Hibernate!
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Read a book that introduces the topic of Hibernation such as: 
Bear Snores On by Karma Wilson, Under the Snow by Melissa Stewart, Do Not Disturb: The Mysteries of Animal Hibernation and Sleep by Margery Facklam, Hibernation Station by Michelle Meadows, or Sleep, Big Bear, Sleep! By Maureen Wright. 
[image: image11.wmf]As you read model text interaction and reader responses, showing students how to relate their own ideas to literature  and support their judgments with references to the text, other sources, and personal knowledge. Interact and have students interact with the text by using some of the following techniques: 

Questions:

· Who?

· What?

· Where?

· When?

· Why?

· How?

· Do? Did?

Opinions:

· I liked…

· I didn’t like…

Connections

· This reminds me of…

· I remember when…

New Learning

· I realized…

· I learned…

· I didn’t know that
You’re Getting Sleepy…Very Very Sleepy

*Tips and Techniques: When introducing a new concept, especially to ELL students 

· Check background knowledge

· Speak slowly when teaching a new concept and when giving instruction
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Allow many opportunities of guided practice before asking the students to attempt the new task on their own.

· Model how to research using many different sources. 

· Continuously check for understanding of task/assignment

· Use picture cues.

To introduce the topic and access student’s prior knowledge Ask the students, “How do we get ready for the winter and cold weather?” Brainstorm possible answers. (wear long sleeves, wear long pants, wear coats, stay inside, turn on the heat) “What about animals? What do they do to get ready for winter?” Brainstorm. Then get pictures of various animals that hibernate and some that do not. [Ex. ones that do. Groundhogs, Frogs, Garter snakes, Gophers, Bears, Fish, Salamanders, Insects]
Have the students brainstorm animals that hibernate, and display the resulting list in a wall chart and then look at the pictures.  Have students guess how these animals spend their winter. How do they survive in the cold? What do they do to eat? What is their food source? Are they affected by the cold? Students will then brainstorm what they think these animals do to make it through the winter.

Food, water, and shelter always top the list when we think about the things most important to our well-being. We often seem to forget something that is absolutely essential—sleep. A lack of sleep disturbs our ability to think and do. A person deprived of sleep loses energy, becomes irritable, has difficulty concentrating, makes numerous mistakes with routine tasks, hallucinates, and will doze off if not kept active.
	Average Sleep Needs

	Age
	Hours

	Newborns (0-2 months)
	12 - 18

	Infants (3 months to 1 year)
	14 - 15

	Toddlers (1 to 3 years)
	12 - 14

	Preschoolers (3 to 5 years)
	11 - 13

	School-aged children (5 to 12 years)
	10 - 11

	Teens and preteens (12 to 18 years)
	8.5 - 10

	Adults (18+)
	7.5 - 9
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Sleep Deprived?

How much sleep did we get last night? 
1. Ask students how many hours of sleep they think a baby needs, a toddler, a school age child, a teenager, and their parents need and write their estimates on the board. 
2. Then, work as a group with your students and make a chart about how much everyone has slept the night before.

3. Have students calculate the   average amount of sleep for your group of how much sleep the students got the night before and have them compare it to the averages on the chart
It will give you an idea of the ballpark each of us should be aiming for.  Are they deprived? 
Different people need different amounts of sleep.  The amount of sleep required daily varies with age and the individual. Newborn babies may need as many as twenty-two hours, while their grandparents often sleep only five or six. Men generally need more sleep than women, but the average human spends seven to nine hours sleeping—about one-third of his or her life. So if someone lived to be 90, how many years, approximately, would they have spent sleeping?
Discuss with students what happens while we sleep. Why is sleep so important for our bodies? When we go to sleep, our muscles relax, our heartbeat and breathing rate slow down slightly, and our body temperature drops a couple of degrees. Our brains relax, our bodies relax, and the powers of the body are restored.”
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Sleep in wildlife is even more varied: Certain animals have what many people might consider the good fortune to be able to sleep through the winter—to hibernate. 
Spreading the Yawn

Did you just yawn? Now, can you stop? Isn’t it amazing how fast it spreads?  Brown bears do it, ladybugs too. Bats and snakes, and a frog or two. Groundhogs, chipmunks, in a sleepy state. What do they do? They hibernate! 

Materials:

· Pencils

· A-Z Sheet

All individual or pairs of players should start the game with a pen or pencil and the Alphabox sheet. In the sheet have students make a list of as many animals as possible and identify if they think they hibernate, migrate (leave to find a better environment), or adapt. After time is called, players take turns (in a clockwise circle) reading the words they wrote down and whether they think each one hibernates, migrates, and/or adapts.  If a player reads off an animal which another player thinks may not be a valid hibernator, migratory, or adaptor, you can look up the animal as the deciding factor and/or all players can vote on it. 

Note: The list of hibernators is never ending, but a few are given below as samples. You can decide how strict you want to be. Ex: If a student writes down “bird” and only “hibernator” you may decide whether to count it, a few species of birds do hibernate, or to discredit it, as it is not specific and not all birds hibernate, some migrate, and others adapt. Keep the abilities of your students in mind.

Option: If another player or players have the same animal, all players with that word must cross it out (ie. no points are to be gained). Only unique animals receive points. 

· Badger

· Bat

· Bear

· Bee 

· Blackfish 

· Butterfly

· Chipmunk 
· Dormouse
· Echidna 

· Frog 

· Gila Monster

· Gopher/Ground Squirrel

· Groundhog/Woodchuck

· Ground Squirrel/Gopher
· Fat Tailed Lemurs
· Hamster

· Hedgehog

· Jerboa

· Ladybugs
· Lizard 

· Marmot 

· Mosquito 

· Moth

· Mouse 

· Poorwill 

· Pupfish
· Prairie Dogs
· Raccoon

· Skunk

· Slow Worm

· Snake

· Squirrel

· Turtle 

· Wasp 

· Woodchuck/Groundhog

· Yellow Jacket
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Gloomy Days and Longer Nights
No wonder animals hibernate. You wake up a dark November morning only to find out it's pouring rain, even though the thermometer reads 30 degrees. It's enough to make anyone want to go back between the flannel sheets and set the alarm clock for May.
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And this gloomy time of year is just when many animals start to hibernate. They bed down in the fall and, for all intents and purposes, don't arise again until the spring. Animals begin hibernating for two reasons. Some begin when the days grow shorter in the fall. Some begin when the days get colder. If an animal waits to hibernate until it gets cold, it can keep eating until then. During a very mild winter, it might not have to hibernate at all. Raccoons and skunks do it. So do woodchucks and chipmunks, hamsters and hedgehogs, bats and bears. Some, particularly rodents, sleep very deeply, while others, such as bears, slumber more lightly. But do you know why they do it? Or what they need to do to insure that they have enough food for those winter months?  Just like humans animals get energy by consuming food.  Weight for animals and humans is primarily determined by your balance of calories, meaning how what you burn stacks up against what you consume every day. Body fat, which is packed with energy, is burned off to provide the energy necessary to do what we need to do. So if you take in more or fewer calories than your body burns, you either gain or lose fat. We all use energy at every second of the day whether we are sitting at our desk, eating lunch, or even sleeping and animals do too. Because there is less food available in the winter, animals enter hibernation to conserve (save) energy and to survive the winter.  
Hibernation is a state that some animals enter in the winter in order to survive a period when food is not readily available. Animals that hibernate enter a temporary condition in which their body temperatures drop significantly and their heart rate and breathing slow drastically. This helps them save energy, burn less calories, and survive winter with no or little food. Hibernation is not like regular human sleep where loud noises can wake you up. With true hibernation, the animal can be moved around or touched and not know it. Don’t you do this, though.  If you were to wake up a hibernating animal midwinter, you would be effectively killing it. It would use up so much energy warming itself up in order to awaken that it would have no chance of making it to spring even if it could re-enter hibernation. Some animals only go into a torpor or temporary sleep time and can wake up quickly.  Like bears.  We are going to use the word 'sleep' sometimes but hibernation is different from regular sleep.  With normal sleep, like us when we sleep, the animal moves a little, has an active brain, and can wake up very quickly.  With true hibernation, the animal appears dead.  There is no movement and it takes a long time for it to wake up enough to even walk around.
As a result, the animals use up less energy than when they are active. What causes the body temperature and heartbeat to decrease is not completely understood; some research suggests that hormonal activity is involved. 
Cardio Calculations

Using the following examples, among others, have students do a math problem to figure out several animals heart rate and temperature decrease and determine the percentage of change. 

Examples:

· A ground squirrel whose usual temperature is about 100° F. (38° C.) has a hibernation temperature of about 40° F. (4° C.). Its heartbeat decreases from about 150 times a minute to about 5 times a minute. 
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A woodchuck's heart rate goes from 80 beats a minute when active to 4 or 5 beats a minute when in hibernation. Its body temperature drops from 98 degrees Fahrenheit to 38 degrees Fahrenheit.  
· A chipmunk's heart rate slows to five beats per minute from the usual 200. 
· During hibernation, a little brown bat's pulse decreases from the usual 400-700 beats per minute to a mere 7-10 beats per minute. 
· The largest animals to hibernate are bears. Their heart rate may slow down from a usual 40 –50 beats per minute to 8-12 beats per minute, but their body temperature changes very little, so they are able to wake up quickly. 
For many animals heart rate drops to as little as 2.5 percent of its usual level. How many times per minute would student’s hearts beat if theirs dropped to 2.5 percent of its current level? Breathing rate drops by 50 percent to 100 percent. Yes, 100 percent. Some animals stop breathing entirely. A few reptiles go their entire hibernation period without breathing, and even mammals have shown the ability to survive with drastically reduced oxygen supplies.  Have students calculate how many times their hearts would beat if it dropped to 50 percent of its current level.
Under Control
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Some scientists believe that hibernation is controlled by a part of the brain called the hypothalamus. The hypothalamus works like a thermostat. A thermostat is a gadget that senses changes in room temperature and switches a furnace or an air conditioner on or off to warm or cool the room. During hibernation an animal’s thermostat is set lower, allowing it to maintain a lower body temperature. 
Materials:

· Temporal Artery Accurate thermometers
· White board or other way of recording information
· Graphing paper

· Pencils
Use a temporal artery thermometer (takes temperature by swiping on the forehead) and check to see the difference in temperature between the students. Normal human temperature is what? 98.5 degrees. Are any of the students warmer or colder than that?

Have students graph student’s temperatures, or graph them as a group on the board, and determine if everyone has the same temperature or if they are different.
How could students change their temperature? Try it! Do their ideas work?
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Trigger HIT Triggers It!
Scientists have found a substance called HIT in the blood of hibernating animals. HIT stands for Hibernation Inducement Trigger. HIT goes into action when one of three things happens: when there are big changes in temperature (cold or hot), when food is scarce or when days grow shorter and there is less daylight. 

Hibernating animals, such as bats, ground squirrels, mouse lemurs, and European hedgehogs, do not need to eat or drink because their metabolism slows and their bodies can live off of stored fat.  Body fat, stored during the summer, is slowly consumed as the animal sleeps. The [image: image20.wmf]animal loses as much as 40 per cent of its body weight before spring, when it rouses from hibernation. During the time period when it wakes (which can occur even when the outside temperature is relatively cool), body heat is created by shivering and by the breakdown of carbohydrates stored in the body.
Only small and medium-sized animals truly hibernate. Many species of rodents and bats hibernate in response to food shortages and cold weather. Bears are not considered to be “true” hibernators because their body temperature drops only a few degrees and they can awaken very quickly. Large mammals (mammals are animals with fur that nurse their babies with milk) would have difficulties in awaking from hibernation due to the great amount of energy required to raise their body temperature back to normal. 
Home Sweet Hibernaculum!

