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				INTRODUCTION

			

			As a child, my world was divided into two places: inside and outside. It was the 1950s, and if we had any say, my siblings and I preferred to play outside. We just loved being outdoors, whether it was the neighborhood with its playgrounds or our backyard or the woods beyond. Anything we found outside was fair game for our entertainment: we made daisy chains, pressed flowers, built tree houses out of scrap lumber. We also flew kites and raced our bikes. I could spend an entire day on my bike pretending it was a horse or a car or a rocket. I can still remember summer nights when the sun set late, and my mother would call to us from the screen door to get inside. Her voice would get increasingly irritated, as it was almost impossible to drag us away from our games of kick the can, four square, hopscotch, and double Dutch jump rope (which I was terrible at). Another reason I didn’t like going inside: I dreaded bath time. My mother would be shocked at the layers of grime and filth from a day of playing outdoors. To me, they were a badge of honor.

			The outdoors is where I first started making discoveries, though I never would have called them that. I never would have thought that splitting rocks, or collecting shells, or dissecting flower buds was something scientists did to unravel Earth’s mysteries. To my mind, I was just playing. It’s only looking back now that I see how curiosity led to observation, and how observation is at the heart of all science. If you like looking at trees, and bark, and the pattern of veins in leaves; if you are fascinated by clouds or the spots on a ladybug’s back; if you like to split open rocks and see what’s inside, then you’re already an outdoor scientist.

			I had no idea what I wanted to be when I grew up, a question that grown-ups are fairly obsessed with. I also had no idea that all the stuff I loved doing as a kid would come to inform my life’s work. I’m an animal scientist, a professor, and an engineer, which means that I study animals and teach college students, but I also work with cows, designing livestock equipment. This book traces how my childhood interests contributed to my work today. I also include lots of stories of scientists who, as you will see, saw their childhood interest develop into passion that they pursued for their entire lives. A young Mary Anning would discover the first complete skeleton of an Ichthyosaurus, an ancient sea creature, on the cliffs of England and become one of the leading paleontologists of her day. Jacques Cousteau always wanted to fly, but a childhood accident ended that dream. Instead he became one of the great underwater explorers, who would later describe swimming underwater like flying. You’ve probably heard that the number of rings in a tree tells its age. That’s something we know thanks to Andrew Ellicott Douglass, whose early interest in astronomy and observations about climate change led him to develop a new branch of science called dendrochronology. Irene Pepperberg got a parakeet as a gift when she was a young child and would spend her life studying whether birds could just mimic us or truly understand speech. Katherine Johnson was a math genius who would overcome racial injustice and discrimination at NASA to become one of a small group of Black women who came up with the calculations to get Apollo 11 not only to the moon, but back.

			But it was during the summers at my aunt’s ranch, where we spent most of the days outdoors, that my love of the natural world and interest in animal science came together. We’d spend whole days outside with the horses going on long trail rides. It was really hot and my aunt used to say that we were opening a door to an oven in the morning when we set out. The grass was brown, and she’d say “everything will green up” when the big downpours came. I loved watching the thunderheads build up in anticipation of the rain. It was like a huge drama in the sky that I could stare at for hours. I later learned in earth science class that thunderheads (also known as cumulonimbus clouds) form when a body of hot air meets a body of cold air. When the two meet, the hot air rises, creating thunderheads. They can reach heights of 50,000 feet above the surface of the earth. The heat released by water condensation causes powerful rain, lightning, and winds. I loved learning about stuff like that.

			Above all, this book is about looking at things closely, about observation—the scientist’s most important tool. It’s about being a detective like Sherlock Holmes and noticing what others fail to notice. The best part is you don’t need any special or fancy equipment, you don’t need to remember a charger, you just need your eyes and the power of observation. Are there one or two sets of paw prints in the snow? Three or four kinds of birds having a conversation in a grove? What kinds of plants are strong enough to push their way through the cracks in the sidewalk? Imagine having concrete poured over your head! How would you escape? For plants, the secret is water. When water enters a plant cell by osmosis, the pressure pushes the plant upward, giving it the power to break through asphalt or concrete.

