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INTRODUCTION





  For focus, exercise, and pleasant distraction, I walk the mile-long trail from my home to the Winooski Riverbank in South Burlington, Vermont. By the time I pass a dozen houses, traverse a power-line right-of-way, and take the deep dive through woods to the water, my mind is cleared and worries diminished.




  These brief trips provide solitude, grounding, and an opportunity to explore. Slowing down and observing carefully reveals diverse life in this place barely a stone’s throw from homes, roads, and an international airport. Each patch of soil, each fallen tree, and every puddle of standing water is a microcosm of life to be appreciated.




  During a recent trip, I paused by a river pool protected from the main current by a collapsed piece of riverbank. The river had reclaimed the previously deposited soil and the new pool’s surface was already occupied by dancing whirligig beetles. A second group of insects, some nonbiting midges, was bouncing on the water surface, to what end I can only guess.




  The bouncing behavior, it turned out, was reckless, because the waiting whirligigs reoriented to each ripple, sprinting, in generally vain attempts to snatch a winged meal. I perched on a passably dry tree root above the pool, watching the unfolding action. After more than fifteen minutes, I was rewarded, or rather a whirligig was rewarded with a midge-sized meal.




  I suppose one could measure pool area, beetle and midge densities, and calculate the probability that a beetle might nab a midge, but the simple observation was enough for me to know that it happens. And clearly it happens frequently enough, or the beetles would have evolved to dine elsewhere. Careful observations of natural history are the foundation upon which ecological science is built. And whether you are a scientist, passionate natural historian, or simply enjoy walks in the woods, there are many observations and discoveries to be made.




  Fifteen minutes on a tree root was enough for one discovery, but I still wanted to see more than just a single whirligig, fly wings protruding from its mandibles, while swimming through peers jostling for a morsel. I had previously fed ants to water striders, so I proceeded up the riverbank flipping logs and turning stones to find a few. It has been said that bird-watchers leave only footprints while entomologists leave chaos. I was determined to defeat that stereotype, and I carefully replaced each log and rock to protect the invertebrates and salamanders that call them home.




  My ant search was brief and futile. But I did find an isopod, or woodlouse, to serve my curiosity. I returned to my pool, the whirligigs briefly scattered, so I sat until they seemed to adjust to my presence. I attempted to gently drop my captive on the water surface as I had previously done with ants, and immediately learned another important lesson. Terrestrial isopods sink! Ants are easily supported by the surface tension, but the isopod fell through to the pool bed without so much as a pause. If the whirligigs noticed, they gave no indication.




  The essays in this book are based on my experiences as an aquatic ecologist and naturalist. My interests in the natural world are broad, but I have had a particular fascination with life in fresh water. This fascination dates to a childhood in the Irish midlands and parents who encouraged my siblings and I to pursue our interests. I followed my interests to ponds and the Shannon River. Some of my fondest and most deeply engrained memories are of hours spent with homemade nets in drainage ditches near our home.




  Unless you live in a desert, it’s quite likely that there is a freshwater habitat close by. Diverse life exists in rivers, ponds, springs, rain gutters, and yes, even in drainage ditches. You don’t need specialized equipment or scuba gear to see what amazing organisms live under a stream rock, or in pile of submerged leaves. A simple net and a clear plastic jar can be a window into the exotic world of pond life. Sitting for fifteen minutes on a riverbank can be just as rewarding.




  Like any enthusiast, I am close to my subject, sometimes too close to realize how utterly unfamiliar the underwater world is to many. We are, after all, a terrestrial species. But the annual influx of new Saint Michael’s College students reminds me regularly that the excitement of discovery is always close at hand, and that for most people, seeing a caddisfly or picking a crayfish from a riverbed is a brand-new experience and a discovery of unfamiliar and exciting life that exists in our very own neighborhoods.




  Although I have organized the essays that make up this book into parts, there is no particular reason to read them in that order. If a title grabs your attention, then that is the next one to read. Each essay stands alone, and they are sufficiently brief to read between the busy moments of life. I write to share experiences and introduce the ensemble that occupies puddles, ponds, and backwaters. It is my hope that familiarity can build appreciation, and the next time you visit a pond or stream, you may be tempted to wade in, dip a net, or simply turn a stone.




  











   

      

  PART I




  




  




  WATER FOR LIFE




  Water is the driving force of all nature.