[image: image21.jpg]


Different kinds of animals hibernate in different kinds of safe spots. An animal has to find or make a living space (hibernaculum) that protects it from winter weather and predators.  Why do students think they need to do this? What might happen to a hibernating animal if it wasn’t in a safe spot? When they go into hibernation and their bodies slow down, enemies can get them easier, they could be picked up, moved around, or cut open and never even wake up. Some scientists have even done surgery on hibernating animals. Because of this danger, and their inability to defend themselves, animals that hibernate try to pick the safest place to spend the winter away from these enemies.
So, like Goldilocks, they have to find just the right spot! Animals carefully choose their hibernaculum – hibernation site. It must be cold enough to allow the animal’s body temperature to drop low enough that the animal becomes dormant or inactive. In this dormant state the animal’s metabolism is slower, since they don’t have as much going on in their bodies, they don’t need to use as much energy, which means the energy or fat they do have lasts longer. The hibernaculum must not be too cold or the animal may freeze to death. Most rodents hibernate in underground burrows where the temperature stays pretty much the same. Discuss with students why the temperature might stay the same underground. The hibernaculum must also provide protection from light, noise, and predators. Discuss: What might be dangerous about light, noise, and predators? What could light do to a hibernating animal? Some animals stay in caves. Cave temperatures stay fairly constant throughout the year. Many caves typically have an average yearly temperature of approximately 55-58 degrees Fahrenheit. A cave is not always cooler than the air outside. In winter, in most places, the temperature in the cave is higher than outside. Discuss: Why might the cave be warmer than the air outside? What happens to most caves? Is there very much air coming in from the outside? The cave temperature is influenced not only by depth, but greatly by the outside temperature. Cave temperature is usually very close to the annual average outside temperature, as the cave has entrances through which outside air penetrates (comes in), but wind is not usually whipping through, so it doesn’t change very quickly. Because of the large mass of the cave rock, usually over time the cave temperature has equilibrated (evened out) to the average outside temperature. A cave in a warm climate, like New Mexico, will have a higher temperature than one in Maine. Discuss and practice: Why would a cave in New Mexico have a higher temperature? What if an area is typically 95 degrees in the summer, 75 degrees in the spring, 80 degrees in the fall, and 38 degrees in the winter? What temperature would caves typically be in that area? (Practice other averages) Why do people and animals like caves? Would caves feel cooler in the summer and warmer in the winter? 
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Before going into hibernation, animals must store up fat. Some animals will lose half their weight over the winter, so it is important for them to bulk up in the fall. A black bear can gain as much as 30 pounds per week, at 3,500 calories a pound, that means eating a lot! Scientists believe that animals use temperature and amount of daylight to dictate (tell them) when to begin eating and when to go into hibernation. When temperatures increase at the beginning of spring, the animals wake up. Remember, some animals, such as bears, sleep for most of the winter but wake up intermittently and forage (search) for food when the temperature is a little warmer. These animals are not true hibernators; they actually enter a milder state, torpor, in the winter. During torpor, an animal's body temperature does not drop as much as those animals who truly hibernate.  
A Place to Rest Mural 
In the weeks before hibernation or dormancy, animals prepare their winter beds. Where do they sleep during this time? To help students find out, ask them to brainstorm a list of [image: image23.jpg]


hibernating animals, then select and research an animal from the list. Instruct them to write on note cards how their animals prepare their hibernation homes. Do they build nests? Line them with food? Dig burrows? As students complete their research, invite them to create a winter mural by drawing their animals in their hibernation homes on large rolls of white craft paper or bulletin board paper. Using art supplies, students then can add mounds of snow, icicles, and other winter scenery. After each student has had a chance to share his or her fact card with the class, attach it to the mural near the appropriate animal.
Who Pooped in the Park? Tracking Torpor
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(For an interesting and informative introduction to this topic read a book like Big Tracks, Little Tracks: Following Animal Prints; Tracks, Scat, and Signs;  or Who Pooped in the Park? by Steve Kemp and Robert Rath with the students. Colorful illustrations of animals and their scat and tracks supplement this lively tale, and a quick-reference chart at the back will make field identification a breeze!) 

Tell students: You're walking beside a stream in a county park. Look to the ground. What do you see? Tracks in the slush and mud -- many animals have been here before you. Raccoons have grabbed fish from this creek. Deer have slurped (drank) water while standing on the muddy bank. A great horned owl has even surprised and ate a mouse by this creek.
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Discuss: How might you be able to tell all this? You look the paw, hoof and claw prints these animals leave in the mud.

From before time of the cave men to the present, man has had to learn this skill to survive in the wilderness. By knowing how to track animals in the wild humans were able to feed their families. Learning to recognize animal tracks was a necessary skill for explorers and pioneers, too. Trackers learned to recognize an animal from the shape of its footprint, determine its size, and decide whether the animal was worth tracking for food. It was also possible to recognize the tracks of dangerous animals and know to avoid those areas. Sometimes, during droughts (long periods of dry weather) animal tracks could also lead the way to finding water. 

Today, field biologists -- scientists who observe animals in the wild -- study tracks all the time. These biologists often make plaster casts of tracks they find in the wild. They do this to preserve the tracks for later study indoors. 
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Wildlife can be elusive (hard to find) because they tend to avoid people and sometimes we’re disappointed when, at first, we don’t encounter many animals in the winter. If we know the signs we can quickly learn, however, that there are animals all around, and these creatures leave behind scat and tracks. An animal track is a mark left by a moving animal. 
Remember, tracking is a technique that scientists and hunters use to find and follow animals. Most people think of following the footprints of an animal, but there are other ways to track animals. For example, you can examine their "scat" or "droppings" (poop), look for scratches in the bark of trees or ground, or look for their dens.
Animal tracks (footprints) and scat (poop) are used in the winter and other seasons by scientists and other people to help determine what animals are living and moving in an area, what the animal is, where it is going, and to help determine what a creature has eaten recently.  (Discuss)  Tracks can also tell us a story about where the animal traveled from and where they went to. It may also give us clues about where the animal makes its home in the cold winter months and how active it is on particular days. Wildlife population estimates can be made from observing the number of tracks found during a specific length of time. Habitat requirements of individuals can be determined by finding their tracks in certain areas and not finding them in others.

Track hunting is really very easy to learn but takes some time to become an expert. To begin, just look in the mud or snow near or under a brushy area or search a wooded area to find tracks of small animals. Larger animals may leave tracks in more open areas.
Remember, some animals remain and stay active in the winter and other animals sleep for most of the winter, and are active sometimes. Animals such as skunks, raccoons and some chipmunks are the light sleepers, easily awakened. They may sleep during the most severe weather and wake to roam, poop, and eat during milder weather so sometimes we can find their tracks. 
Wants & Needs
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Discuss sources of food, water, and shelter in different habitats and/or the areas and where you might be likely to find animal tracks with your students.  
1. Have students create a chart showing food, water, and shelter sources for different habitats and add those details to their mural.  

2. As a group, or have students under teacher supervision look through pictures of animal tracks (ex. the field guide in the back of the book) and pay close attention to the animal footprints.  Have students recreate their animal’s footprints and add them to their mural.

3. Engage students in a discussion about the identifying parts of each footprint (shape of foot and toes, etc.) and how it shows what the animal uses its feet for (climbing, swimming, running, etc.).  
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Expansion: Expand this exploration of animal tracks by taking your students on a trek through the school, class, or available area. Use a reproducible to place animal tracks on the floor, walls, and windows, then ask students to find the animal that escaped your mural!
 Is it a hibernator? They should point out identifying elements in the footprints and make guesses about what the animal is until they find the animal and prove that they are true trackers!
Things for students to think about:

[image: image1.png]


Think about what kind of animals live in the area. This will help you narrow the field of identification. It's a pretty good bet that if you're looking in your backyard you'll find squirrel, bird, and maybe rabbit tracks.
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Four toes on each of the front and hind feet means you're looking at a track from the dog family (fox, wolf, coyote, neighborhood dog) or the cat family (bobcat, lynx, neighborhood cat). Does the paw print have small triangular marks in front of it? If yes, those are claw marks. Raccoons, skunks, coyotes, foxes, and dogs will often leave claw marks. Cats, on the other hand, retract their claws when they walk or run. So, you won't usually find claw marks with bobcats, lynx, or house cats.
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Four toes on the front foot and five toes on the hind foot means it's a rodent (mice, voles, chipmunks, squirrels, woodchucks, muskrat, porcupine).
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If the track has five toes each on the front and back feet it's from a raccoon or a member of the weasel family (weasel, badger, mink, skunk, otter) or it's a bear, beaver, opossum.
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If you find a two-toe track, it's probably a deer. Moose and elk also leave two-toe tracks, but those animals are uncommon in Wisconsin.
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Is the track made by a "hopper?" Squirrels leave interesting tracks. As they bound along, their larger hind feet land ahead of their smaller front feet. It looks like the front feet are side by side. Rabbit tracks look a little different. The hind feet still land ahead of the front feet, but the front feet are not found right next to each other.
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What direction is your animal going? How can you tell? If your animal has claws it's pretty easy...claw marks point in the direction the animal was going. If there aren't any claw marks, see if you can see where the snow is pushed back by the animal's feet. The pushed back areas shows the direction the animal came from.
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Making Tracks

Using an animal track field guide, students will identify and compare mammal tracks placed at various stations around the nature center. Rubber replicas of scat and skulls (if available) of the mammals will be placed next to the appropriate track. After identifying the tracks, students will create a plaster cast for a track of their choosing.
Note: You may be able to obtain various animal feet or rubber replicas of feet and scat from your local wildlife agency or nature center, or scientific supply company. The feet or replicas (accurately cast from museum specimens to show every detail, including skin patterns and folds, claws, and other unique identifying characteristics) can then be used to make tracks and plaster casts.
Materials Needed: 

· Paper 

· Clipboards (optional)
· Ruler, one per student 
· Pencil, one per student
· Rubber molds of animal tracks to create plaster track 

· Rubber molds of animal scat, optional 
· Rubbermaid or aluminum trays, one per two students 

· Fine sand, 2” deep per tray 

· Plaster of Paris 

· Popsicle sticks 
· Scissors
· 11. 2-liter soda bottles, one per student (Variation A, could be used for “mixing container” for Variation B)
· Paper Clips (Variation B)

· Cardboard or Cardstock strips (Variation B)

1. Prior to the activity, at stations placed outside, or in such a way that all students can be supervised from a central point, use the rubber animal track to create tracks in sand or prepared (cleared and loosened) soil. The rubber tracks can also be pressed in to Model Magic or Sculpey Clay (and baked) to create a reusable track. Along with the animal track, place the rubber scat and skull associated with that track, if you have them. 

2. Set up the sand-filled trays and plaster cast materials for students to create animal track casts once they have identified the tracks at all the stations. 

3. Provided each student with a student data sheet, an animal track identification sheet and a ruler. 

4. Have students rotate to each station and record the animal track identification on their data sheet. Leave at least 20 minutes to complete the plaster cast activity. 

5. Have students make a plaster cast of an animal track that they have selected.  
Casting Procedures Version A:
a. Cut the top AND bottom out of a 2-liter plastic bottle. The top should be cut at the point where the bottle begins to narrow toward the opening. The bottom should be cut 3” from the bottom of the bottle. The remaining cylinder should be cut into 2”-wide bands. 

b. Carefully clean the track of twigs, leaves, and other litter (if naturally occurring) or press the rubber track into the prepared sand in the tray. Tracks make a better impression if the sand is prepared by wetting it with water from a spray bottle. Fingers should be used to gently turn the sand to ensure all the sand in the area of the track is moist. 

c. Press a circular band firmly into the ground or sand tray so that the track is surrounded by the plastic or cardstock. 

d. Mix about 1.5 cups of plaster in the “bowl” (which was the bottom of the bottle), adding water slowly until it is about as thick as heavy cream (it should flow smoothly off of the stir stick). This should be done at the site of the track as the plaster will begin setting quickly in the bowl. 

e. Pour the plaster carefully into the mold (as close to the track as possible to avoid obliterating the track) until the plaster is about one inch above the ground. Allow the plaster to harden at least fifteen minutes before lifting it out of the track. If soil is moist, hardening may take longer. 

f. Once the cast is hardened, lift it out of the track and remove the plastic band. Once the plaster has completely dried, the track can be carefully cleaned of soil or sand using a soft brush. 

g. The track cast can be preserved by applying a coat of spray enamel in two or three light coats, allowing each coat to dry thoroughly before adding the next. Two or three coats of acrylic spray can be added for additional protection, if the track is to be handled frequently. 
Casting Procedures Version B

Courtesy of http://www.bear-tracker.com/plastertracks.html. All Rights Reserved.
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What you need to make plaster casts: 
· Plaster of Paris (or dental stone), 
· mixing container, 
· water, 
· paper clip, 
· cardboard strips

You may not need the cardboard strip, although it is recommended to make a thick cast, especially when using plaster of Paris, which can break and needs the extra thickness to make a more sturdy cast. You can also add dry twigs, wire, or string to the plaster cast to reinforce it. If you use dental stone, you will not need to reinforce the cast as dental stone has a higher compressive strength than plaster of Paris. Less dental stone is needed to make a cast of the same size. Although dental stone seems more expensive, the fact that you use less per cast means it costs probably about the same as plaster.

1. Use your cardboard strip to build a wall around the track. Hold it in place with the paper clip. Be careful not to damage the track when you place this around it. Gently press the strip into the surrounding soil so the plaster will not run out from under it when poured.
 

2. Now mix the plaster. You should use about two parts plaster to one part water. For example, two cups of plaster mixed with one cup water. The consistency should be like that of pancake batter, or thick motor oil. It is recommended that you add the plaster to the water and begin mixing immediately. Plaster begins to set as soon as it comes in contact with water, so work quickly. If you use pre-measured quantities, add the plaster to the water all at one time, and begin stirring immediately, this will give you the best results. Stir it for 3 to 5 minutes and get rid of all the lumps.

[image: image32.wmf]4. Always tap the mixing container on the ground to remove any bubbles that may have accumulated in the mixture. This will give you a higher quality cast. You will see the bubbles rise to the surface.
 

5. Carefully pour the plaster into your pre-prepared mold. Do not pour the plaster directly into the track as this can damage it. Pour the plaster onto the ground next to the track and allow it to run into the track. Start with the finer details, such as claw marks, first. An alternative method is to pour the plaster onto a spatula or spoon held low over the print and let it run off into the track. The utensil takes the force of the falling plaster, rather than the fragile track. Make sure you fill in all details of the track with plaster. Pour it relatively thick to make a good strong cast. 
6. This is the time to add and reinforcing materials such as string, wire, or twigs. 
7. Once you have finished pouring, let the track set for at least 1/2 hour. Some types of plaster may take longer to set.
8. As the plaster dries, it will go from a glossy wet appearance to a dull matte appearance. It will give off heat as the chemical reaction takes place. After about 1/2 hour, you can gently touch the surface of the cast to see if it is dry or still soft. Do not press too hard as you could crack the cast. If it is dry, you can try tapping it gently with your knuckles. If it is firm and has a ceramic ring to it, then it is safe to pick up the cast. Pick it up by reaching underneath it and lifting it. Do not lift by prying under it with a stick. This could crack it. Try to lift it from opposite edges. If it is cast in mud, the mud may hold it firmly  and you may need to carefully dig out some of the mud or soil from beneath the cast before lifting it.
 

Your cast is finished.