			Have you ever wondered what makes moss the color of emeralds? (Hint: it has to do with chlorophyll.) Or for that matter, what makes emeralds the color of emeralds? (Hint: it has to do with the presence of chemical elements chromium and vanadium.) Have you ever collected and identified different types of leaves or figured out why some trees flower in May and others in August? Have you ever dissected an acorn? One summer not too long ago, I puzzled over how smashed-up clamshells wound up on the road to the beach. Then one day, I observed a seagull drop a clam on the road, then wait for a car to run it over like a giant nutcracker, busting open the clamshell for the bird to eat the soft meat inside. Mystery explained! I’m still trying to figure out how the red fox I saw in my doctor’s parking lot got there. Was it lost? Frightened? Were there babies nearby? Would it attack if approached? You may not always find the answer, but these are the questions an outdoor scientist asks about the world.

			Today, more than ever, you can participate in the great global project known as citizen science. All over the world, volunteers donate their time, energy, and passion to collect data about the world around them. This is also called crowdsourcing, connecting millions of people to share information about a given topic. These efforts contribute to our knowledge of the earth and all living things. Citizen scientists help scientists collect data on contamination in the environment, measure levels of climate change and pollution, and track endangered species as well as those populations rapidly growing. You can go to citizenscience.gov/catalog/# [inactive] to survey all the different ways you can get involved as an outdoor scientist.

			
				
					[image: ]
				

				
					Photo courtesy of the author

					From a young age, I loved hunting for treasure on the beach. A feather was definitely treasure.

				
			
			I hope, as you read this book, you find projects and experiments that intrigue you and lead you on your own scientific journey into the natural world.
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				ROCKS

			

			CHAPTER ONE

			When we were young, my sister and I loved to bust rocks open in our backyard in Dedham, Massachusetts. We would find them under bushes, in the fields beyond our house, or alongside brooks. Some rocks looked the same on the inside as the outside, but some contained bright-colored crystals within. Once I saw those colors inside, I had to bust open as many rocks as possible. I think I spent an entire summer busting rocks open. I mostly used a hammer since I didn’t have a chisel. Sometimes, I’d just smash one rock against another or against the pavement. (If you’re going to try this yourself, and I highly encourage you to do so, it’s essential to wear safety goggles, which can be purchased at your local hardware store.)
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						I loved cracking open rocks to find the colors inside.

					
				
			

			In grade school, I learned that the rocks we loved were called geodes. A geode is basically any rock with a cavity of crystals inside. My aunt wore a crystal necklace that I always admired. For Christmas one year, she gave me a crystal as a gift. I loved watching rainbows ping in all directions when the sun hit it. At the American Museum of Natural History in New York City, I was amazed by the crystals I saw, the dazzling colors and formations. Some looked like fireworks, exploding in all directions. Others looked like undersea creatures. I had never seen so many brilliant colors and color combinations.

			One way crystals form is when magma, or liquid rock, begins to cool. Different kinds and colors of crystals will form depending on factors like the temperature of the liquid and the amount of time the liquid takes to cool. It’s the same process with snowflakes, also known as snow crystals. They are made of molecules that form in repeating patterns. You can observe crystallization up close if you leave a solution of water and salt out all night at room temperature. The water will evaporate, and the salt will crystallize.

			
				PROJECT #1

				MAKE YOUR OWN CRYSTAL
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					WARNING: Adult supervision required for boiling water.

				

				You’ll need:

				
						
						Pot to boil water

					

						
						1 ¾ cups water

					

						
						½ cup crystal or Epsom salt

					

						
						Glass jar or large glass

					

						
						Food coloring (optional)

					

						
						Thick string

					

						
						Pencil, butter knife, Popsicle stick, or any thin stick

					

				

			
			
				INSTRUCTIONS:
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						BRING WATER TO A BOIL IN A POT (ADULTS CAN HELP WITH THIS IF YOU’RE NOT ALLOWED TO USE THE STOVE YOURSELF).
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						STIR IN SALT, ADDING UNTIL IT NO LONGER DISSOLVES. THE WATER SHOULD LOOK ALMOST CLEAR WITH A FEW GRAINS OF SALT SWIRLING AROUND (WHICH MEANS YOU’VE ADDED SLIGHTLY MORE SALT THAN THE WATER CAN ABSORB).
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						TRANSFER THE SOLUTION TO THE JAR.
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						ADD A FEW DROPS OF FOOD COLORING IF YOU WANT TO MAKE COLORED CRYSTALS.
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						TIE ONE END OF YOUR STRING AROUND THE MIDDLE OF YOUR PENCIL AND LOWER THE OTHER END OF THE STRING INTO THE JAR. THE STRING SHOULD BE LONG ENOUGH SO THAT IT ALMOST TOUCHES THE BOTTOM OF YOUR JAR.
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						BALANCE THE PENCIL ACROSS THE TOP OF YOUR JAR.
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						CRYSTALS SHOULD START TO FORM IN ONE OR TWO DAYS.