  —LEONARDO DA VINCI




  As you read this book, the signals transmitting words to your brain and conjuring mental images are dependent on water. Each muscular contraction allowing your eyes to track words on screen or page depends utterly on chemistry happening in water. There are other methods to transmit signals as demonstrated by our inventions from telegraph to the internet, but these methods are not the ways of “life.” Everything that we consider to be “living” is water-based.




  Each of our inventions is a product of minds bathed constantly in water-based blood carrying glucose in and wastes away. You and I are water-based beings, and fully 60 percent of each of our bodies consists of water.




  All of the chemistry of living beings including blue whales, desert iguanas, and microscopic bacteria happens in water. Even viruses on the very boundary of what we define as “life” function only after entering a cell that is filled mostly with water. The marvelous chemistry underpinning all bodily functions in all life-forms we have encountered thus far can occur only because of unique physical and chemical properties of the water molecule.




  For these reasons, the first part of Turning Stones explores just some of the unusual characteristics of a molecule consisting of an oxygen atom bound to two hydrogen atoms. These traits provide constant winter temperatures for some organisms, cap winter lakes with solid ceilings, moderate our climates, and even allow some organisms to walk on water.




  The natural processes that clean and deliver our water at zero cost are what environmental economists call “ecosystem services.” If we do our part to protect this precious resource, water will continue to sustain not only human lives, but the lives of our fellow travelers on this one finite Earth.
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WATER FOR LIFE





  Few images have captured the human imagination as thoroughly as the iconic “Blue Marble” photograph taken in 1972 by the Apollo 17 crew while en route to the Moon. The view from 18,000 miles up shows the outline of the African continent, the Arabian Peninsula, Madagascar, a cloud-shrouded Antarctica, and the Eurasian landmass wrapping the northern horizon.




  But oceans provide the dominant color for the Blue Marble. Water is ubiquitous on Earth with oceans covering fully two-thirds of the planet’s surface. The first life-forms and indeed most life on earth evolved in the salty marine environment.




  Fresh water is just a drop in the proverbial bucket of Earth’s water, but it is essential for our survival, and for the survival of a host of fascinating organisms with which we share the planet. Water containing less than 0.05 percent dissolved salt content is fresh water, more salt than that and the water is considered “brackish.” Seawater contains 3.5 percent salt.




  Less than 3 percent of Earth’s water is fresh water, and two-thirds of that is inaccessibly tied up in ice caps, snow, and ice. After accounting for groundwater and water in the atmosphere, just 0.01 percent of Earth’s total water is found on the land surface in lakes, ponds, rivers, and streams. Viewed in the larger context of the Earth and considering accessible fresh water’s importance to our economic systems and to our very survival, that surface water is a precious resource worthy of our care and protection.




  I am reminded when I wash my dishes that water is considered the universal solvent for good reason. Water on its own easily removes crusted sugary food and dried-on salt. This works because the H2O molecule has both positive and negative charges. The negatively charged oxygen atom interacts well with some components of the dried-on food and the positively charged hydrogen atoms fare better with other food scraps.




  But there’s more to the magic of water than just positive and negative charges. Because water molecules are bent at a 104.5° angle with the oxygen atom at the bend, oxygen’s negative charge points in one direction. Positively charged hydrogen atoms point in the opposite direction. Each water molecule functions as a very miniature magnet that is attracted to all of its peers, and to other molecules and atoms depending on their charges.




  Just as magnets are often labeled with north and south poles, water molecules are considered polar because of the opposite distribution of negative and positive charges. Other polar molecules like sugars and salts dissolve particularly well in water. Nonpolar molecules like oils and greases dissolve poorly in water. Detergent molecules that at one end are attracted to water, and at the other attracted to fatty compounds help solve that problem. Detergents also reduce surface tension, allowing water to better wet clothing in our washing machines.




  The polar characteristic of water is important for far more than removing egg yolks and caramelized sugars from our dishes. Water carries all of the raw materials needed for life to and from root hairs deep in the ground to needles as high as 380 feet skyward in the world’s tallest tree, a redwood named “Hyperion.” Likewise, all the elements and compounds necessary for your life and mine are carried by water.




