanous or transparent as the ether. But behold yet something far more admirable, see whole armies descending into the abyss, into the mouth of the bubbling fountain; they disappear. Are they gone forever? Is it real? I raise my eyes with terror and astonishment. I look down again to the fountain with anxiety, then behold them as it were emerging from the blue ether of another world.”

—William Bartram, 1775



The area that is now Florida was at times before the dinosaurs part of a great plateau of weathered mountains that extended south of the main continental land mass of North America. This already ancient mountain range, or Floridan Plateau, over millions of years sank slowly beneath the ocean, leaving in its wake a large and shallow sea surrounded by deep waters of what are now the Gulf of Mexico and the Atlantic Ocean.

This warm and tropical sea that covered the plateau was ideally suited to a great abundance of marine life. Countless varieties of shellfish, coral, and microscopic animals (foraminifera) flourished. As each organism died, its protective shell or covering of calcium and magnesium carbonates (limestone) remained, and each new generation grew upon the remnants of old. Through ensuing ages, as new life evolved and diversified, as continents imperceptibly moved and changed form, the limestone thickened on the Floridan Plateau.

The gradual accumulation of limestone grew to such magnitude over thousands of centuries that, rather than reaching the surface to form a land mass and islands, the limestone’s massive weight forced the old plateau to settle still deeper into the earth. As sediments increased and the plateau settled further, the shallow sea environment continued for more millions of years.

Geologic forces within the Earth’s changing crust began to stress the sediments, warping them into a dome shape over the original rock plateau. In the recent geologic past, the limestone made of an infinite number of creatures large and small over many millions of years, was forced up into an arch and rose above the sea. A new land mass, resurrected from the sea, was formed again where it had not existed for thousands of millennia. This new peninsula was soon lush with tropical vegetation, and a vast array of creatures roamed its virgin terrain.


[image: chpt_fig_002.jpg]
An 8-inch catfish (20 cm) swims in front of a massive, fossilized bone protruding from an underwater limestone wall near Ocala. Likely the remnant of a zeuglodon, an early ancestor of modern whales that reached 50 feet in length. It died in a shallow sea more than 30 million years ago to become part of the limestone foundation of Florida. Paradise Springs, Marion County, 1979.




[image: chpt_fig_003.jpg]
In an underwater world more than 300 feet (91 m) below Weeki Wachee Springs, two scooter-propelled cave explorers pass through an immense subterranean room deep in Florida’s aquifer. Multiple colored layers of limestone are exposed along this river’s passageway, sculpted by centuries of spring water flowing across its surface. Weeki Wachee Springs. Citrus County, 2021. PHOTO COURTESY OF KIRILL EGOROV—GLOBAL UNDERWATER EXPLORERS, KARST UNDERWATER RESEARCH PHOTOGRAPHER.



The porous limestone that composed the newborn peninsula was saturated with salt water in its final emergence from the sea. Fresh water, falling as tropical rain, was slowly absorbed by the limestone and floated upon the heavier salt water within the sediments. As more centuries passed, the continuous addition of fresh water gradually displaced the salt water downward and into lower regions of the limestone, and along the coasts, forced it laterally back into the sea.

Decaying vegetation mixed with fresh water as it percolated into the ground, forming a mild carbonic acid solution. Combining with the already inherently soluble properties of limestone, the acidic water in a slow but persistent course dissolved a honeycomb of tunnels, fissures, and caverns deep in the bedrock of Florida. The subterranean regions of Florida have thus become an immense rock sponge saturated with fresh water and meshed with a matrix of underground rivers that flow through a complex maze of tunnels and passageways.

The limestone base formed in Florida’s evolution extends in some regions of the state to depths greater than ten thousand feet. This limestone now constitutes an underground reservoir or “aquifer,” enormous enough in size to store great volumes of fresh water. With constant resupply from rains, an overflow results and spills from the aquifer. These overflows, where they rise to the surface of land through cracks and fissures in the limestone, form the springs of Florida. The springs of Florida are uniquely large and prolific because of the tremendous size of the aquifer below that supports them, the Floridan Aquifer.

Two types of aquifers have the ability to create springs. Florida’s springs are artesian springs, rising from an artesian aquifer that holds water under a confining layer of impermeable material such as clay or nonporous bedrock. Artesian springs result when the head pressure of water


[image: chpt_fig_004.jpg]
The porosity of Florida’s limestone is visibly evident around these swimmers standing on the roof of an underwater cavern. The exhaled air of divers in the cavern below can percolate upward through the limestone bedrock as easily as rainwater can percolate down. Ginnie Springs, Gilchrist County, 1979.



confined in the aquifer is sufficient to force water up through cracks and fissures in the overlying nonporous material. The height to which the pressure will force water is called the “potentio-metric surface.”

Artesian springs account for the largest springs in the world and respond to water conditions over a wide area. The volume of water an artesian spring produces remains fairly constant and reactions to local water conditions are usually subtle.

In contrast, a non-artesian aquifer will exhibit springs where ground level had dipped below the local water table. Water simply flows by gravity through porous soil or along cracks in the nonporous bedrock to appear as “seepage” springs in low areas or the base of hills and mountains. Such springs are usually small and are the most common springs worldwide. The amount of water they produce is directly influenced by local water table conditions and rainfall.

Four major aquifers have been identified in Florida, but the Floridan Aquifer, located in the northern half of the state, is the most significant for springs creation. The Floridan Aquifer is the only artesian aquifer in Florida, and from it flows the largest and greatest number of springs.