					

				

				Improvise: Try using pipe cleaners instead of string and shape them into hearts, moons, lollipops, or other shapes.

				You can also do this experiment using sugar instead of salt to make edible rock candy. The ratio for that is 3 cups of sugar for every 1 cup of water.

			
			Once in a great while, as my sister and I were searching for interesting stones, we’d find stones with rings around them, and we called these our “lucky stones” or “wishing stones.” These we did not smash. Instead, we proudly displayed them on a shelf in the garage where we collected our treasures, like birds’ nests, sea glass, driftwood, and all the things our mother wouldn’t allow in the house. I always wanted to know how the rocks got their rings. According to Dr. Jeremy Young at University College London, rocks have veins that can fill with a liquid containing quartz or calcite, both of which have a white color. Rings can also form when a rock cracks. He explained that the liquid can either dissolve (disappear) or precipitate (turn into a solid). If it precipitates, a white ring is formed.
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						Photo by Temple Grandin

						A polished wishing stone from my personal collection.

					
				
			

			We had an encyclopedia at home that I used to identify all the different kinds of rocks you could find in the Northeast. Now you can get the same information on the internet, or by visiting your local library. But all you need to start identifying the rocks where you live is . . . a rock. If you have a backyard, dig up a few there. If you live in an apartment without a yard, try your nearby park or schoolyard.

			There are three main groups of rocks:

			
					
					Igneous rocks are formed when magma, which is molten (liquid) rock beneath the surface of the earth, cools and becomes solid. The most common igneous rock is granite, and there is lots of it where we lived in New England. Granite doesn’t have much texture or layering. It usually has a hard, smooth surface and is mostly made of black, white, or gray materials with mica flecks (the shiny stuff that looks like bits of mirror). It is used to make everything from skyscrapers and statues to kitchen countertops. There is a really cool type of granite called orbicular. I wish I could have found some of this in New England.
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							I found this orbicular granite  in a science classroom.

						
					
					

					
					Sedimentary rocks generally have layers, are sandy to the touch, and are usually brown and gray. The layers of sedimentary rock that make up huge parts of the Grand Canyon, for example, are created by sand and rock pushed around by wind and water and compacted over the span of millions of years. If you’re really lucky, you might find a fossil with an animal footprint or a leaf in a sedimentary rock. Limestone, sandstone, and halite (which is salt) are among the most common sedimentary rocks and are used in construction materials like cement. Other sedimentary rocks, like coal, are mined to produce energy.

				

					
					Metamorphic rock forms when sedimentary, igneous, or even other metamorphic rocks are transformed by extreme pressure and heat. Metamorphic rocks include varieties like schist and slate, but the most famous is marble. These rocks tend to have smooth surfaces or curved layers. Marble has been used in some of the most well-known buildings in the world, including the Pantheon in Rome, Italy; the Taj Mahal in Agra, India; and a number of U.S. capital buildings and monuments, including the Washington Monument, the Lincoln Memorial, and the Supreme Court building.

				

			

			
				
					
						ARE MARBLES MADE OF MARBLE?

					

				

				Good question. Marbles have been around since ancient Egypt and have been found in places as varied as Pompeii and the Native American (specifically Cherokee) plains. According to Rob Lammle of Mental Floss, the first marbles were probably small stones smoothed over by rushing streams or ocean waves. Early marbles were also made from clay, bones, acorns, and walnuts. Later, marbles were made from marble stone, which is known for its beautiful swirls of color and is likely how they got their name.

				For some reason I don’t completely understand, humans have always enjoyed flicking round objects in an effort to knock their opponents out. Other games that use the same principle, but with larger balls, are bocce and billiards.

