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Herpetology:
Primary Objectives:

Students will:

· Identify and describe each stage of the frog life cycle, orally and/or through writing.
· Perform hands-on experiments and participate in activities related to aspects of frog physiology, life, and development.
· Demonstrate the importance of color and camouflage in relation to frog survival
· Understand the unique aspects of frog physiology, life cycle, etc.
· Be able to understand the effects of pollution on life forms across the earth

· Learn comparative frog anatomy, identify frog organs, and perform virtual or paper frog dissections
· Compare endothermic and exothermic life forms and understand the differences
· Create at least one piece of original art related to frogs

Examples of Possible Academic Standards to Incorporate:

The following are samples of what kinds of standards you might choose with a Science focus in your lesson. Go to the spreadsheet or http://www.state.tn.us/education/ci/arts/index.shtml and choose the standards and vocabulary for each grade level that you are going to focus on. As with any lesson, part of your planning time will be spent making your own sample of the included projects so that you are aware of how much time and effort the projects will take as well as how you will want to modify them. During tutoring, parents and everyone in the home are to be involved in this lesson and make their own projects as well.

Science Academic Standards

Kindergarten:

· GLE 7.4.1 Observe how plants and animals change as they grow.
1st Grade:

· GLE 7.4.1 Observe and illustrate the life cycle of animals.

2nd Grade:

· 7.4.2 Sequence a collection of pictures or illustrations into the correct stages of an organism’s life cycle.

· GLE 7.4.1 Compare the life cycles of various organisms.

3rd Grade:

· GLE 7.5.1 Explore the relationship between an organism’s characteristics and its ability to survive in a particular environment. 
4th Grade:

· 7.4.2 Study the life cycles of a variety of organisms and determine whether these processes illustrate complete or incomplete metamorphosis.
5th Grade:

· GLE 7.5.1 Investigate physical characteristics associated with different groups of animals.
6th Grade:

· 7.2.1 Compare and contrast the different methods used by organisms to obtain nutrition in a biological community.
7th Grade:

· 7.4.1 Classify organisms according to whether they reproduce sexually or asexually.
8th Grade:
· GLE 7.5.1 Identify various criteria used to classify organisms into groups.
· 7.9.7 Apply an equation to determine the density of an object based on its mass and volume.

High School: Biology

· CLE 0.2.1 Investigate how the dynamic equilibrium of an ecological community is associated with interactions among its organisms.
· SPI 0.2.6 Predict how a specific environmental change may lead to the extinction of a particular species.
· SPI 0.2.4 Predict how various types of human activities affect the environment.
· 0.2.5 Conduct research on how human influences have changed an ecosystem and communicate findings through written or oral presentations.
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Herpetology:
[image: image28.jpg]2 |

= ED
Ta@h' N‘ﬁ A vt &u:



 People who study frogs and toads are called herpetologists. Herpetology is the study of amphibians and reptiles. 
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Note: Biological classification, or scientific classification in biology, is a way scientists use to group and organisms by type. It goes from very general (life), to very specific (species). The class Amphibia has around 6,000 species arranged across 46 families in three orders. Frogs and toads make up the bulk of the class. They are grouped as the order Anura, which has at least 5,500 species in 30 families. The second largest order, Caudata, has approximately 560 species in ten families. The classification (grouping according to their characteristics) of amphibians is a contentious, controversial, hotly debated issue that causes scientists to argue over details with other scientists, and one that is very much in flux (constant change), with new information about relationships between amphibians, based on genetic studies, changing the picture all the time. This means that both common and scientific names of amphibians can often change. You never knew frogs were so controversial did you?
For a great introduction to this topic, read a book such as Tadpole Rex by Kurt Cyrus
Have students: Imagine you are a time traveler; you hop in your time machine and travel back through time millions of years to the age of the dinosaurs. You step out of your time machine and gasp, Pterodactyls fly high above a deep swamp filled with huge dragonflies. The earth shakes as an enormous 80-ton Brachiosaurus munches on the top of a tree nearby. On the muddy ground at your feet, something strangely familiar hops by: a frog? 
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Surprised? No, it didn’t sneak its way onto your time machine. Few people realize just how ancient frogs are. For 190 million years, the ancestors of modern frogs have roamed the mud puddles and waterways of the earth, looking much the same as they do today. In fact, frogs predate (came before) the dinosaurs by at least 100 million years! Ichthyostega, prehistoric forerunner (ancestor) of the modern frog, lived 370 million years ago. Sometimes referred to (spoken about) as "the first four-legged fish," skeletal remains of this earliest-known amphibian were first discovered in East Greenland.  Beelzebufo ampinga, the so-called "devil frog," may be the largest frog that ever lived and it lived with the dinosaurs. Its name comes from Beelzebub, Greek for "devil," and bufo, Latin for toad. Ampinga means "armored," describing the prominent cranial shield the species had on its head. These beach-ball-size amphibians, now extinct, grew to 16 inches (41 centimeters) in length and weighed about 10 pounds (4.5 kilograms). They inhabited the island of Madagascar, about 65 to 70 million years ago, when dinosaurs still walked the earth. The ancient devil frogs may have snatched lizards, small vertebrates, and possibly even hatchling dinosaurs with their huge mouths and powerful jaws. Its children’s children are still around. Ceratophyrines, living descendants of the devil frog, are sometimes called "Pac-Man frogs," because their round shape and oversized mouth resembles the old video game character. As Kurt Cyrus writes, “Gone are the dinosaurs. Gone are the stompers,/the rippers, the roarers, the bone-crunching chompers./Gone are the dinosaurs, swept away…./But hoppers and croakers are here to stay.”
The secret to their success is their amazing adaptability (ability to change). 