Allow it to dry for several days before cleaning it or painting it. Never wrap plaster casts in plastic bags as this prevents the moisture from escaping. When you clean a plaster cast, do not scrub too hard with a brush as this will erode away the plaster and take the details of the track with it. Plaster is soft and will eventually dissolve if left immersed in water. The best way to clean casts is holding them under running water and gently rubbing excess dirt away. Do not rub over the details of the track itself, but rather the areas around it. Scrubbing on the details of the track may sand them off. There will be some dirt or sand remaining on the cast. This is normal. If you use dental stone, you can scrub the cast and not lose detail as it is a much stronger material.
Extensions: 
· Have students invent an animal and create the footprint. Can classmates identify the characteristics of the animal from the footprint?
· Use various animal feet or rubber replicas of feet to make tracks on a bulletin board poster and have students decorate it to look like the habitats you'd find each animal in. Make up a wildlife story and express it with the tracks on poster paper.
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Cryogenics: The Big Chill 
CREDIT: This activity was contributed by science writer Michael Dispezio. http://www.pbs.org/safarchive/4_class/45_pguides/pguide_704/4574_froze.html. All Rights Reserved.

[image: image34.wmf]
Pre-Knowledge: Students should have the prerequisite knowledge of the three states of matter; specifically the solid state of water.
As we’ve talked about, some organisms withstand frigid (freezing) temperatures by shutting down their energy needs and hibernating. In a "suspended state," their cells, tissues and organs require very little energy. The demands of such a "quasi-living" state can be satisfied by a very slow metabolic rate. Metabolism refers to the physical and chemical processes that make energy available to an organism. Metabolism is affected by temperature. The colder the temperature, the slower the reaction rate. When the rate of these life-sustaining reactions drops beneath a critical level, the organism will die. 

In this activity, students will observe the relationship between temperature and metabolism. The subjects for this experiment are Saccharomyces cerevisiae - one-celled organisms more commonly known as baker's yeast. These cells have been specially packed, treated and stabilized so they can remain in a "suspended" but viable state for several months. They’re hibernating. When placed in warm water, the cells activate. As the metabolism awakens, the cells generate carbon dioxide gas. By observing the presence of this gas, you'll be able to make inferences about metabolism. You'll see that both the yeast and the multicellular organisms we’re talking about can survive states of suspended animation, like hibernation, and low metabolic activity.

Materials (per group):

· 4 16-ounce clear beverage containers

· 8-inch to 10-inch balloons

· 2 packages of dry baker's yeast (or dried yeast in jars)

· warm water

· small basin filled with ice water

· small basin filled with warm water (about 40 degrees C)

· thermometer

· sugar

· spoon

· magnifying glass


Objective

Students will observe the relationship between temperature and metabolism. 

Procedure: 
Have students:
1. Open a package of baker's yeast and carefully remove several small granules. Examine the grains of pressed dried yeast with a hand lens. Does the yeast appear alive? Explain.

2. Divide the contents of this opened package into two equal portions (about 1 1/8 teaspoons each). Place one portion into a small, clean, dry beverage container labeled A and the other portion into a similar container labeled B.

3. Open and divide the contents of a second yeast package into two equal portions. Place one portion into a beverage container labeled C and the other portion into a container labeled D.

4. Do not activate the yeast in container A. The yeast in containers B, C and D should be activated according to the instructions printed on the yeast package, including adding about 1/2 teaspoon of sugar per container.

5. Stretch and secure a balloon over the mouth of each of the four containers.

6. Set containers A and B on a desktop. Place container C in a basin filled with warm water. Place container D in a basin filled with ice water.

7. Examine the setups after 15 minutes. Record any change in the balloons' appearance.

Notes: You can use dried yeast either in packets or in less expensive jars. The experiment will work even if amounts of yeast are not precise. You might want to try varying amounts of yeast to see what happens. Most instructions call for the use of sugar to activate the yeast; have students try variations of the instructions to see what happens. 
Warm-blooded hibernators:
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Mammals and birds are warm-blooded, which means that they can make their own body heat even when it is cold outside. Whether it is sunny and hot outside or there is a snowstorm and it is very cold, warm-blooded animals have body temperatures that usually stay the same. Warm-blooded creatures, like mammals and birds, try to keep the inside of their bodies at a constant temperature. They do this by generating their own heat when they are in a cooler environment, and by cooling themselves when they are in a hotter environment.
Sweaty Dog?
 Discussion: Ask students what they think animals do to lose heat when they are too hot. Come up with  examples as a group and individually. Ask them to think about specific animals such as birds, reptiles, horses, or dogs for example. What might be some challenges for sweating. Ex: Animals with a body covered by fur, what might be the challenge and why would they have a limited ability to sweat?  Discuss with students: Where do we lose heat from in our bodies? What parts should we make sure are covered in the winter to not lose heat and uncovered in the summer to make sure we do? Or covered to make sure we don’t get overheated. What would happen if we were covered in thick fur? What would students think if we had to release heat through our tongues or another method? What might be some other ways? Then have students write down their ideas. 
 Most animals lose heat through their skin by having blood close to the surface. [image: image36.wmf]Blood picks up heat throughout the body. Mammals have a problem with their hair insulating the skin so many have to use their breathing or mouth to get rid of excess heat for the most part. Humans use their skin, mouth and sweat glands to help rid of heat. So, to stay cool, warm-blooded animals sweat or pant to lose heat by water evaporation. They can also cool off by moving into a shaded area or by getting wet. Only mammals can sweat. Primates, such as humans, apes and monkey, have sweat glands all over their bodies. Dogs and cats have sweat glands only on their feet.  Whales are mammals who have no sweat glands, but then since they live in the water, they don't really need them. Large mammals can have difficulty cooling down if they get overheated. This is why elephants, for example, have large, thin ears which loose heat quickly. Mammals have hair, fur or blubber, and birds have feathers to help keep them warm. Many mammals have thick coats of fur which keep them warm in winter. They shed much of this fur in the summer to help them cool off and maintain their body temperature. Warm-blooded animals can also shiver to generate more heat when they get too cold. Some warm-blooded animals, especially birds, migrate from colder to warmer regions in the winter. To generate heat, warm-blooded animals convert the food that they eat into energy. They have to eat a lot of food, compared with cold-blooded animals, to maintain a constant body temperature. Only a small amount of the food that a warm-blooded animal eats is converted into body mass. The rest is used to fuel a constant body temperature. The following are examples of mammals. Can students think of more?

· Hedgehogs 

· Nighthawks 

· Poor-Wills 

· Dormouse 

· Prairie Dogs 

· Fat-tailed lemurs 

· Hamsters,

· Swifts,
· Marmots, 

· Groundhogs,

· Gophers/Ground Squirrels

· Woodchucks

Ways To Keep Warm
What is the best way to stay warm outside on a cold day?  Have students try these ideas and then decide which one works best! Go outside on a cold day and try each activity. Make sure they are wearing warm enough clothes to protect you from the cold, but you don't need to put on extra clothes to try to keep yourself even warmer than normal - just dress the way you would if you were going to go for a walk or to play outside.

1. [image: image37.wmf]Sit down on the grass and curl up in a ball - hug your knees to your chest and bury your head in your lap. Wrap your arms around your ears and tuck your hands under your knees. Sit there for a minute or two. Which parts of your body are the warmest in this position? Which parts are the coldest? Try doing it again sitting on concrete. Which place was warmer? How do you feel? Are you tired?

2. Find a spot facing the wind (so that the wind is blowing towards your face) and sit very still for as long as you can. How do you feel? Which parts of your body are the coldest?

3. Turn around so that you are facing away from the wind (so the wind is blowing on your back, not your face) and sit still again for as long as you can. Now how do you feel? Are you any warmer than when you were facing the wind?

4. Run around for a whole minute, then stop. Which parts of your body are the warmest? Which parts of your body are the coldest? How do you feel? Are you tired?

5. Find a place where you will be sheltered from the wind. It could be inside a playhouse or fort, in a group of trees, or behind a bush where most of the wind is blocked. Stand there for a minute or two and think about how you feel compared to the other places you have been. Does it wear you out? Do you feel warm or cold all over or are certain spots on your body colder than others?

6. With one or two brothers, sisters, or friends, huddle together standing up (kind of like a group hug!). Then sit down and huddle together on the grass like you did in the first activity. Do you feel colder or warmer than when you were by yourself? Do your friends' or siblings' bodies help keep your body warmer? What parts of your body feel the coldest?

What's Happening?

Discuss the following with students:

Which activities kept you the warmest? Which ones made you the coldest? Which ones used the most energy (made you most tired)? Which ones used the least energy (didn't require you to do anything or didn't make you tired)?

When you sit very still and don't move much, it is harder for your body to keep its natural heat. When you run around or move your muscles, it helps your blood flow through your veins better and keeps you warmer for longer. However, running around or using up a lot of energy will also make you tired faster. Wind also makes you get colder faster because it blows the warm air that is around your body away from you. If you are huddled up you will be warmer than if you are just sitting or standing, because more of your body heat is kept close to you for a longer time (the wind can't blow it away as fast). Now that you know a little bit about body heat, wind, and energy and how they work to keep you warm or make you cold, can you think of the best way for animals to keep warm during the winter? Where should they go to sleep? Should they group together? 
Bats!
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Use the following questions to spark discussion on prior knowledge about bats: 

· How are bats usually portrayed in movies?

· What characteristics and traits do we attribute to bats?

· Have students ever seen bats?

· What are the bats like that we see?

· Are bats considered friendly animals or scary animals?

· Do we see bats in the winter?

What do you think Bats eat? Have a discussion about their food source and what happens to it in the winter and how bats help us. Some bats are hibernators. In the fall large flocks of Big Brown Bats find shelter for the winter. Because insects are not available as food during winter, temperate-zone bats survive by either migrating to warmer regions where insects are available, or by hibernating. When hibernating the bats hang upside down and pull their wings and tails close to their bodies to keep warm while lowering their heart rates from about 1,000 beats per minute to four beats a minute during hibernation. Their body temperature drops and they seem to be dead. Bats hibernate from October to April, waking up once a month. Bats like warm buildings to hibernate in, but they aren’t picky, they may hibernate in a barn, an attic or on a tree under some bark. Or they may move into a cave to hibernate.  They have lots of options as they are able squeeze through a hole the size of a thumb. 
[image: image39.png]A

Location of brown fat on the back and
shoulders of a bat.





Building the Bat Cave 

Establish a Bat Cave Hibernaculum to help make students aware of why a cave is a good home for sleeping bats.
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Gather large appliance boxes or small boxes to mimic a small area that a bat might use as a hibernaculum. Have students construct a cave-like shelter. Since bats roosts in caves and large roosts, have students bring in paper tubes from toilet tissue  or use other materials (like a bat template) to create hanging, sleeping bats. Hang paper bats from the ceiling of the cave in pairs. Invite students into the bat cave in small groups to explore a safe bat environment. Discover and discuss why a cave is a safe environment from predators.
Bat Templates
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Dreaming Dangerously
Hibernation allows the bats to survive brutal (harsh) winters, but it has also put them in great danger. During hibernation a bat's metabolism (how much energy the body uses to function) slows way down, allowing it to live on its energy reserves through the winter until the flying insects it dines on, mostly mosquitoes and moths, come into season again.
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Unlike the woodchuck, which seems to go into some kind of coma (deeply unconscious) when it hibernates and can't be roused, bats will and do come out of hibernation when disturbed during the winter, typically waking up for short periods every two weeks or so to find something to drink and eat if possible, defecate (poop) and go back to sleep.. But the disturbance can be as minor as a person entering the cave where they are hibernating.

Waking out of hibernation causes the bats to burn up days and days worth of energy.
Why would they burn up so much energy so quickly? 
If they pick up and move to another site, which they often do when disturbed, they use even more energy. These mid-hibernation wake-ups are costly as the bat warms up its body and turns on other body processes like its immune system. That means the wake-up could use up critical energy in the form of fat reserves, causing the bats to starve.
Waking up from hibernation requires a great amount of energy. To become active again, the bat must raise its body temperature from 40 degrees to 100 degrees in a short period of time! The energy needed to raise the body temperature comes from a tissue called brown fat. Animals that hibernate also put on a special kind of fat, called brown fat. This special fat is found across the back and shoulders of hibernating animals, close to an animal's organs (brain, liver). In a brown bat patches of brown fat are most noticeable around the shoulders and back, where it can quickly send heat energy to vital organs –  the brain, heart and lungs. Brown fat delivers quick energy whenever it is needed. Brown fat sends a burst of energy to the brain first.  The brain can then send messages to the rest of the body to wake up. Next, brown fat sends energy to the heart and lungs to increase heart rate and respiration. The anterior parts of an animal (the head and front legs) wake up from hibernation first and may be 15 degrees warmer than the back legs. Only after the head and front legs warm up do the back legs get a burst of energy and awaken. Within 30 minutes a Big Brown Bat is fully warmed and capable of normal activity! Phew, that took a lot of energy.
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 A bat that is disturbed as few as two or three times in a single winter can burn up all its energy reserves and die. Most people who disturb bats while they are hibernating do it accidently. Cave explorers, hikers and teenagers looking for an adult-free place to party are usually not aware that their activities can be fatal to the bats they stumble upon.
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Helping Bats Hang On! Descent into darkness
Bats are also in danger for another reason. White Nose Syndrome. The syndrome hit in 2005-2006, but no one knew. biologists stumbled upon caves holding thousands of dead and dying bats. Affected animals tended to host a characteristic white dusting of fungus, and covered in threadlike [image: image46.jpg]


growths. What is a fungus? Have a discussion with students establishing what they know about a fungus. What do you think of when you hear the word fungus? Do you think of mushrooms? Fungi are not plants or animals. A mushroom is one type of fungus, but fungus also refers to a type of germ that lives on all of us. This germ is harmless most of the time, but sometimes it can cause a problem called a fungal infection (say: fung-gul in-fek-shun.)  Fungi (that's what we call more than one fungus) are a lot like really tiny living plants. They grow in lots of places such as in dirt and on food. They can also grow on the skin, in the hair and even in the nails of almost all living creatures. Sounds a bit yucky doesn't it? Mushrooms and toadstools are fungi too, but they are very different to the ones that grow on the skin. Fungi can come in lots of different shapes and colours - have you seen the green or brown fungi that grow on very old bread?.