				In 1902, an Ohio man named Martin Frederick Christensen patented the first machine for mass manufacturing glass marbles, which he called “Machine for Making Spherical Bodies or Balls.” His method is still in use today. Glass is melted into liquid that flows out of the kiln and is cut into small pieces called slugs. The slugs are dropped onto spinning cast-iron rolls that shape the ball. Marbles come in lots of colors with beautiful patterns. The effects are created by adding colored glass while the marble is still in a liquid form, then twisting or rolling the ball to swirl the color inside. Marbles have fun names that describe their features, such as bumblebees, corkscrews, swirls, cat’s eyes, and clouds. The answer to our original question? No, marbles these days are usually not made of marble.

			
			To measure a rock or mineral’s hardness, geologists use something called the Mohs’ scale, created by Friedrich Mohs in 1812. Mohs was interested in geology (the scientific field that studies rocks, minerals, and solid earth) from an early age and worked with minerals his whole life. But he is best known for the ten-point scale he developed to classify minerals and rocks by their hardness, which geologists still use today. The softest mineral is talc and the hardest is a diamond. The Mohs’ scale basically creates its rankings by way of a scratch test. Here are the guidelines:

			
					
					If you can scratch a rock with your fingernail and leave a mark, it’s 1–2.5 on the Mohs’ scale.

				

					
					If can scratch the rock with a copper penny, it’s a 3–3.5 on the scale.

				

					
					If you can scratch a rock with a knife, it’s 4–5.5 on the scale.

				

					
					If you can scratch it with a steel nail, it’s a 6–6.5 on the scale.

				

					
					If you can scratch it with a drill bit, it’s a 7–8.5 on the scale.

				

					
					And if even the drill doesn’t make a scratch, then your rock is somewhere between an 8.5 and a 10.

				

			

			Here are the basics to look for in rock identification:

			
					
					Color: Note the color and the shades. Be specific. For instance, if your rock is gray, note the shades from light to dark.

				

					
					Markings: Does your rock have stripes, dots, or other markings?

				

					
					Luster: This is your rock’s sheen. Is it shiny or dull? Sometimes a rock can be both: shiny in one part and dull in another.

				

					
					Mineral Habits: This is the shape of your rock, its layers and textures. Does it have weird crags, depressions, or bumps?

				

					
					Cleavage and Fracture: This is how the rock breaks. When you smash it, do you get a clean break or does it splinter off? What does the inside look like?

				

			

			Once you’ve conducted a full investigation of your rock, you will be ready to make an identification. The final step is to check your observations against a guide to rocks and minerals either from the library or online to make an accurate identification. Two reliable guides I can recommend are Smithsonian Handbooks: Rocks and Minerals by Chris Pellant and Ultimate Explorer Field Guide: Rocks and Minerals by Nancy Honovich. Don’t be discouraged if you don’t get it right at first—many rocks have similar features, and it takes some practice to make a positive identification. The fun part is honing your rock detective skills. The more rocks you examine, the better you’ll get at it.

			
				PROJECT #2

				ROCK & CRYSTAL SPECIMEN BOX

				Start your own rock collection or specimen box. Visit the local library or use the internet to look up a list of rocks in your area and their properties. Think of this as a scavenger hunt for different kinds of rocks.

				You’ll need:

				
						
						Marker

					

						
						Shoebox lid

					

						
						Guide for identifying rocks (either a book or a website)

					

						
						Glue or epoxy

					

						
						Magnifying glass or microscope (If you don’t have a magnifier or microscope, your parents might have some magnifying eyeglasses at home. They work well, too.)

					

				

			
			
				INSTRUCTIONS:
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						DRAW A GRID OF 15 BOXES LIKE A TIC-TAC-TOE GRID ON THE INSIDE OF YOUR SHOEBOX LID.
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						USE YOUR GUIDE TO LABEL EACH BOX WITH THE NAME OF A DIFFERENT ROCK FROM YOUR AREA AND ITS PROPERTIES.
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						SEARCH YOUR NEIGHBORHOOD FOR ROCK “SAMPLES.” THINK OF IT LIKE FILLING IN THE NUMBERS ON A BINGO CARD: THE GOAL IS TO GET A SAMPLE OF EACH ROCK IN YOUR AREA.
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						USE YOUR MAGNIFIER TO IDENTIFY THE TEXTURE, COLOR, AND APPEARANCE: IS IT SOLID, MIXED, OR STRIPED? WHAT IS THE HARDNESS ACCORDING TO THE MOHS’ SCALE? CAN YOU SCRATCH IT WITH YOUR FINGERNAIL? A PENNY?
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						CHECK YOUR IDENTIFICATION AGAINST YOUR GUIDE TO ROCKS AND MINERALS. WITH A POSITIVE IDENTIFICATION, YOU ARE READY TO GLUE IT IN ITS RIGHTFUL BOX WITH THE NAME AND DESCRIPTION, AND YOU’RE ON YOUR WAY.