As amphibians, frogs have one webbed foot (toes with flaps of skin that stretch between them and connect them) in each of two worlds, they need both water and land to live. The advantages of this double home life are clear. A land predator about to get you? That’s okay; you can dive into the water and swim away. Not enough food to eat in the pond or a water predator about to gulp you down? Hop out and see what tasty things you can find on the shore and escape from that fish!
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Frogs have evolved (adapted and changed) to live in an amazing variety of different climates. They can be found just about anywhere there's fresh water, from the desert to the Arctic, on all continents except Antarctica. (Frogs cannot live in the sea or any salt water.) Though they thrive (live well) in warm, moist tropical climates, frogs also live in deserts and high on 15,000 foot mountain slopes. The Australian water-holding frog is a desert dweller that can wait up to seven years for rain. It burrows (digs) deep underground and surrounds itself in a transparent (see-through) cocoon (wrapping) it makes out of its own shed skin (skin that it outgrew and that came off) while waiting for rain, when it does come, the frog’s first meal is already ready, it eats all its old dead skin. 
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Like all amphibians, frogs are cold-blooded, meaning that their body temperatures change with the temperature of their surroundings. When temperatures drop, some frogs dig burrows underground or in the mud at the bottom of ponds. They hibernate in these burrows until spring, keeping perfectly still and hardly breathing. Wood frogs can live north of the Arctic Circle, surviving for weeks in a frozen limbo state. This frog uses glucose (sugars) in its blood as a kind of antifreeze (a liquid that lowers the freezing point of something so that it doesn’t freeze until well below 32F) that concentrates in its vital organs, protecting them from damage while the rest of the body freezes solid. The Grey Tree Frog does this too; it can survive even though its heart completely stops. 
Reptile Temperature Experiment: 
Being a reptile is hard work.

Humans are warm blooded (or endothermic.) Our body temperature is at a constant temperature of 98.6 degrees, unless we are sick and have a fever. We can wear clothing and shiver to raise our body temperature or sweat to cool our bodies. 
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Reptiles are cold blooded (or exothermic) and they cannot control their body temperature by wearing clothes or sweating. Reptile body temperatures change according to the temperature of their surroundings. If it is 75 degrees outside, a snake will be 75 degrees inside its body. If it is 105 degrees outside, the reptile with be 105 degrees inside its body. Reptiles have a body temperature range that they must be at in order to survive.

Do you see many reptiles outside during the winter? Not if you live where it gets cold! Reptiles have to hibernate during cold winters because it is too cold outside for their bodies to work properly. They cannot eat or move around when it is cold outside, so they go in to a deep sleep called hibernation.

During the warmer months of the year, a reptile has to keep within the temperature range it needs to survive. Reptiles must find a warm places to sit when they are cold, and find cooler places when they are hot. Have you ever stood in the sun when you are cold or moved to the shade when you are hot? That is what a reptile does all day. Different species of reptiles have different temperature range requirements.

Set-up:
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For this experiment you will need a number of thermometers. It is best for the students to split up into groups sharing a thermometer. To make things really fun, you can decorate each thermometer by gluing it to a picture of a frog from a magazine glued to a note card or other heavy card stock or decorate the ones included later in the lesson.
Before class, find an area that has many different features like rocks, grass, dirt, trees, and bushes. Find the lowest temperature in the area by putting thermometers in the shady areas. Then find areas with the highest temperature found on asphalt, rocks, or other hot surfaces in the sun.