Many fungi are really helpful to us. Without their help we would not have cheese or medicines like penicillin, which has saved millions of lives. Some of them, however, are bad guys, such as the ones that make food go bad and, of course, the ones that give us fungal diseases. 
[image: image47.jpg]


White nose syndrome is one of those bad ones.  It's killed over a million bats in the Eastern United States since 2006.  The syndrome has wiped out nearly all of the bats in every caves it hits. One biologist names it, “the most devastating wildlife disease in recorded history.” Bats living where the weather gets cold either migrate or wait the winter out by hibernating in underground caverns and mines, often at temperatures within 1 to 10 degrees Celsius of freezing. As body temperatures plummet and immune systems take a winter break, these animals congregate in closely packed masses of hundreds or thousands. And it’s in these chilly chambers that the cold-loving G. destructans finds its hosts. In February 2006, bats in a hibernaculum near Albany, New York were found with a crust of white fungus on their face and wings. First discovered in New York State, White-Nose Syndrome is spreading rapidly across eastern North America and currently affects seven bat species. It gets its name from the white fungus that grows on the nose, wings and ears of bats, and the infection makes bats unusually restless over winter, when they should be hibernating.
The disease is likely caused by a cold-loving fungus that strikes bats during winter hibernation, when their lower body temperature allows it to take hold. It's called white nose syndrome because it smudges the bats' faces and wings with white.

Similar fungi (think athlete's foot), annoy, but don't kill. Scientists suspect this particular fungus annoys the bats so much that it disrupts their hibernation:  G. destructans  initially  (first) starts multiplying on the skin of wings, then shoots the body of the fungus — out in all directions. Basically the fungus is eating the bats living skin. As it eats, instead of creating open, oozing sores, the fungi fill in behind the eroding skin. What’s left is a shell of a wing with fungal cells increasingly substituting for bat cells.

They wake up to scratch and groom it away, using up their fat reserves and starving to death before food becomes available in spring and 73 percent of animals, on average, in a hibernating colony, die from the disease annually. And the death rate is rising, last year, mortality of affected bats at these sites has been 90 – 97%, but it is not known how many, if any, survivors made it through the summer. The disease’s toll now exceeds well over 1 million bats. 
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Mapping the Malevolent Movement 

With the students create a class Bat Map for your bulletin board to show the spread of white nose syndrome. Invite students to create bat pins for the map using pushpins and figures of the different species of affected bats and resistant species made from construction paper. Glue the figures to the top of the pushpins. Using bat reference materials, have students use bat pins to mark locations of affected and resistant bats found in the United States. When map is complete, guide students to recognize that bats are found in almost all areas in the Unites States and that the disease is spreading rapidly. The map can also be used to trace bat migration to show where the fungus might spread. An example might be the Mexican free-tailed bat, which spends its time in the Southwestern United States. When the weather is cold they travel south to central Mexico. When spring arrives, the bats head north again. Have students compare both regions, Eastern and Western United States, drawing pictures of each and describing them.

Create a bar graph to illustrate the declining numbers in certain bat populations. The most current information can be accessed from reference materials.
Cause for Concern

One of the reasons scientists are concerned about White Nose Syndrome is because bats are important to many ecosystems. A single bat can eat its own weight in insects each night. This is roughly like a 75-pound kid eating 300 quarter-pound hamburgers each day!
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Worldwide, bats help keep ecosystems (areas of interacting animals and plants. Ecosystems vary in size. They can be as small as a puddle or as large as the Earth itself. Any group of living and nonliving things interacting with each other can be considered as an ecosystem) healthy by reducing insect populations, including eating those bugs that damage garden and agricultural crops, forest trees, and sometimes even transmit diseases to humans. Bats are a key part of any ecosystem they inhabit. They eat bugs, literally tons of them. Bat Conservation International once calculated that one colony of about 20 million bats near its home city of Austin, Texas, ate 250 tons of insects a night, or 500,000lbs. That’s nearly the size of 35 adult elephants, or 250 small cars. Estimates of bats’ annual pest-control benefits to agriculture in the US alone are up to $53 billion a year.
In the East, wildlife managers have been powerless to stop the fungus, which is thought to spread when bats rub against each other during hibernation, in maternity colonies and while mating. But humans may play a role in moving it from region to region and even from continent to continent. White nose syndrome wasn’t found in the U.S. before 2006, but bats with a similar white fuzz on their faces and wings had been seen for decades in Europe, where the syndrome doesn’t seem to kill bats and it is a slightly different fungus. Scientists think that humans may have brought the European fungus to the United States where it moved (mutated). It's not just human travelers who might carry white nose syndrome from East to West; there are three bat species whose ranges span the continent. Back East, these bats mingle with others of their kind from hundreds of miles away. If Western bats behave like their Eastern cousins, it may give white nose syndrome a path to the West. The advance of WNS across North America in some ways parallels the spread of chytridiomycosis, the frequently lethal fungal disease affecting amphibians.

As with chytrid, some species of bat appear immune, or at least resistant. In North America, these include the gray bat, which lives in TN,  and the spectacular Virginia big-eared bat.
Land managers and wildlife biologists are divided on whether white nose syndrome will move to the West. Some believe it is inevitable, and that the threat to Western bats has grown since mid-April, when white nose syndrome was confirmed for the first time west of the Mississippi River, in a cave in eastern Missouri.
Scientists are still trying to find solutions to the problem of White-Nose Syndrome, but recognizing and talking about the importance of protecting and conserving bat populations is one way kids can help. Another way to help is to build and install bat houses in your back yard or as school projects. Bats that survive White-Nose Syndrome may need smaller spaces to raise their babies in the summer. Scientists are trying to find out whether smaller bat houses will help bats that may be resistant the disease survive and reproduce to keep the species from going extinct. White nose syndrome is still an distant idea to most people, even those who care about the West's bats, but for bats, the threat is all too real. If humans are part of it, then we have to do everything possible. If it is spread by bats, then all we can do is wait and hope.
Ask students to draw conclusions about what can be done within community to further reduce the spread of fungus and disease to bats.
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Spreading the Syndrome 
Students perform a sequence of six short simulations to model how an infectious disease  or fungus can spread through an animal population.
Materials:
· sheets of self-adhesive stickers (1-cm diameter) in two colors

· stopwatch or timer
Students will be able to:

· graphically represent data created in a classroom simulation.

· describe how a disease can spread rapidly among a population.

· explain how preventive measures help defend against infection.
Ground rules for the simulation of how a disease spreads through a population:

· In each round, move slowly, quietly, and calmly around the room.

· If someone puts a sticker on your arm or hand, make sure it stays in place.

· Don't actively avoid or seek out the virus carrier.

1. Discuss how disease spreads among animals. Ask students the following:

· How can viruses and diseases move from animal to animal? Make a list of their ideas on the board. (Viruses and fungus can be transmitted by contact [e.g., blood, body fluids, and contaminated surfaces], aerosols [e.g., droplets from coughing and sneezing], and ingestion [e.g., food or water].)
· What are or might be some ways of preventing funguses from infecting a animal? 

· Relate it to them: What shots have you had and for which diseases? (Answers could include: hepatitis B, meningitis, measles, mumps, rubella, chicken pox; diphtheria, tetanus, whooping cough [pertussis], polio, human papillomavirus [HPV], and flu)
· Do your pets get vaccines?
2. Prepare for the activity and establish the ground rules. On the board, draw a data table similar to the one in the activity handout. Explain that students will play six one-minute rounds and collect data after each one. You will be the official timekeeper and data recorder. Choose a student (or request a volunteer) to be the fungus carrier. Tell the class that they will be circulating around the room. At some point, you will give a signal, and the fungus carrier will move quickly around the room and stick a sticker on the arm or hand of random students. Students should not avoid the fungus carrier or actively seek him or her out.

3. To begin Round 1, give the fungus carrier at least one same-colored sticker for everyone in the class. Have the class begin to circulate slowly and quietly around the room. Start the timer and tell the virus carrier to begin applying stickers to the arm or hand of as many students as possible. After 60 seconds, say "Stop," and have everyone stand still. Ask any student with a sticker to raise his or her hand. (Any students with multiple stickers are just counted once.) Tally and record the number of individuals tagged and then have them remove their stickers. (If the class has over 25 students, use two fungus carriers to ensure that sufficient numbers of students get tagged in 60 seconds.)

4. Play Round 2. In this round, the fungus carrier will carry three sheets of stickers of the same color as those in Round 1. The first three classmates he or she tags will get one of these sheets. Each of them will, in turn, sticker as many classmates as possible within the one-minute time. After 60 seconds, tally and record the number of individuals tagged.

5. Post the data from both rounds. Have the class enter them into a table. Have students sketch lines on the s axes to generally represent their sense of how the number of infected people would change over time. (In Round 1, the fungus carrier infects one person at a time, and the overall number of infected people grows arithmetically [i.e., 1, 2, 3, 4, 5]. In contrast, the multiple fungus carriers in Round 2 infect the class more quickly, and the overall number of infected animals grows geometrically [i.e., 1, 2, 4, 8, 16].)
[image: image8.png]Round 1 Round 2

Number Number
of people of people
Infected Infected

Time Time




6. Process Rounds 1 and 2 by asking the following questions:

· What were some of the differences between Rounds 1 and 2? (In Round 2, there were more carriers transmitting the fungus and more students became infected.)
· Ask which round more closely represents a real-life epidemic and why. (Both rounds resemble real-life epidemics. In their early stages, all epidemics start with one person or animal infecting another. Soon, however, there is a critical mass of infectious animals, and the transmission pattern shifts to resemble the one in Round 2.)
7. The next four rounds explore how a preventive measure (inoculation) affects how quickly a fungus spreads through a population. Tell students that, once inoculated, they must keep their inoculation stickers for all remaining rounds in order to stay protected. Give 20 percent of the class an inoculation sticker and have them put it on their right shoulder. The stickers should be a different color from the infection stickers.
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Tell students that Round 3 is essentially a rerun of Round 2 (i.e., multiple carriers), except that some students will be inoculated. Run Round 3 for 60 seconds. Tally the number of inoculation stickers and how many students became infected, and record these data in the data table in Step 5 on the handout. (If an inoculated student gets an infection sticker, don't count it as an infection. In real life, even inoculated people get the virus, but their immune systems are able to prevent infection.)
· Round 4 is a repeat of Round 3, except that 40 percent of the class gets inoculated. Distribute inoculation stickers to an additional 20 percent of the class. Conduct Round 4, and then tally and record the total number of inoculation and infection stickers.

· Round 5 is a repeat of Round 4, except that 60 percent of the class gets inoculated. Distribute inoculation stickers to an additional 20 percent of the class. Conduct Round 5, and then tally and record the total number of inoculation and infection stickers.

· Round 6 is a repeat of Round 5, except that 80 percent of the class gets inoculated. Distribute inoculation stickers to an additional 20 percent of the class. Conduct Round 6, and then tally and record the total number of inoculation and infection stickers.

· Have students make a bar graph of the class data. Note that Round 2 serves as the control because no students were inoculated. The graph should similar to the one below:
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8. Divide the class into small groups, and have them discuss the questions below. Ask students to summarize the main points discussed in Step 6. Conclude the activity by discussing each question as a class. Record the key points on the board.

9. As an extension, have groups consider the following scenario and develop a set of recommendations. Have each group present its proposal to the class.