					

				

			
			
				
					ROCKS IN YOUR HEAD

				

				Eugene Shoemaker started collecting rock samples when he was young. He’d been given a bag of marbles, and that started his search for interesting rocks and minerals around his neighborhood. In fifth grade, he took a class at the Buffalo Museum of Science, where he first learned about botany, mineralogy, and geology. He read every book he could find in the library on the subject and filled coffee cans with rock samples from the North Platte River near his grandparents’ home in Wyoming during summer vacations.

				After college, Gene went to work for the United States Geographical Survey. It was the perfect job for a young man who had spent his childhood summers rock hunting. Gene Shoemaker traveled the country keeping track of various landscapes and locating natural resources. In the 1960s, he was assigned to study the Hopi Buttes in Arizona, where he came across an enormous crater. Until then, most scientists believed that all craters were formed by volcanic activity. Gene Shoemaker was the first person to prove that some of the craters on Earth and the moon were formed from the impact of a space rock or meteorite crashing down from space. This became known as “impact theory,” and it was later used to help explain how dinosaurs became extinct. Shoemaker said, “For a long while, nobody believed me, but eventually I convinced them.”

				Gene Shoemaker’s lifelong dream was to go to the moon. An illness disqualified him from becoming the first geologist in space, but he was hired to work on the Apollo 11 expedition, training astronauts on lunar missions. Apollo 11 was the first mission to put men on the moon, and it was Shoemaker’s greatest disappointment not to go with them. After Gene died, a student of his made sure that some of his ashes were put on a spacecraft designed to crash into the moon. To this day, Gene Shoemaker is the only person to have his ashes spread on the moon. So, you could say, he fulfilled his dream of going to the moon.
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						Photo courtesy of the U.S. Geological Survey

						Gene Shoemaker surveying land.

					
				
			
			The first time I went to Hawaii, I remember flying into an airport on one of the islands and thinking that it looked like a moonscape, except that a fancy hotel and golf course had been built on the hardened lava bed. I had first learned about the earth’s layers in fifth-grade geology class. Volcanoes fascinated me in part because of their awesome power, but also because looking down into them was like being able to peer into the earth’s crust. Years later, in another part of Hawaii, I traveled with one of my students to look at an active volcano

			
			
			
				
					FOR THE LOVE OF ROCKS
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					FOSSIL FACE

				

				
				
			
			
				
					SHE SELLS SEASHELLS BY THE SEASHORE
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						[image: L0022370 Autograph letter concerning the discovery Credit: Wellcome Library, London. Wellcome Images images@wellcome.ac.uk http://wellcomeimages.org Autograph letter concerning the discovery of plesiosaurus, from Mary Anning; sketch of plesiosaurus. Sketch of dinosaur December 26th, 1823 Published:  -   Copyrighted work available under Creative Commons Attribution only licence CC BY 4.0 http://creativecommons.org/licenses/by/4.0/]
					

					
						
						
					
				
			
			
				PROJECT #3

				FAKE FOSSIL

				You’ll need:

				
						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

				

			
			
				INSTRUCTIONS:
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				PROJECT #4

				PEBBLE MOSAICS

				You’ll need:

				
						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

				

			
			
				INSTRUCTIONS:
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				PROJECT #5

				CAIRNS

				You’ll need:

				
						
						
					

				

				You won’t need:

				
						
						
					

				

			
			
				INSTRUCTIONS:
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				PROJECT #6

				DRIFTWOOD WREATH

				You’ll need:

				
						
						
					

						
						
					

						
						
					

						
						
					

						
						
					

				

			
			
				INSTRUCTIONS:
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