  Water’s polarity affects surface tension, heat capacity, and the density anomaly that permits ice to float over constant-temperature water. This book of essays focuses on life in 0.01 percent of the planet’s water, and that life, or truly any life, would not be possible without some truly unusual physical and chemical characteristics of the humble water molecule. Essays in this first part of the book cover some of the remarkable consequences of water chemistry that make life on our precious blue planet possible.











 
SURFACE TENSION





  On windless days, a pond’s glassy surface is dimpled only by the incessant revolutions of whirligig beetles. Unless of course they are joined by their leggier competitors, the water striders. These distantly related insects together with their predators, the fishing spiders, are perhaps the most charismatic animals living at the air/water interphase. But the total cast of characters, some more aquatic, others more terrestrial, is diverse. In addition to those born to ply the surface, there are those that visit from below to refill their “scuba tanks” or poke the surface with “snorkels,” others more tenuously skitter from leaf to stick, and still others appear doomed on contact with the watery surface.




  The doomed-from-the-start group include landlubber insects that are blown in by oblivious winds, knocked from a branch, or simply overreaching victims of gravity. Opportunists on and below the surface are ready to avail themselves of these protein-packed snacks. Perhaps only an academic ecologist would view this interface of life and death as a “source of terrestrial supplementation of the aquatic food web.”




  But how do denser-than-water organisms walk on a pond? The answer is “surface tension,” and more particularly, water’s unusually strong surface tension. Molecules in liquids are held together by forces of mutual attraction; otherwise, these substances would be gases. And when we heat liquids above their boiling points, the energy we supply breaks these forces of attraction and liquids become gases.




  Forces of attraction deep in liquids are shared among molecules in all directions. However, at the surface there are no liquid molecules above, and so all forces of attraction are devoted below and horizontally along the surface. As a result, liquid surface molecules are more strongly attracted to each other than would otherwise be the case and liquid surfaces are skin-like and act like mini trampolines, or major trampolines in the cases of lakes and ponds.




  Surface tension strength, and the characteristics of objects, like insect legs, determine whether the surface breaks and the insect gets wet or remains high and dry. Engineers designing pumps to move various liquids use tables of surface tension, measured as dynes per centimeter, or the energy required to break a surface film of 1 cm in length. Ethanol, the alcohol found in beer and wine, has a surface tension of 22 dynes/cm while gasoline measures 19 dynes/cm; water comes in at an astonishing 73 dynes/cm.




  To develop a deeper appreciation for what these numbers mean, I ran a few simple experiments. I dripped liquids from an eyedropper onto a polyester jacket hung on my office door. Water bounced right off, and it took repeated drips on the same spot to wet the sleeve. Alcohol instantly sank into the fabric without a drop repelled. I didn’t mess with gasoline; an office smelling of alcohol first thing in the morning was enough to explain.




  To get to the heart of liquid surfaces supporting dense objects, I decided to use steel. Steel is far denser than any of the liquids I had on hand and seemed an ideal test substance. I punched a few staples from my stapler being careful not to bend them. I weighed one; it was 0.034 grams, about as heavy as ten to twenty mosquitoes or as much as a large water strider.




  I placed a staple on a piece of tissue paper and dropped it on the surface of water in a coffee cup. Once the tissue was thoroughly wet, I gently pushed it under leaving the staple on the water surface where it remained for more than an hour. Great, water has strong surface tension, but what about other liquids?




  To see if water was really “all that,” I compared it with alcohol. I repeated the experiment; the tissue saturated immediately and went below bringing its staple along for the ride. I repeated with folded layers of tissue, which slowed the process, but the staple still sank.




  My morning’s tabletop experimenting convinced me of the strength of water’s surface tension, and countless encounters with water striders, emerging mosquitoes, springtails, and fishing spiders have more than convinced me of the importance of the community ecologists refer to as the “pleuston,” or those organisms living on, or in the case of some snails, crawling beneath the surface tension.




  To experiment on a liquid with a stronger surface tension than water, I borrowed a bottle of glycerin from a colleague; you can find it at the pharmacy. Its surface tension is just higher than water’s at 76 dynes/cm. I placed a staple on the surface using tweezers. The staple stayed right on the surface. I went to lunch; it was still perched on top when I returned and went under only when I added detergent to break the surface tension.