You are the Chief Medical/Health officer for a city or a state park and you are trying to keep healthcare costs down to meet a fixed budget. Describe how would you allocate money to manage a new animal epidemic. Show how you would appropriate the money (e.g., allocate 50 percent to immunize, 25 percent for quarantine, 10 percent for education, and 15 [image: image53.png]


percent for early aggressive treatment of ill animals) and explain your allocations.
1. Which of the game rounds more realistically represents an epidemic? Explain. Round 2 more accurately represents what is meant by an epidemic, in which large numbers of people get infected within a short time frame.
2. How do different levels of inoculation affect how a fungus spreads through a population? Inoculating a small percentage of the population leaves a large number of potential hosts for the virus, and the infection spreads quickly. However, a critical threshold is reached when enough people/animals are vaccinated—somewhere between 60 and 80 percent. At this point, the fungus encounters vulnerable animals/people so infrequently that a rapid spread through the population is prevented.
3. How could you change the game to make it more realistic? The game has several shortcomings. One is that, in real life, certain infected individuals are more able to infect others. For example, a mother animal living in a large colony can infect more animals than an animal living in a small colony or alone. Another shortcoming is that in an everyday setting, there is a lag time between infections. Students can mimic a lag time by having "infected" class members count to ten before "infecting" another person. They could also use a lag time to represent the use of preventive measures.
4. List any methods that might help prevent an epidemic from spreading. Careful quarantining of animals who are ill and those who have come in contact with them; inoculations, if available.
5. How do inoculations compare to other preventive measures when it comes to reducing infections? Inoculations stimulate the immune system to recognize and destroy an infectious microbe. In this way, inoculations prevent animals from getting infected when they are exposed to the fungus. However, keeping animals healthy requires conscientious and repeated behavior to be effective. Even so, animals always run a risk of infection when exposed to a fungus or disease..
6. This activity represents one kind of model used in science teaching—a simulation of how a fungus spreads. List some other examples of models used in science. Why do people use models? Models play an important role in helping people understand systems, abstract ideas, and processes that are difficult to experience directly. There are mathematical models, such as formulas and computer programs, and physical models, such as DNA, the atom, the solar system, plate tectonics, and the cell. Simulations like today's activity are also models. Models contain underlying assumptions. For example, this activity assumes that each person touched by a fungus carrier gets infected. A question to discuss is what fungus load is needed to create an actual infection and how inoculation or natural immunity protects an animal. Another assumption was that there was no lag time in infection—as soon as a participant got a sticker he or she could pass an infection to someone else. No diseases or funguses are usually that virulent—they need time to multiply and be transmitted to another host.
Black Bears

Related Videos: 
· http://animal.discovery.com/videos/natural-world-bear-hibernation.html
· http://www.youtube.com/watch?v=TpY4frpheWw
Excellent short BBC Nature clip  [3:49] on hibernating black bears: 
· http://www.bbc.co.uk/nature/adaptations/Hibernation#p00ffnbp
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On long, dark, cold winter days, you might feel like curling up to sleep for the next few months like a bear. But that's easier said than done. It won't be long before you get hungry, your heart gets tired, your muscles start to atrophy—and nature starts to call. If you were really a bear, however, none of these problems would affect you in the le ast.  unlike ground squirrels and other small hibernators, whose body temperature drops almost to freezing during hibernation, bears' body temperature drops by only about 6°C. Slumbering black bears hold secrets that may benefit everything from organ preservation (keeping organ transplants healthy until they can be used) to human hibernation.
One of the most celebrated hibernators is the American black bear (Ursus americanus). With a population double that of all other bear species combined, the American black bear is by far the most common member of the bear family (Ursidae) and are North America's most familiar and common bears. They typically live in forests and are excellent tree climbers, but are also found in mountains and swamps. Despite their name, black bears can be blue-gray or blue-black, brown, cinnamon, or even (very rarely) white. 
Bear hibernate during the winter and fall for seven months they don't eat, feed, or pass waste. Shorter days trigger hormones that act like sleeping pills, making the bears drowsy. While hibernating it can go for as long as 100 days without eating, drinking, urinating, defecating, or exercising. Biologists have said for a long time that hibernating black bears may have something to teach us, and they are now studying the animals with an eye to helping humans with everything from organ preservation (keeping donated organs healthy until they can be used)  to kidney disorders, from human hibernation to long-distance space travel. 
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With this in mind, it's worth taking a closer look at the black bear and its stunning physical abilities. How can it survive for so long without drinking? Why doesn't hunger force it to wake up and seek a meal in midwinter? What triggers it to enter and leave its den?
Black Bear Field Report: “In My Expert Opinion…”
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Discuss with Students: Let's form our own ideas. Have students get in groups and write their explanation to the following questions, and others, as if they are scientists that have been studying black bears, living with bears, etc. Their answers can be as logical or as illogical and/or humorous as they wish, they just have to be able to defend it based on what they know.
· How can it survive for so long without drinking?
·  Why doesn't hunger force it to wake up and seek a meal in midwinter? 
· What triggers it to enter and leave its den?
· How does it stay warm in the freezing weather?

If students struggle it is always good to model the development of thinking skills but be sure to allow the students to have a place or space to say what they think and allow the students to express their opinion, in an appropriate and respectful manner to the group, in response to the questions. With a larger group ask for volunteers to read, and defend, their answers. This is a good opportunity to work on the skills of having a debate. 
It’s all About the Bear

One of nine species of bear in the world, the American black bear is found throughout North America, from the frozen tundra (plains) of Alaska to the hot bayous (swamps) of Louisiana. Unlike some other bears, it is thriving (doing very well) as a species, with an estimated 600,000 individuals roaming the North American continent. Its sheer numbers have forced it into ever closer contact with people, with black bears regularly seen these days around human houses.
Such contact can prove fatal for bears, whose hunger and curiosity have earned them a reputation for aggressiveness. Most of the time what humans see as a bear being aggressive, is just them being curious. 

Yet after millions of years of coping with predators—from now-extinct saber-toothed cats during the ice ages to gun carrying hunters today—the black bear is a shy creature that will generally turn and wander away when someone gets too close. Indeed, according to data from the National Center for Health Statistics, for every person killed by a black bear in North America, 60 are killed by pet dogs, 180 by bees, and 350 by lightning.
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The heaviest weight recorded for wild black bears is 902 pounds (for a male) and 520 pounds (for a female). Those weights were measured at peak fall weight, however, and most black bears, especially after winter, weigh less than half that much. While they may look slow at their fattest in the late fall, they can sprint up to 30 miles an hour when they have to and can climb trees quite easily. Under ideal conditions, black bears can live more than 30 years, though they usually die far younger, mostly from encounters with people. 

Getting Ready to Hibernate
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Preparations for over-wintering begin in the summer, when bears begin gorging (eating as much as they can). Although they are often portrayed as ferocious carnivores, bears are omnivores, which means they eat both meat and plants. They'll eat an amazing variety of food like carbohydrate-rich berries, greens, nuts like hazelnuts and acorns, carrion (dead meat), fish, insects and small mammals, water/aquatic plants such as lilies, Elk & Moose calves, Deer fawns, Ground squirrels & other small rodents, ants, wasps, bees (adults & larvae), and other foods to put on weight. During this period, they can gain as much as 30 pounds per week.
It All Adds Up!

Think of calories as fuel, the energy your and an animal’s body requires to do all that you do, whether it's making your bed, training for a marathon, or simply taking a breath. The amount of calories you need varies widely, depending on your activity level, health, body size, sex, age, metabolism, and other factors.

The following recommended calorie ranges are geared to average-size adults about 40 years of age, which means women who are 5 feet 3 inches tall and men who are 5 feet 10 inches tall. Women: Recommended Calories: 1,600-1,800 per day Women who are active -- participating in regular aerobic classes, jogging, swimming, or cycling daily -- can eat as many as 2,200 calories a day and still maintain the same weight.
Men: Recommended Calories: 2,000-2,200 per day

The amount of calories it takes to maintain your weight depends a great deal on how active you are. Men who exercise daily can eat as many as 2,600 calories a day; an athlete in training can nosh on as many as 3,000 calories.

Discuss: A single pound of fat amounts to 3,500 calories, work with students to calculate how many extra calories are bears eating each week to gain 30 lbs a week. Then have students calculate how many calories and pounds does that add up to during the summer?
How many more calories do bears eat than humans every day?  How many calories are they burning every day while hibernating to lose all that weight? Remember, losing one pound requires shedding about 3,500 calories.

Nutty!
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Bears love nuts! A good patch of hazelnuts can draw bears from long distances.  On July 30, 1991, researchers watched Terri, a 6-year-old female with cubs, put her nose into the southeast wind and lead her cubs out of their territory on a 3-day, 41-mile trek to the best hazelnut patch the researchers ever saw.  Hazel bushes loaded with nuts extended over 6 miles. A bear can eat over 4,000 nuts in one day! (about 12 pounds). Remember, in order to eat them, they have to bite the husk to split it and make the nut pop free into their mouths.  Then they give each nut one or two chews with their broad, flat molars (back teeth) before swallowing it. With their sensitive lips bears can tell in an instant whether a nut is good or empty. 
In the wild black bears usually eat between 20-40 pounds of food each day. Black bears with unlimited food and water [in captivity] ate 15,000 to 20,000 kcal per day and drank several gallons. (In adult humans the average production is about 1 – 2 L per day). Large amounts of water are needed to process the large amounts of food and rid the body of waste. Daily urine volumes for two bears were 2-4 gallons (8-16 liters) each.
An adult human eats about 2,000 calories a day. Olympic athletes like swimmer Michael Phelps eat about 10,000 calories a day. What’s the difference? Why do students think an athlete that trains and works out three times a day, often for a total of six hours, and swims 45 miles a week needs more calories? How many calories do students think the average person needs? The following are averages according to the US Department of Health and Human Services, in the Dietary Guidelines for Americans inside of My Pyramid published by USDA, they recommended the follow number of calories per day that you should eat:

For a person who practices 30 minutes or less of moderate physical activity, the number of calories that they should eat 

· Children--------2-3 years old 1000 calories

· Children--------4-8 years old 1200-1400 calories

· Girls-------------9-13 years old 1600 calories

· Boys------------9-13 years old 1800 calories

· Girls------------14-18 years old 1800 calories

· Boys-----------14-18 years old 2200 calories

· Females-------19-30 years old 2000 calories

· Males----------19-30 years old 2400 calories

· Females-------31-50 years old 1800 calories

· Males----------31-50 years old 2200 calories

· Females-------51+ years old 1600 calories

· Males----------51+ years old 2000 calories

For a person who practices 30 minutes to at least 60 minutes or more of moderate physical activity, the number of calories that they should eat:

· Children--------2-3 years old 1000-1400 calories

· Children--------4-8 years old 1400-1800 calories

· Girls-------------9-13 years old 1600-2200 calories

· Boys-------------9-13 years old 1800-2600 calories

· Girls------------14-18 years old 2000-2400 calories

· Boys------------14-18 years old 2400-3200 calories

· Females-------19-30 years old 2000-2400 calories

· Males----------19-30 years old 2600-3000 calories

· Females-------31-50 years old 2000-2200 calories

· Males----------31-50 years old 2400-3000 calories

· Females-------50+ years old 1800-2200 calories

· Males----------50+ years old 2200-2800 calories
In early autumn, a bear (and its cubs, if any) will rake leaves, twigs, and other plant materials into the den to form a nest. Throughout the fall its activity level steadily drops until it ends completely when the bear enters its den. 
Bears make dens in burrows, caves, hollowed-out trees, rock crevices, brush piles, or other sheltered spots—sometimes even in tree holes high above the ground. Dens of the bears typically feature entrances just large enough for a bear to squeeze through; interior chambers measure two-and-a-half to five feet wide and two to three feet high. Have students measure out this space. Would they like their whole home to be this size?
Light Sleepers

Black bears keep their heads and torsos warm enough that they can wake if disturbed, though some may take awhile to do so. Heat loss is especially great from the eyeballs, nose, and forehead. This helps explain why bears tuck those parts under the chest when they curl up on their stomach in the hibernating position. The main area exposed is the thickly furred back. Discuss with students: Where do we lose heat from in our bodies? What parts should we make sure are covered in the winter to not lose heat?) [For a video with thermal imaging of hibernating black bear and American black bears entering and leaving dens, thermal imaging of hibernation heat loss patterns go to http://www.arkive.org/american-black-bear/ursus-americanus/video-10.html] In a [image: image61.jpg]


1981 article in Natural History, Rogers told of the time he accidentally fell onto a six-year-old female in her den. Even though her cub bawled, she didn't wake up for at least eight minutes. On the other hand, some individuals can revive very quickly. Rogers again:
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On January 8, 1972, I tried to hear the heartbeat of a soundly sleeping five-year-old female by pressing my ear against her chest. I could hear nothing. Either the heart was beating so weakly that I could not hear it, or it was beating so slowly I didn't recognize it. After about two minutes, though, I suddenly heard a strong, rapid heartbeat. The bear was waking up. Within a few seconds she lifted her head as I tried to squeeze backward through the den entrance. Outside, I could still hear the heartbeat, which I timed (after checking to make sure it wasn't my own) at approximately 175 beats per minute.
Over-wintering black bears do other extraordinary things—things that might someday benefit humans. For starters, snoozing bears are able to gain all the sustenance they need entirely from within their own bodies. Fat tissues break down and supply water and up to 4,000 calories a day; muscle and organ tissues break down and supply protein.

Our bodies do the same thing when we're starving—with one key difference: Our bodies can't restore muscle and organ tissue, which those of hibernating bears can. Bears' bodies are somehow able to take urea—a chief component of urine that is produced during tissue breakdown and that, if left to build up, becomes toxic—and use the nitrogen in it to build new protein, which is what is used to help build bones and muscles.
Even though a hibernating bear drinks no water, it does not become dehydrated, their bodies maintain an almost perfect water balance even though they swallow not a single drop of water for months! If we learn how, doctors could help treat people suffering from chronic kidney failure.