[image: chpt_fig_005.jpg]



The greatest concentration of springs appears in north central Florida where the Floridan Aquifer is both near and at the surface of land and where rivers over millennia have wandered across the land, in the process eroding away confining beds of clay. Where the limestone aquifer is deeper underground, there is sufficient pressure within it to force springs to the surface in other land areas lying more than 100 feet above sea level.

In many areas of Florida, a process continues where underground water filled cavities in the limestone collapse to form “sinks.” Sinks that collapse into the aquifer will fill with water, often with a slight lateral flow, but the water does not flow as a river or stream. Sinks can be likened to a hole in a soaked sponge.

In yet another form, spring-fed rivers like the St. Marks and Santa Fe have areas where the river flows down into a sink and continues underground for miles in some cases and then reappears on the surface to continue overland, creating a “natural bridge” over its flow.

Water within the Floridan Aquifer is replenished by rainfall where the limestone dome outcrops at the land’s surface in north central Florida and southern Alabama and Georgia—a massive recharge area estimated to encompass 13,000 square miles. The Floridan Aquifer has an equal capacity to store water. It is estimated that were the aquifer not present, Florida’s annual 53 inches of rainfall could flood much of the state to a depth of several feet per year.

Aside from being the source of Florida’s springs, the Floridan Aquifer is one of the state’s most important and valuable natural resources. The aquifer is the source of municipal water supplies for such major metropolitan areas as Tallahassee, Gainesville, Jacksonville, Ocala, Orlando, Cape Canaveral, and Tampa-St. Petersburg. In addition, it provides water to tens of thousands of domestic, industrial, and irrigational wells throughout the northern half of the state. The ever-increasing demand for water stored in the aquifer now reaches billions of gallons per day, with the effect of changing the water quality and flow of many springs.


[image: chpt_fig_006.jpg]
In one of Florida’s most protected first-magnitude springs, a jumble of fossilized bones from cave bears, camels, sloths, and other creatures of the Pleistocene lay 70 feet underwater on a cave floor undisturbed for more than 10,000 years. Silver Springs State Park, Marion County, 1978.




[image: chpt_fig_007.jpg]
One half of the total Silver Springs River flow rises into sunlight through this singular aquifer vent in the headspring pool (Mammoth Spring) at Silver Springs. One of the spring’s famous glass-bottom boats can be seen on the surface more than 70 feet (21 m) above. Silver Springs State Park, Marion County, 1978.



During the Pleistocene when water levels around the world were much lower and Florida was twice its size, water levels in the aquifer were hundreds of feet lower in the limestone than in modern times. With much lower water levels, the flowing springs and their underwater caves we know of today were for thousands of years dry, open-air caves and sinkholes in the habitat of mega-fauna like mastodons, giant sloths, camels and sabre-toothed cats. Abundant evidence of their presence remains in the fossilized bones of these ancient creatures found in many springs and their caves.

A number of factors have combined in Florida to make this “karst terrain” (soluble limestone and sinks) one of the most favorable regions in the world for the formation of springs. Warm climate, heavy rainfall, prolific decaying vegetation, high humidity and limestone rock thousands of feet thick have left Florida with its legacy of springs and spring fed rivers. Because each of these factors played a role in the creation of each spring, every spring is unique in its rate of flow, size, and design.

Karst terrain in Florida generally sources springs in several ways. The two largest springs in the world, Wakulla Springs and Silver Springs, rise from a single large vent (cave) in the limestone and are a single source for their spring rivers, although several rivers merge underground in the aquifer before rising as one source. Often single-source headsprings create a “boil” on the surface when the force of water disturbs the surface.

Other springs like Crystal River rise as a multitude of springs large and small over a larger area and merge into one river before flowing to the sea. Other springs like the Rainbow River rise through multiple areas of bubbling sand at its source and smaller springs gradually feed its


[image: chpt_fig_008.jpg]
Florida’s limestone cap is exposed through clear spring water at the source of King Spring in the Crystal River, its many fractures clearly visible. Several springs emerge in this area to form the largest natural winter manatee sanctuary in the world. Crystal River National Wildlife Refuges, Citrus County, 1982.




[image: chpt_fig_009.jpg]
The headspring basin of the Rainbow River, one of the largest spring rivers in Florida, is formed by spring water rising up and through areas of bubbling sand on the spring floor. As the river flows downstream, multiple bubbling seeps and flow from vents in fractured limestone add to its volume of flow. Rainbow Springs State Park, Marion County, 1978.




volume as the river flows almost 6 miles before merging with the Withlacoochee River. And many springs rise next to and under Florida’s northern rivers where the river has exposed fractures in the aquifer. The spring flow of many springs creates a shallow and often short stream or “run” that empties into a nearby river.

Springs are classified into categories according to the volume of water they produce in a given amount of time. Their flow rates are averages of several measurements described in terms of cubic feet per minute (ft3/sec) or million gallons per day (mgd).

The largest springs are classified “First-Magnitude,” in which flow rates exceed 100 ft3/sec or 64.6 mgd (2.8 m3/sec or 245 million liters per day). Seventy-five first-magnitude springs are known in the United States, and Florida has more than one third of those with thirty-three first-magnitude springs with a combined flow rate once measured at 6 billion gallons (over 22 billion liters) per day.
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