Lay the thermometer down on an object – just like a reptile. Wait at least two minutes before taking a reading.

Next, set up temperature ranges. They should be in five degree increments started at five degrees below your lowest recorded temperature and ending at five degrees above your highest recorded temperature.

Assign temperature ranges to the thermometer reptiles. If there are more temperature ranges than reptiles, space out the temperature ranges you assign.

Activity:

Pass out the frog thermometers along with its assigned temperature range. Give the children ten minutes or so to find the best place to lay their thermometer frog so that the thermometer reads within its assigned range. Remember it takes a minute for the thermometer to give a proper reading and it must be actually on something, reptiles cannot hover in the air.

Encourage the children to be creative and experiment where they put the thermometers. You may even have the children write down where they place the thermometer and what its reading is. Some students will not be able to find a spot that will keep the thermometer within their range. Others may have to keep moving their reptile thermometer to stay within their assigned range, just like a real frog!

Closure:

After ten minutes or whatever time limit you decide, have the children discuss the activity. How do you think a reptile’s day would be different than a humans? What are advantages to being exothermic? What are the disadvantages?

Long Jumpers

Hopping can be a very efficient way of moving from place to place. Frogs have a reputation for leaping that is well deserved. Launched (pushed off) by their long legs, most frogs can move themselves more than 10x their body length in a single jump. (That would be about a 50-foot jump for most humans who were how tall? Have the kids measure it out and see how long that would be.) The longest frog jump on record was made by a frog named Santjie at a frog derby held in South Africa. Santjie bested the competition with a jump of 33 feet 5.5 inches. (Have a frog jumping contest. Which one of your students is the frog champion? How far did they jump?)
The forces needed to make such powerful jumps have a price, think of how good your tennis shoes would have to be to support your feet for a 50 foot jump! Your feet might hurt after jumping off the monkey bars, and that’s only a foot or two. A frog’s body is specially strengthened to withstand the powerful forces and stresses of jumping. The bones of the lower leg—called the tibia and fibia, just like ours—are fused (joined) into a single structure. As this section and the other parts of the frog’s leg straighten out during a leap, huge amounts of pressures are sent through the bones to the heel and foot, which push off the ground. Landing is also really tough on a frog’s body. The frogs’ short spine takes most of the pressure. The vertebrae in a frog’s neck are actually stiffened so that the head doesn’t rock around dangerously while it’s landing and jumping, which would snap its neck. Think of how people’s necks hurt if the car stomps on the brakes and you snap forward and back, now, imagine doing that over and over again, all day! So a stiff neck helps a frog, and the rear vertebrae, what once would have been the tadpole’s tail, form a single long bone called the urostyle which helps strengthen the pelvis, which is where the powerful muscles from the leg that make most of the forward force for jumping are located. Leaping is used most of the time for escape, like when they’re jumping into water to get away from a predator. Frogs can’t run, like you and I can, but they can walk when they want to get somewhere close. In order to walk, they move one leg at a time, on alternating sides of their bodies, so jumping is much faster. (Have students try it, moving right arm, left arm, right leg, left leg, as they move across the floor. Not very fast, huh? Now try jumping. It’s much faster!)
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A frog's two front legs have four toes each, while the back legs have five toes each. Aquatic (water) frogs are likely to have long, strong legs with webbed back feet to help them swim. Many frogs are expert swimmers, using their webbed hind feet as paddles. They work so well that human divers copy frogs and use a man made web foot to help them swim. Yellow-bellied toads not only use their webbed feet for swimming, but also beat them in deep water to create waves in patterns, hoping to attract females.
Frogs that live on land tend to have shorter legs for walking and climbing. Tree frogs have large, round toe pads that help them cling to branches. These toe pads work like suction cups to help the frog cling on to wet leaves and other smooth surfaces, and even sleep. The suction cup-like toes of the nocturnal Red-Eyed Treefrog allow it to sleep while attached to the undersides of leaves during the day. (Show students various suction cups, and have them experiment with them. Option: Get 5-10 suction cups and attach or glue them onto gloves, have students experiment what it would be like to have suction cup fingers like a frog. Do they work best in wet or dry conditions?)
The Costa Rican flying tree frog soars from branch to branch with the help of its feet. Webbing between the frog's toes puffs up with air like a parachute, holding the frog aloft as it sails from tree to tree. 