Hibernating bears also have what would seem to be dangerously high cholesterol levels. Cholesterol is a waxy substance made by the liver and also acquired through diet. It is found in the blood and in all cells in the body. Cholesterol in small quantities is necessary for the body to function properly but in a human having high cholesterol means that you might have a heart attack, a stroke, or heart disease, which can kill you. Because they live off their own fat, their cholesterol levels are more than twice what they are in summer (and more than two times higher than those of most people). But bears don’t have any signs of hardening of the arteries or the formation of cholesterol gallstones, like humans do when they have too much cholesterol. Lucky bears! Why  does that matter to us? Research has shown that hibernating bears make a kind of bile acid that, when given to people, dissolves gallstones completely, and that means the need for surgery is gone too.
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Now, think of how you feel when you’re cramped or have to sit in a chair all day? When you stand up how do you feel? Creaky, achy, stiff? Despite being cooped up in a space about the size of a doghouse, hibernating black bears also appear to avoid muscle cramping and degenerative bone loss. If we sat still in the same place for a long time, our muscles and bones would get weaker and weaker, bears bones and muscles stay as strong and healthy as ever. How they accomplish this is a mystery humans haven’t been able to solve yet. Discussion: Ask anyone if they have ever broken a bone and got a cast. Have them explain what it felt like to try and use their body part again. Usually since they hadn't moved it they also forgot how to use it and had to learn how to use it again.)
Mothers in Waiting… 
Another mystery goes by the name "delayed implantation." And it is one of nature's great unsolved mysteries--fertilized eggs can essentially go on hold for periods of time before starting to grow and develop. Called delayed implantation, or embryonic diapauses (another form of hibernation) a female will carry a fertilized egg in her womb for many months. The egg is ready to attach itself to the uterine wall and begin developing into a fetus (baby bear). They free-float in the uterus until the female is physiologically "convinced" she is ready for them to develop, and her body gives some unknown signal. This adaptation allows bears to time the birth of their cubs, so they're not born too early or too late. It also gives the mother a way out if food is scarce. Getting fat is the most important preparation for birth for a mother bear.  Females that don't become fat enough by fall cannot maintain their pregnancies.  If she has not accumulated enough fat by the time she settles into her den to hibernate, the egg will spontaneously abort and never develop. 
And black bears aren’t the only ones who have delayed implantation, there are over 100 species of mammals with varying cycles of delayed pregnancies--some by a few days and others by more than a year--include weasels, seals, otters, bats, armadillos, kangaroos, nutrias and red pandas.
Some biologists see this neat trick as a natural mechanism to control population, others believe it could eventually help researchers understand the workings of cancer in humans [In delayed implantation, something naturally shuts off cell division. Since cancer cells are characterized by really rapid cell division, understanding the mechanisms that keep cell division from happening could be a huge help in fighting cancer, but hat sort of research is a long way off. 

Taking it a step further: As for the application of the process itself to people--what do students think of humans learning methods to shut down and then start up our own developing embryos?

Sleepy Mama…Growing Up While Mother Sleeps
The full moon in January is sometimes  called the ‘bear moon'.  Black bear cubs are 
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generally born in January. In January, a pregnant black bear wakes up long enough to give birth in the den to two or three, or more, blind, helpless cubs, they are born with very little fur, they don't even weigh a pound each, and they can barely crawl. She then goes back to a light sleep, only rousing herself every now and then to lick the cubs and otherwise tend to them. The cubs, meanwhile, do not hibernate but lay awake and nurse from their mother, the mother bear keeps the cubs beneath her to help them maintain body temperature. She keeps her head tucked under her chest, so her warm breath blows on the tiny black bear cubs. Her legs keep the cubs safely enclosed and safely warmed by her thinly furred belly. At some unknown cue, mom and cubs, which are now about three months old and weigh four to eight pounds, leave the den in search of food, the mother as a much smaller bear than she began. [The cubs will stay with their very protective mother for about two years.]

 Weight loss is extreme among those leaving the nest, or hibernaculum. Between early fall and late spring, male black bears will typically drop between 15 and 30 percent of their body weight, while lactating (nursing) mothers can lose up to 40 percent or more, nearly half! That would be like a human mother who weighed 175lbs, going to sleep, losing 70lbs and ending up at only 105 lbs. And it doesn’t come back fast, this weight loss continues in the spring because food is scarce. When the summer berry season arrives, they finally begin gaining weight again. Despite this huge weight loss, over 99 percent of black bears survive the winter. Most that do die do so because their den floods or predators find them and not from starvation. A hibernating bear has all it needs within itself. 
Want to Hibernate?

Evidence is growing that hormone-like substances in hibernating bears may control all these amazing things that happen during bear hibernation. When injected into other species, both those that hibernate and those that don't, these substances make hibernation-like effects in those animals. Even humans? What do students think of human hibernation? Crazy idea or a good one?
Human hibernation may not be as crazy an idea as it sounds. In December 2000, Gerhard Heldmaier, a professor at the University of Marburg in Germany and chairman of the International Hibernation Society, announced the discovery of two genes that are thought to trigger hibernation. These genes direct enzymes (proteins that give directions to different parts of the body) to burn fat rather than carbohydrates, thereby equipping the body for hibernation. "There is no real reason," Heldmaier told London's Independent, "to say that humans are so different from other mammals that they are unable to enter hibernation."
Although it's possible that people may one day be able to sleep through the winter, it will probably be used for other things. The most likely applications of human hibernation involve medicine and perhaps space travel. Doctors might be able to preserve transplant organs longer if those organs could go into hibernation, as a true hibernator's organs do. The U.S. Army is reportedly eager to look into the potential of using hibernation to help wounded soldiers during transport from battlefields to hospitals. And NASA has sponsored research on using hibernation for long-distance space travel. What could hibernation do for space travelers? 
Making My Nest
People don't actually hibernate, but many reduce their activity and spend more time indoors during the short winter days. Invite children to imagine that they do hibernate. What kinds of supplies will they store up for a long winter's rest? What will they line their nests with? What will they keep on hand for wakeful times when it's too cold to go outdoors? Provide students with paper plates, fabric or paper strips, store catalogs, sales flyers, and magazines. Then ask them to create personal winter nests by gluing the strips inside the plate and adding pictures of selected items to line their nests. During a sharing time, invite children to tell the class about their nests and why they chose some of the items in them.
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Cold-blooded hibernators 
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Cold-blooded doesn’t mean that an animal’s blood is really actually cold, sometimes their blood is actually hotter than ours. It simply means that animals, like reptiles, amphibians, and fish, become hotter and colder, depending on the temperature outside. For example, when the sun sets at night, their bodies are cooler because it is less warm outside. When the sun is out, however, their bodies soak up the heat and become warmer. Cold-blooded creatures take on the temperature of their surroundings. If it is 50 degrees outside, the lizard is around 50 degrees.  If it is 110 outside, then they are about 110, too. They are hot when their environment is hot and cold when their environment is cold. In hot environments, cold-blooded animals can have blood that is much warmer than warm-blooded animals. Cold-blooded animals are much more active in warm environments and are very sluggish (slow) in cold environments. This is because their muscle activity depends on chemical reactions which run quickly when it is hot and slowly when it is cold. A cold-blooded animal can convert much more of its food into body mass compared with a warm-blooded animal. 

Cold blood animals begin hibernation when the cold weather causes their body temperatures to drop. A cold-blooded creature needs solar power - soaking up the rays but hibernating in winter. Reptiles in temperate climates hibernate. They have no choice.

But hibernation in reptiles — more properly called brumation — is quite different from hibernation in mammals. Reptiles do not sleep the winter away, nor do they live off their fat reserves. They are alert, if sluggish, and if it’s cold enough, they don’t even lose weight during the winter. How does this happen?

It comes down to their cold-bloodedness (or, more precisely, ectothermy). Remember, a cold-blooded animal’s body temperature depends on its surroundings: when it’s warm, its metabolism is high; when it cools down, its metabolism slows down. When a reptile or other cold blooded animal, hibernates, its metabolism has slowed down so much that it hardly uses any energy over the course of the winter. It doesn’t eat for months, but it doesn’t starve either. [“Brumation” and “ectothermy” are the correct terms for reptile hibernation and cold-bloodedness, but you may wish to use the latter, more familiar terms with younger students to keep things from getting too technical.]
Not hibernating is not an option. For one thing, there’s nothing for them to eat. Imagine a garter snake, magically able to withstand the cold, trying to find food in the winter. The ground is frozen, so there are no earthworms. The ponds are frozen, so fish and frogs aren’t available either. And even if it could eat, because it’s so cold out, a reptile’s cold-blooded metabolism is so low that its digestive system has shut down: even if it could find something to eat, it wouldn’t be able to digest it. The food would sit in its stomach and rot, killing it.

One advantage of being cold-blooded is that you don’t have to burn much energy over the winter. (In comparison, bears that don’t fatten up before the winter will be awfully skinny in the spring.) But a reptile, or other cold blooded animal,  must do more than slow down its metabolism enough that it won’t starve. It must also avoid freezing to death. 
Remember, cold-blooded animals do not have a body temperature like humans do. Since we already said that hibernators adapt to their environments, you can see why these animals would try to escape extreme cold AND heat by hibernating.  Hibernation is sleeping through cold and estivation is sleeping through heat.  Cold-blooded hibernators will wake up when the air outside warms or cools enough for them to be comfortable.  Some cold-blooded hibernators are:
·  Bees 

·  Earthworms 

· Lizards 

·  Mud Turtles 

·  Snails 

Hot or Not?
Heat and cold will affect the liquid in students’ homemade thermometers the same way temperature affects a cold blooded animal. 

Materials:

Each group needs:

· cold water

· [image: image67.png]


isopropyl (rubbing) alcohol

· food coloring (any color)

· clear, narrow-necked plastic or glass bottle (for example, an 11 oz water bottle)

· rubber stopper with a hole (often part of classroom science kits), to create an airtight seal for the thermometer (alternative: modeling clay, or play-doh but it is a bit more difficult to get a good seal)

· long, clear straw (such as from a fast food restaurant)
· Index cards and pens/pencils to record temperatures. 

· Tape

To share with the entire class:

· isopropyl (rubbing) alcohol thermometers for calibrating

· black Sharpie® or waterproof marker

· (optional) large bowls or containers of water in different temperatures (to act as water baths, with varying temperatures from ice cold to very warm)

Ask students to brainstorm all the thermometers that can be found in their homes. (Some examples include thermometers to measure outside temperatures, thermometers to measure body temperatures, and kitchen thermometers used to measure food temperatures in meat and candy.) Ask students to find as many types of thermometers as they can in their homes and record the range of temperatures on each and the temperature that the thermometer reads when found.

Display the thermometers you brought in. Make a list on the board of all the thermometers students found, and show a sample of each if you have one. Have each student report temperature ranges and the temperature reading of the thermometer. Which temperature scale does each use (Fahrenheit or Celsius)? What are the similarities and differences in the temperature ranges on each instrument? How similar were their temperature readings when they were found? What would explain any differences?

All thermometers depend on some material that changes their properties when their temperatures change. A liquid bulb thermometer, such as the classic mercury thermometer, relies on the fact that liquids expand as they get warmer and contract as they get colder. In other words, liquids take up less space when they are cold and more space when they are warm.  Students will make a homemade liquid bulb thermometer in this activity.
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Organize students into teams. Provide each team with the handouts and materials listed. Have students make their thermometers.
With the Students:
1. Divide the class into groups of two students each. Pass out materials.

2. Peel any labels off the plastic/glass bottle.

3. Fill the bottle about one eighth of the way full with cold water.

4. Add rubbing alcohol so the bottle is now one-quarter of the way full (equal parts water and alcohol).

5. Add a few drops of red food coloring to the liquid. Screw on the cap and swirl the bottle to adequately mix the water and food coloring.

6. Place the straw in the bottle so that it is almost touching the bottom.

7. At the opening of the bottle, secure the straw with the rubber stopper, creating an airtight seal. (If using clay, make sure it completely covers the opening, creating an airtight seal
8. While the bottle is sitting on the table, place your hands around the bottom of the bottle to warm up the liquid. (If using a plastic bottle, make sure not to squeeze the bottle or you might stain your shirt!)
9. Observe how the liquid flows up the straw as its temperature increases.
10. Cut two lines out of the middle of the index card to fit the straw through. Mark the card with lines representing the temperature at which the liquid expands or contracts. This will enable you to read your temperature.

11. To calibrate your thermometer, place it in water and get the temperature of that water with another thermometer. Mark that temperature on your paper indicating the temperature. Remove the thermometer and replace it in warm water, testing the temperature of the warmer water with another thermometer. Mark that temperature. Fill in the rest of the numbers for your thermometer to gauge the temperature.

1. Use a commercial thermometer to check the current temperature in the classroom. Once the liquid has reached room temperature, use a black Sharpie® or other waterproof marker to place a mark on the bottle even with the liquid level in the straw. Then, label the mark on your bottle with the room temperature (make sure to note the units, Celsius or Fahrenheit).

2. Play around with the thermometer by placing it in cooler and warmer areas or in different temperature water baths. Mark each different temperature on the outside of the bottle. (Note, this thermometer does not work once the water begins to freeze or boil.) At what temperature does the liquid reach the top of the straw?
3. Test their 

Extensions:

· To add more math extensions and/or for upper grades, have students convert the temperatures on the thermometer to the Kelvin scale (Celsius temperature + 273.15 = Kelvin temperature).

· For lower grades, it may be helpful to only convert temperatures from Celsius to Fahrenheit.

· Have students place their thermometers in different places around the school and take measurements. Have them hypothesize why different areas of the school may be different temperatures. They can generate a class data chart and develop engineering reports in small groups about the temperatures around the school.

· Have students experiment to see what happens when they use this thermometer in very cold or very hot circumstances (outside if very hot or cold, or in a freezer, or in a pot of water heated on a burner). This homemade thermometer does not work once the water begins to freeze or boil. Use this opportunity to discuss the limitations of this thermometer and how its design might be modified to work in those temperatures.