  Water, of course, has a great many other characteristics that make it perfect for supporting life on our planet. And glycerin is certainly not something I’d like to encounter in a lake or pond. Water’s surface tension just happens to be a characteristic that physically supports life and provides yet another ecological niche where various life-forms found in the second part of the book can ply their trades.











  
AN EXTRAORDINARY FONDNESS FOR HEAT
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  Igrew up on the 53rd parallel, as far north as Newfoundland and Labrador, Edmonton in Alberta, and Barnaul in Siberia. Despite being six hundred miles closer to the Arctic Circle than my current Vermont home, Ireland’s climate is comparatively balmy. Snow is so rare that it cripples the country as it might a southern US state ill equipped for layers of white. By February, when I’m still shoveling snow, my Irish siblings will post photographs of crocuses and snowdrops, I post mine in April.




  Ireland’s mild climate is a result of water’s incredible capacity to store heat. Ocean water warmed by the Gulf of Mexico’s subtropical sun flows northeast along the United States and Atlantic Canada coasts before feeding the North Atlantic current that bathes Europe’s coast. Warmth carried by these ocean currents moderates Western Europe’s climate and spares Ireland the worst rigors of winter at 53 degrees latitude.




  Inland lakes have similar effects. I recorded the maximum and minimum temperatures for towns along the historic Erie Canal. Canal routes are fairly flat, and this one runs east and west across New York State thus minimizing both elevation and latitude impacts on temperature. Starting from the west where Lake Erie moderates the climate, Buffalo’s average low is 19 degrees Fahrenheit and the high is 79, giving an annual temperature range of 60 degrees. Traveling east, Rochester, moderated by Lake Ontario, has an annual range of 65 degrees. Continuing, and departing now from lake influence, Syracuse has a 67-degree annual range. At 55 miles from Lake Ontario, Utica’s range is 71 degrees, and another 23 miles gets us to Little Falls, where the range is 72 degrees.




  The pattern reverses as we approach a larger and more influential water body, the Atlantic Ocean. Schenectady has a 70-degree range and Albany, just 110 miles from Long Island Sound has a 69-degree range. Abandoning the Erie Canal and continuing due east to the Atlantic, Boston has an annual range of 60 degrees, just like in Buffalo, but Boston, influenced by the much warmer Gulf Stream, averages 3 degrees warmer.




  These climatic influences are due to water’s unusually high “heat capacity,” the amount of heat needed to increase the temperature of a substance by a certain number of degrees. Heating metals like lead or gold up by a few degrees requires little energy but heating water by the same amount requires more than 30 times the energy. Water resists changes in temperature, and once heated, it efficiently stores heat.




  It is because of water’s heat capacity and availability that we use it in car cooling systems. It is mixed with antifreeze to protect engines in cold weather and to raise the boiling temperature. Water absorbs the engine’s heat and releases it through the car’s radiator and the heating system that defrosts your windshield and warms your toes.




  High school participants in Vermont EPSCoR’s (Established Program to Stimulate Competitive Research) outreach program install temperature sensors in Vermont streams. They zip-tie sensors to metal rods driven into creek beds, where they record water temperature every two hours. Students preparing data for final presentations witness stark differences between water temperatures and air temperatures taken the same day.




  When Rutland High School recovered their probe from a Poultney River tributary in 2017, they learned that the river water temperature reached a high of 70 degrees in late September and a low of 43 degrees by the end of October. The air temperature in Rutland at the time peaked at 90 degrees before falling to a low of 28. Because of water’s resistance to temperature change, the river ranged over just 27 degrees while the air temperature spanned a full 62 degrees.




  So reliably consistent is this difference between air temperatures and water temperatures that scientists can use it to determine if and when ponds or reservoirs dry up. The Vermont Center for Ecostudies installs temperature probes in the deepest part of each vernal pool they monitor. Vernal pools dry out each year and host a fascinating array of organisms. When a probe temperature in a particular pool starts to match air temperature, they know the pool has dried out, and is therefore truly a vernal pool.




  Water’s high heat capacity has implications beyond moderating terrestrial climates and utility in vernal pool monitoring. Thermal stability in aquatic systems provides a safe haven from weather extremes for all members of aquatic communities. Fish, macroinvertebrates, and aquatic plants are spared the dramatic temperature swings endured by terrestrial organisms. And because cooler water holds more oxygen, some fish and macroinvertebrates survive only in the coolest of streams.
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