 Spadefoot toads have hard, horn-like growths on their hind feet. These claw-like "spades" help them dig cool underground burrows in the dry climates where they live. The toad can stay in its secret burrow for days, months, or even a year without eating, waiting for a heavy summer rain. Unlike most animals, spade foot toads dig backwards. While digging with their hind feet, they move in a backward spiral and gradually disappear into the earth. (Watch a spadefoot toad rise and dig at  http://www.youtube.com/watch?v=D4i3AB320zk or http://www.youtube.com/watch?v=ltVI-57oTdM&feature=related) 
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(Origami) Frog Jumping Contest 
Have a frog jumping contest of your own! This is a variation of a well-known origami design. It is fun for kids and not too difficult. Start with square origami paper. Follow diagrams and instructions below.
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Not-Very-Picky Eaters!
 Frogs eat almost any live prey they can find, including insects, snails, spiders, and worms, or small fish. Some larger frogs eat even larger prey: The ornate horned frog of Argentina can gulp up a mouse in one mouthful. All prey gets swallowed whole, because frogs can't chew. If they have teeth at all, they are usually only on the upper jaw, used for holding onto prey and not for biting or chewing. 

Some frogs catch insects with a long sticky tongue. Frog’s tongues are attached to the front of their mouths rather than at the back like humans. When a frog catches an insect it throws its sticky tongue out of its mouth and wraps it around its prey. The frog’s tongue then snaps back and throws the food down its throat. It takes less than a second for a frog's tongue to roll out, adhere(stick) to prey, and roll back into the frog's mouth. High-speed photography shows that frog's eyes shut completely as the tongue is shot out. Since frogs can't see while they're striking, they can only make a catch by taking careful aim in advance. Meanwhile, not all frogs have tongues. Tongueless frogs use their fingers to catch prey and stuff it into their mouths, they have to have fast hands!
Catching fast-moving insects requires good eyesight. Frogs' large eyes see a wide range of colors and also see well in dim light. It's nearly impossible to sneak up on a frog, because their bulging eyes help it to see in all different directions without moving its head. The positioning of the eyes -- on top of head -- allows a frog to sit in the water with only its eyes and nose above the surface.
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Frogs' eyes have a surprising auxiliary (side) function: they help in swallowing. As a frog swallows its prey, the eyes sink through openings in the skull, push down on the roof of the mouth, and this extra pressure helps force the food down the throat. This is why frogs seem to blink as they eat.

Sticky Tongue! 
In this activity, students model how frogs get their food
Materials:

· One frog picture or model

· Party blower that rolls out (1 per student)

· Velcro® dot (1 per student pair)

· Kite string (1-meter/3ft long piece per student pair)

· Felt, 2 cm x 2 cm square (1 per student pair)

· How Many Flies Can You Catch? page (included at the end of this activity)

1. Give each student a party blower, and tell students that the blower represents the frog’s tongue.

2. Divide the class into groups of two and have each pair decide who will be the frog and who will be the fly on the first trial. 

3. Ask the pairs to design a way to show how a frog uses its tongue to get food using the party blower, Velcro® dot, kite string, and felt. 

4. Once they have created the frog and fly, distribute the How Many Flies Can You Catch? chart to student pairs. Ask them to predict how many flies they can catch on the chart.

5.  Using the fly and frog they created, ask students to try to catch a fly and record each attempt whether they are successful or not. After 2–3 minutes, have students switch roles. After both members of each student pair have had a turn, ask them, “How does a frog’s tongue help it to catch food? What adaptation do frogs have that makes their tongue different from ours? What might happen if frogs were to lose this adaptation?”
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Skin

Human skin is often described as a barrier between our body and the world around us, it protects us from our environment. However, to a frog, the skin is it’s interface to the world around it. Frogs' skin is critical to their survival. Through it, they both drink and breathe. Frogs don't swallow water, they don’t need to drink; they get all the moisture they need through their skin, a “seat pouch,” an area of especially thin skin on their bellies absorbs water.  But what goes in can come out again. In order to survive most frogs cannot survive without a ready supply of moisture, whether it’s heavy moisture in the air (humidity) or running water from a stream. If they didn’t have access to enough moisture they would dry out and die. In order to keep that precious water inside them frogs have special glands in their skin that make mucus (slime) that makes a waterproof barrier that slows water from leaving their bodies.