· Have students make lists of all the places thermometers are used. For example, thermometers are used in cars to make sure they are not overheating, in buildings for monitoring heating and air conditioning, in weather stations to measure outside temperatures, etc.
Discussion:

1. What happened when you placed your thermometer in the warm water bath? The ice water bath? What caused the changes you observed? The liquid rose when the thermometer was placed in the warm water bath and fell when placed in the ice water bath. The changes were caused by the water increasing in volume when it was heated and decreasing in volume when cooled.
2. What are the limitations of your thermometer? Some limitations include that the thermometer is slow to adjust to temperature because of the large amount of liquid in the "bulb" portion, that it could not measure below 32 degrees F (0 degrees C) or above 212 degrees F (100 degrees C) because the liquid being used would freeze or boil at those temperatures, and that because it is open at the top, water could evaporate (thus rendering the scale inaccurate.
3. What other scales could you use to represent the different temperatures you measured? Temperature scales are arbitrary; just about anything can be used to represent calibration points as long as everyone in the group using the thermometer agrees on the proposed scale. Students may suggest various number ranges, birthdates of class members, names of scientists, or class members' initials.
4. Which of the following temperatures would you prefer outside: 24 degrees Celsius or 70 degrees Celsius? Why? The best temperature for being outside would be 24 degrees C, a comfortable outdoor temperature (equivalent to 75 degrees F). Seventy degrees C would be scorching hot (equivalent to 158 degrees F).
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And…Frogs
Some frogs hibernate at the bottom of streams and ponds where the water does not freeze. Woodland frogs find shelter under leaves and dirt. During the winter they freeze but thaw out and wake up in the spring. Aquatic frogs such as the leopard frog(Rana pipiens) and American bullfrog (Rana catesbeiana) typically hibernate underwater. A common misconception is that they spend the winter the way aquatic turtles do, dug into the mud at the bottom of a pond or stream. In fact, hibernating frogs would suffocate (die from lack of air) if they dug into the mud for an extended period of time. A hibernating turtle's metabolism slows down so drastically that it can get by on the mud's meager oxygen supply. 
Hibernating aquatic frogs, however, must be near oxygen-rich water and spend a good portion of the winter just lying on top of the mud or only partially buried. They may even slowly swim around from time to time.

[image: image70.png]Try This!

When waking from hibernation, a Big Brown Bat’s
body temperature increases from 10°C to 38°C in
thirty minutes. Make a graph of the following
data. (Put the time line on the bottom of the
graph.) Draw one line representing the warming
of the heart over thirty minutes and another line
representing the warming of the back legs over
thirty minutes. (Temperature is in °Celsius.)

Time Heart Temperature Back legs Temperature
0 min 10° 10°
5 min 12° 10°
10 min 17° 11°
15 min 20° 13°
20 min 32° 18°
25 min 38° 28°
30 min 38° 34°

1.At what time is the difference in temperature
between the heart and back legs the greatest?

2.During which time interval does the
temperature of the back legs increase the
most? Why?

3.Convert the temperature readings to
Fahrenheit. What is the bat's heart temperature
at 30 minutes, when it is fully warmed?



Terrestrial frogs (land frogs) normally hibernate on land. American toads (Bufo americanus) and other frogs that are good diggers burrow deep into the soil, safely below the frost line, also known as frost depth or freezing depth—is most commonly the depth to which the groundwater in soil is expected to freeze. Some frogs, such as the wood frog (Rana sylvatica) and the spring peeper (Hyla crucifer), are not adept at digging and instead seek out deep cracks and crevices in logs or rocks, or just dig down as far as they can in the leaf litter. These hibernacula are not as well protected from frigid weather and may freeze, along with their inhabitants.
And yet the frogs do not die. Why? Antifreeze!  Even though ice crystals form in such places as the body cavity and bladder and under the skin a high concentration of glucose (a type of sugar made by the body) in the frog's vital organs prevents freezing. [For an amazing video to illustrate this point and on how frogs aren’t the only ones with anti-freeze go to. http://www.bbc.co.uk/nature/adaptations/Hibernation#p0060vdd Painted turtles have a natural anti-freeze that helps them survive winter, too. Especially have students watch the first 2 minutes and 17 seconds.]

Glycol is the main ingredient used in all forms of antifreeze .A partially frozen frog will stop breathing, and its heart will stop beating. It will appear quite dead. But when the hibernaculum warms up above freezing, the frog's frozen portions will thaw, and its heart and lungs resume activity--there really is such a thing as the living dead!
Chill Out: Organic Antifreeze
Can Sugar Really Change the Freezing Point of Water?
The following experiment is designed to be simple, fun, and of course to teach an important scientific concept. From Jane Hoffman, the Backyard Scientist. http://www.knowledgehouse.info/BackyardScientist2007-3.pdf
[image: image71.png]


Here’s the question: How to survive at a temperature that turns blood to ice? Two cold-blooded creatures have evolved very different physiologies to cope with the extreme cold of their environments. The winter flounder can live in sea water of -1.8 degrees C. The wood frog actually freezes - its heart stops beating and its liver converts glycogen to glucose, thereby lowering the temperature at which ice crystals form and protecting its cells from the ice when freezing does occur. Scientists hope further understanding of these mechanisms might be used to preserve human organs for transplants. An excellent, and pretty incredible, introduction to this experiment is the video Going to Extremes: Frozen Alive at http://www.pbs.org/saf/previous/watchonline704.htm. If that video won’t load, there is a version available on YouTube http://www.youtube.com/watch?v=Fjr3A_kfspM (Note: STOP the video at 3:30 precisely). These frogs freeze completely when winter comes, entering a hibernation period. They actually stop their heartbeat, and thaw when spring comes.
An automobile's engine is cooled by jackets of water. In winter, water in these channels can freeze and expand. The expansion is so forceful it can crack an engine block. Antifreeze is a liquid solute (ethylene glycol) that dissolves easily in water. In solution and added to a car's engine, it lowers the freezing point of water, preventing it from freezing and ruining the engine. 

Glucose, like the antifreeze ethylene glycol, dissolves in water. In this activity, think of the sugar solute as a form of glucose that depresses the freezing point of water. In cells, the lowering of the freezing point of the liquid cell contents protects the living system from freezing and ripping open with fatal results. The wood frog's liver converts glycogen to glucose, which is able to actually prevent ice crystals from forming in the frog's cells through freezing point depression.
Gather the following supplies for each group: 

· Bowl 

· Thermometer 

· Two small plastic cups 

· Ice 

· Spoon 

· Measuring cup 

· Water 

· ¼ cup Kosher salt 

· Sugar packets  

· Marker 

· Clock or timer 

· Pencil and paper to record your observations 

Have students begin experimenting, using the following directions: 
1. Fill the bowl with water and ice. 

2. Measure the temperature.  The ice water is ready when its temperature falls to 0 C. 

3. Once the water reaches this temperature add the ¼ cup of salt. 

4. Stir well to dissolve as much of the salt as possible. 

5. After five minutes, use the thermometer to measure the temperature of the water and salt solution. 

6. Label one cup A and the other cup B. 
7. Add 10 ml of ice water (no ice) to each cup. 

8. In cup B, add ½ packet of sugar. 

9. Place both cups A and B into the bowl filled with salted ice-water. 

10. Wait for ten minutes. 

11. Observe the contents of cups A and B. 

Can you answer the following questions from your observations? 

1. Did the temperature of the water change after salt was added? 

2. What temperature did it reach? 

3. What happened to the water in cups A and B? 

Solution to the experiment:
Like the salty ocean water, the salt lowered the freezing temperature of the water in the bowl from 0oC to about -2 C.  Any ice in the bowl should have begun to melt.   

The water in Cup A began to freeze.  The solution of sugar and water in Cup B did not freeze.  The sugar lowered the freezing point of the water, preventing it from freezing.  

Sugar is glucose.  It, like ethyl glycol in anti-freeze dissolves in water forming a solution.  

Ethyl glycol is used in car and truck engines to reduce the freezing point of the water to prevent the water from freezing and damaging the  radiator and engine components. 

A substance (solute) dissolves in another substance (solvent) producing a mixture called a solution.  Solutes can change the temperature at which liquids freeze.  Note: not all mixtures are solutions.
Extensions: 

· Do different kinds of sugar have different effects? Students may decide to keep the amount of sugar and the amount of water constant and see how the freezing point changed from one sugar to the next.
· What about artificial sweeteners?
· Discuss with students: What do you think can vary from one investigation to the next? Think about this for a moment. Well, the amount of salt or sugar can vary, the amount of water can vary, and the type of salt or sugar can vary.  Let’s concentrate on sugars first.  A scientist might select one sugar to study first and see how the freezing temperature varies with amount of sugar while keeping the amount of water constant. 
Snakes!
Many snakes are also hibernators. Imagine living outdoors in winter and not having the ability to create your own body heat! Herpetological species respond to this challenge by retreating to an appropriate place to hunker down for the winter to avoid freezing temperatures. But a reptile must do more than slow down its metabolism enough that it won’t starve. It must also avoid freezing to death. That means getting below the frost line. This is more difficult in the north than in the south. If you look at the map we can see that in the south, it’s only five inches, in the north, it can be over 100 inches down! Snakes in the southern United States, like TN, for [image: image72.png]3.700
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example, may only have to get into an animal burrow or a tree stump to get below the frost line. If they live in Canada, though, or the northern United States, it’s a bit more complicated. Snakes have to go a lot deeper to get below the frost line, and there aren’t that many choices for them. Some snake species hibernate alone, while others may share the same site.  Where decent hibernating sites are few and far between, you get a lot of snakes hibernating at a given site — sometimes thousands of them.
A particular, unique congregation of snakes can be seen in Narcisse, Manitoba.  Every year, deep in the heart of Canada, thousands of snakes come wriggling out of their dens. Each spring, snakes emerge from their hibernacula to bask, breed and feed for the summer.  In Narcisse, the largest over-wintering population of snakes in the world can be seen emerging from their communal dens which house up to 10,000 snakes at a time.  Few good available hibernaculum is why there are so many garter snakes at the Narcisse snake dens in Manitoba: there really isn’t anywhere else for them to go in winter, so all the local snakes end up there. Winter mortality among garter snakes is high — which is to say that a lot of hibernating garter snakes don’t make it through the winter. One Manitoba study pegged the winter mortality rate at as much as one-third to one-half of the population. The problem is that some winters are colder than others, and that, as a result, a denning site that was safe for years may suddenly be lethally cold. Because hibernating snakes are still active and conscious, they do have the option of going deeper as needed — if that that’s even possible at their den site.
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 Before frost occurs, the snakes head back to the previous year’s site for hibernation. Manmade structures such as old wells, rock and log piles, retaining walls and building foundations, and more natural places such as ant mounds and rodent or crayfish burrows are examples of snake hibernation sites. Although seemingly very different, these structures have one thing in common; they provide a thermally stable place for snakes to hide while the temperatures are too extreme for activity. Some humans help snakes, and other animals by building hibernacula (singular hibernaculum) for them to stay in. Hibernacula are important for snakes because they require a site below the frost line and close to the water table (so the snakes do not dehydrate) to survive cold, dry winters.  Building a hibernaculum provides more overwintering opportunities for snakes in places where it might be hard for them to survive. 
Snakes are often persecuted because of the mistaken belief that they are dangerous pests.  However, snakes have a tremendous ecological and cultural value. 
Snakes play an important role in ecosystems - they are both predator and prey.  By feeding on frogs, mice and other small animals, snakes help to maintain healthy ecosystems. Building snake hibernacula helps to create habitat and winter dens for snakes that have lost their hibernacula or cannot travel to traditional overwintering sites due to cities and towns being in the way, habitat loss and other changes.  Often snake hibernacula will serve as a home for other animals as well. It will not attract additional snakes from other areas.
Home Sweet Hiber-snack-ula
So just how does one build a snake “hibernacula”?

.

Construction begins by digging a hole approximately 6’ deep and 10’ x 10’ in size. Large rocks are placed at the bottom of the hole to create crevices that the snakes can utilize. 
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Several pieces of flexible drain pipe fitted with “T” shaped pieces at the terminal ends are placed among the rocks within the structure providing entrance. The pipes also had 2” holes cut into the sides along the entire length of the pipe to provide snakes multi-level access. More large rocks, small logs and left over pieces of drain pipe are carefully placed and piled creating a multi-layered shelter. For example, materials such as, recycled pieces of concrete can be used. Smaller rock rubble is then piled on top and a piece of filter fabric is laid over the structure. The fabric is covered with approximately 2-3’ of sand and dirt while leaving the ends of the flexible pipes uncovered. As a final 

step, the entrances are surrounded with more pieces of small rock to reduce erosion. 
Their Turn:

Have students work together to design and create an edible model of a snake hibernacula (a hiber-snack-ula) using materials such as the following:
Examples (other appropriate materials may be used/substituted)

· Edible Rocks

· Twizzlers

· Graham Crackers/Crumbs

· Chocolate Sprinkles

· Candy Coated Chocolates

· Gummy Worms or Snakes

· Clear Cups

· Tootsie Rolls

· And of course: vanilla ice cream or whipped cream can always count for snow!

Nappers and Snackers
There are other animals that are not “true” hibernators. They take “naps” during the winter and wake up often. Animals that sleep and eat to survive the winter
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SKUNKS, BADGERS, and RACCOONS do not hibernate for the entire winter. During the coldest times, they enter a state of “torpor” where they are able to live off the fat that they stored in their bodies. During nicer weather, when the temperature rises a bit, they do come out and find some food to eat.

· SQUIRRELS like to make their winter den in a hollow tree where they build a cozy nest of grasses, leaves and twigs. They grow a thick winter coat and their body heat keeps them warm in their nest. In the fall, squirrels hide nuts and pine cones to eat. They use their sense of smell to find the food they have buried. Squirrels also like to visit bird feeders. On very cold days, squirrels stay in their dens and snack on the food they have stored.

· CHIPMUNKS often have their winter burrows under trees. They sleep in a nest made of grasses, leaves and plant fluff which helps to keep them warm in the winter. They wake up often and snack. During late summer, chipmunks gather seeds and nuts. They are able to carry large amounts of food in their cheek pouches. The food is stored in the den under their nests. They also bury food around their dens.

· BEAVERS spend the winter in their lodges. The lodges have entrances below the frozen surface so they can leave the lodge and swim to the branches they have stored a short distance from the lodge. If the pond freezes all the way to the bottom, beavers may become trapped in their lodges and starve.

· BEARS are not “true” hibernators. They go into their dens ( caves, hollow trees, river banks ) in the fall Their body temperature drops a little and their heart rate slows down, but not as much as true hibernators. Bears go into a “torpor” or temporary sleep and can wake up and walk around. The tiny cubs are born in the dens during the winter season. Bears eat and eat in the late summer and fall, so that they can store fat before going to their dens. When they come out in the spring, bears are very thin and very hungry. Female polar bears will spend the winter in dens if they are going to give birth
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Animal Insulation

Humans are essentially tropical animals and are not equipped to deal with even mild cold. That we can live in cold climates is a result of behavioral adaptations such as wearing appropriate clothing and building shelters.

Successfully surviving cold requires two simultaneous events. Firstly, generating sufficient body heat by burning appropriate food and secondly, preventing the loss of that heat by suitable clothing and shelter.
Have you ever wondered how animals stay warm in the winter? Lots of animals grow extra fur to help keep their bodies warm, but most animals also put on extra fat during the fall that helps them stay warm all winter long. How does fat help keep them warm? Do this experiment to find out!
While the average body temperature for a mammal is 99ºF, a hibernating animal's temperature drops to around 43ºF. This is less than half the normal temperature and only 11 degrees above freezing! The lower temperature reduces the amount of energy an animal must use to keep warm. To demonstrate, half-fill a plastic shoe box with warm water and have students measure the temperature using a thermometer. Have them stir in one ice cube at a time and take a temperature reading after each addition, until the water reaches 43ºF. Then invite children to place their hands in the water to experience the body temperature of a hibernating animal. Do they think they could sleep comfortably at this temperature? 
Now, what about keeping that temperature when it’s even colder outside? Have students use adjectives to vividly describe the various sensations. 
What You Will Need:

· Vaseline, lard,  or shortening

· two plastic baggies

· rubber bands
· Bowl 
· Water

· Ice cubes 
· a stopwatch

· Journals for notes

· Pencils

What To Do: Give the following instructions to students
1.Put your hand inside one of the plastic bags. Have a helper spread Vaseline or shortening all over the bag to cover your hand. There needs to be a pretty thick layer over all of your hand.

2.Now have your helper slide the other bag over the Vaseline or shortening, squeezing the air out of both the bags, and tie the bags to your wrist with the rubber band (make sure it isn't too tight; you just want it to keep the bags from falling off).

3.Stick both of your hands into the bowl of ice water (it's okay if you only have about half of each hand in the water, but make sure the water doesn't go above the rubber band and get into the bags on your covered hand. 
4.Have your helper time how long you can leave each hand in the cold water and mark down the time in the journal.  Make sure to take each one out as soon as it starts to feel uncomfortable so that you won't damage your skin! Note the sensations you felt and the differences down in your journal. Then, have your partner take their turn.
What's Happening?

The layer of Vaseline or shortening that you surrounded your hand with acted very similar to a layer of fat that animals grow for the winter. It protected your hand from the ice water and you were probably able to keep your covered  hand in the water for longer than you could stand to keep your bare hand in! How did the Vaseline or shortening protect your hand, though? It insulated it from the cold water. This means that it kept the heat that your hand already had from escaping into the water and also blocked the cold temperature of the water from touching your hand as quickly. Your bare hand did not have this extra layer of protection and all the heat from that hand was transferred to the water almost right away. Then it only took a few seconds for the cold from the water to start making your hand feel very cold. Animals grow a layer of fat underneath their skin or fur that helps insulate them from cold weather, just like the layer of Vaseline did for your hand!
Winter Food

How do animals find food in the winter? Sometimes it can be pretty hard. When winter's cold temperatures and ice arrive, food becomes scarce for animals in the wild. Reinforce this concept with students through this easy classroom experiment and help them to find out what it would be like if you had to eat food that was frozen or covered by ice!

Materials:

•ice cube tray

•pieces of fruit (grapes, berries, or chunks of pineapple work well)
•water

•a freezer

What To Do:

In advance, fill several ice trays with water and drop a small pineapple chunk into each section. Allow the water to freeze. Then pop out the cubes and give one to each child. Ask students to smell their ice cubes. Can they smell the pineapple? Challenge them to eat the pineapple chunks out of their ice cubes. How difficult is this task? Is it hard to get to the fruit? (Be careful not to hurt your teeth by trying to chew the ice.)
 Use this activity to discuss how wintry conditions make it hard for animals to find and get to food. Then explain that, because of the low food supply in winter, hibernating animals eat all summer and fall to fatten their bodies. The stored fat provides fuel to help the animals survive during their winter hibernation, which can last as long as six or seven months.
Options: 

· If you don’t have access to a freezer, buy bags of frozen fruit. Have students compare their ability to smell the frozen fruit vs. a fresh piece of that fruit. 

· Hide a fresh piece in the room, ex. pineapple, and hide a frozen piece of fruit. Can students find it?

· Have students close their eyes, hold a fresh piece and a frozen piece of fruit in your hands. Which can they smell? What happens as the frozen fruit warms?

What's Happening?

Before you froze the fruit, you could probably smell it without trying very hard. After you covered the fruit with water and froze it, it was much harder to smell the fruit. That is because the water surrounded the fruit and then froze, which trapped the scent inside the ice. It also sort of watered down the smell of the fruit, making it harder for you to smell. The same thing happens to food in the wild after it freezes or when snow and ice cover the ground, branches, and berries. Snow makes it hard to animals to see their food and ice makes it hard for them to smell it and eat it. This is one of the reasons that a lot of animals collect food in the fall and store it someplace dry to eat during the winter when food will be harder to find! Because of the cold weather, there is also less food available, even for the animals that could find it. That is because most plants lose their leaves and stop producing fruit and go dormant so that they can also survive the winter.
Games:

Hibernation Sort

Play a hibernation sorting game. Using animal pictures or photographs, have students sort the animals into different categories, such as animals that hibernate and animals that do not.

Hibernation game (who woke the sleepy bear?)

Need: Group of children, 5 or more ,the more children the harder the game gets!

Directions: Have all the children sit in a cirle. One child will sit in the middle and pretend to sleep all curled up like a bear hibernating. Make sure their eyes stay closed! 

Pick a child and have them sneak up and touch the bear then quickly return to their spot in the circle. Then everyone in the circle says WAKE UP SLEEPY BEAR! WAKE UP! and the child will then sit up and have to guess who woke them up. Let them guess 3 times. You can vary the game by letting them ask 3 questions such as was it a boy do they have on a red shirt?
Winter Sleep

Hibernating squirrel. (Isn't he a cutie?) The quote is from the last stanza of Winter Sleep, a poem by Elinor Wylie (1885 -1928). Bottom: Hibernating bats in a cave.
Image Credits: http://etegamibydosankodebbie.blogspot.com/2011/09/illustration-friday-hibernate.html
Read “Winter Sleep”, a poem by Elinor Wylie (1885 -1928) and have students create their own version of Etegami. Etegami (e= "picture"; tegami= "letter/message") are simple drawings accompanied by a few apt words. They are usually done on postcards so that they can be easily mailed off to one's friends. Though etegami has few hard-and-fast rules, traditional tools and materials include writing brushes, sumi ink, blocks of water-soluble, mineral-based pigments called gansai, and washi postcards that have varying degrees of "bleed." They often depict some ordinary item from everyday life, especially items that bring a particular season to mind. Traditionally, only black ink — the same as used in East Asian calligraphy — is used, in various concentrations.
In our version students can create ink and wash paintings using  materials such as water color paints or watercolor pencils, and watercolor paper. 
Notes: The colors are much more vibrant if you:

1. Use actual watercolor paper. Order or buy the cheapest stuff possible and the quality is always fine. Regular drawing paper, like construction paper, is too porous. It will soak up the watercolor so it’s not a good choice.
2. Use liquid watercolors. Liquid watercolors are a concentrated liquid watercolor paint that come in 8oz bottles. They can be used full strength, but I always add water. They are best diluted with regular water at a ratio of 1:1. The stronger you want the color, the less water you use. The lighter you want the color, the more water you use. They are a great substitute for pan watercolor paints as they produce such a rich, vibrant color. 

Tip: Don’t throw your  liquid watercolors away. Store them in small condiment containers with plastic lids or baby food jars. This keeps the watercolors well. If a color, like yellow, gets too muddy,  toss it, but mostly the colors stay true. This way you can go about a year and a half before you start to run out of basic colors like red, yellow and blue.

1. Winter Sleep
Author: Elinor Wylie 

When against earth a wooden heel
Clicks as loud as stone and steel,
When snow turns flour instead of flakes, 
And frost bakes clay as fire bakes,
When the hard-bitten fields at last
Crack like iron flawed in the cast,
When the world is wicked and cross and old,
I long to be quit of the cruel cold.

Little birds like bubbles of glass
Fly to other Americas,
Birds as bright as sparkles of wine
Fly in the night to the Argentine,
Birds of azure and flame-birds go
To the tropical Gulf of Mexico:
They chase the sun, they follow the heat,
It is sweet in their bones, O sweet, sweet, sweet!
It's not with them that I'd love to be,
But under the roots of the balsam tree.
Just as the spiniest chestnut-burr
Is lined within with the finest fur,
So the stony-walled, snow-roofed house
Of every squirrel and mole and mouse
Is lined with thistledown, sea-gull's feather,
Velvet mullein-leaf, heaped together
With balsam and juniper, dry and curled,
Sweeter than anything else in the world.
O what a warm and darksome nest
Where the wildest things are hidden to rest!
It's there that I'd love to lie and sleep,
Soft, soft, soft, and deep, deep, deep!

Credit: � HYPERLINK "http://www.sciencephoto.com/media/380006/enlarge" \o "Click here to view all the images by this contributor" �ALAN SIRULNIKOFF/SCIENCE PHOTO LIBRARY�.  � HYPERLINK "http://www.sciencephoto.com/media/380006/enlarge" �http://www.sciencephoto.com/media/380006/enlarge�. All Rights Reserved.





We’ve Got it Too?


For more than 30 years, scientists have been intrigued by brown fat, a type of cell that acts like a furnace, eating up � HYPERLINK "http://health.nytimes.com/health/guides/nutrition/diet-calories/overview.html?inline=nyt-classifier" \o "In-depth reference and news articles about Diet - calories." �calories� and making heat. Rodents, like bats and mice, unable to shiver effectively to keep warm, use brown fat instead. So do human infants, who do not shiver very well either. But it was generally believed that humans lose brown fat after infancy, no longer needing it once they are able to shiver. 


That belief, three groups of researchers report, is wrong.


Their papers, � HYPERLINK "http://content.nejm.org/" �appearing in The �� HYPERLINK "http://topics.nytimes.com/top/reference/timestopics/organizations/n/new_england_journal_of_medicine/index.html?inline=nyt-org" \o "More articles about New England Journal of Medicine" �New England Journal of Medicine�, indicate that nearly every adult has little blobs of brown fat that can burn huge numbers of calories when activated by the cold, as when sitting in a chilly room that is between 61 and 66 degrees.


Brown fat in adult humans was in an unexpected place. Infants have it mostly as a sheet of cells covering their backs. Rodents have it mostly between their shoulder blades, just down from the neck. But in adult humans, it showed up in the upper back, on the side of the neck, in the dip between the collarbone and shoulder, and along the spine.


The fat really is brown, researchers say, because it is filled with mitochondria, the tiny energy factories of cells. Mitochondria contain iron, giving the tissue a reddish brown color.


The hope is that scientists may find safe ways to turn on peoples’ brown fat, allowing them to lose weight by burning more calories. But researchers caution that while mice lose weight if they activate brown fat, it is not clear yet that people would shed pounds, but if scientists figure out a way to activate it, the tiny amount of brown fat in adult bodies could burn off at least 9 pounds of bad white fat every year.





Antifreeze: Not Just for Frogs and Turtles


Humans use a fluid called antifreeze in their cars. What antifreeze does for cars is to reduce the freezing point, i.e. it has to get colder before it starts to freeze. The freezing point of the mixture is below the lowest temperature that the engine is likely to be exposed. So water in your car’s fluids, that would normally freeze solid at 32F, won’t freeze until it’s 40 degrees below zero. That helps your car still start in the middle of winter when it’s really really cold!











Image Credit: National Geographic. � HYPERLINK "http://animals.nationalgeographic.com/animals/mammals/black-bear/" �http://animals.nationalgeographic.com/animals/mammals/black-bear/�. ©2011 All Rights Reserved.





Image Credit: Toronto Zoo. � HYPERLINK "http://www.torontozoo.com/adoptapond/snakehibernacula.asp" �http://www.torontozoo.com/adoptapond/snakehibernacula.asp�. ©2011 Toronto Zoo. All rights reserved. 





Image Credit: Animal Planet. � HYPERLINK "http://animal.discovery.com/guides/baby-animals/mammals/black_bear.html" �http://animal.discovery.com/guides/baby-animals/mammals/black_bear.html�. All Rights Reserved.





Image Credit: Baltimore Sun. � HYPERLINK "http://weblogs.baltimoresun.com/features/green/2010/02/" �http://weblogs.baltimoresun.com/features/green/2010/02/�. All Rights Reserved. Accessed 12/15/11. 





Did You Know?


When a black bear finds a patch of berries, it will spend hours delicately plucking the berries from the bush. It doesn't have dexterous and nimble fingers like humans have to pluck fruit. So what can it do? Instead, it uses its flexible lips. A bear's lips can bend and grasp much the way a monkey's prehensile tail can grasp a limb. With these "prehensile" lips, a bear can pick berries one by one.
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