Though frogs have lungs, they are small, and the frogs depend on the extra oxygen they absorb through their skin, especially when they're underwater. For smaller frogs this process, called subcutaneous respiration, is actually the fastest way for oxygen to travel to its body tissues. Gas exchange, in which oxygen passes into the blood, while waste carbon dioxide leaves the body, can take place only on damp surfaces. This is another reason why frogs must keep their skin moist. Otherwise, oxygen can't pass easily through it and the frog suffocates. Remember, their skin makes a kind of mucus in glands that helps keep it moist that keeps water in? Well it helps oxygen pass through too.  Even so, their skin tends to dry out easily, which is why they usually stay near bodies of water. Toads' skin doesn't lose moisture as quickly, so they can live farther from water than most frogs. If they have to, frogs and toads can rely on dew for moisture, or burrow underground into moist soil.

About once a week, frogs shed their skin. The process begins with the frog doing a lot of twisting, bending, and stretching to loosen the old skin. Then the frog pulls the skin over its head like a sweater and -- usually -- eats it. 

(A good discussion  at this point, related to the sidebar, would be having students think why the frog would have such antibiotic substances on their skin. What are their environments like? Why would they develop them?)

Color and Camouflage 

Thanks to fairy tales and children’s stories, most people think of all frogs as slimy green creatures with a long tongue that catches flies. Though frogs are actually really slimy and they really have long tongues that catch insects, most frogs aren’t actually green.
 It is not often realized that natural colors, such as green, are merely an easy way to blend in with a frog’s habitat. Unlike humans, whose melanin (color) in skin cells is more or less fixed (stays the same) frogs have the ability to camouflage themselves. Also, human change in skin color is triggered by an outer factor, usually sunlight. Frogs, however, change their color at their own will as their mood or surroundings change as well.

Skin colors and patterns are protective devices that warn predators that the frog may be poisonous. Some frogs change the color of their skin to absorb or reflect heat and thus control their body temperature. Patterned skin can help camouflage the frog, so it sinks into the background, hidden from predators. There are over 3,000 different species of frogs and toads, sporting just about every color in the rainbow. Shades of leafy green and muddy brown are naturally most common -- these colors help frogs blend in with their surroundings. Solomon Island leaf frogs take camouflage to a higher level: they have both the color and pointed shape of dry leaves, making them virtually impossible to find on leaf covered ground.

Not all frogs try to blend in and hide. This is especially true in the tropics where there are wildly colored frogs of yellow, blue, orange, red, and purple, often patterned with bold stripes and spots.  These bright colors serve as a warning to predators: "Don't eat me; I'm poisonous." So instead of avoiding predators through blending with the background, some frogs turn into reds or blues and oranges. That way, the predators no longer seek them, but avoid them. The tomato frog is bright red, just like a…tomato! It exudes goo from its skin. When a predator bites the frog, the goo gums up the attackers mouth and then the sticky goo spreads across the attackers face, gluing its eyes shut, all while the tomato frog escapes, unseen. Some of the frogs give off this warning, even if it’s not true, they’re using mimicry. Some nonpoisonous species of frogs have adopted the colors of poison dart frogs to trick predators into not eating them, even though they’re perfectly safe to eat. 

Many frogs that look dull and ordinary at first have what are called "flash colors.” These are patches of bright color or patterns hidden on different areas of their bodies, like their stomach, or on the backs of their thighs. For example, the plain brown back of the fire-bellied toad matches the ground on which it spends most of its time. When threatened, the toad exposes its bright red underside. Surprising colors and displays like this can scare or confuse predators into fleeing, or at least startle them long enough to give the frog a chance to make an escape. 

 The Chilean four-eyed frog is most cleverly colored. It has a bright pair of spots on its rump that look like enormous eyes. When seated, the frog's thighs hide these eyespots. But when predators approach, the frog lowers its head and lifts its rump (butt), creating the illusion of a much larger and more intimidating head. 

Predators aren’t the only the reasons for frogs to change colors. (What other reasons can students think of?) The other is natural survival. Remembering art class and the color palette (range of colors), dark colors absorb heat more. Black, brown, gray and dark blues absorb heat more than yellows, oranges and white. Some frogs can change their color, according to light, temperature, humidity, or even mood. Fear or excitement makes many frogs and toads turn pale, but others, like the African clawed frog, darken when disturbed. Also, color change happens within a day. If it’s hot in the middle of the day, frogs turn ivory white or bright yellow to ward off heat. But when the rain suddenly comes or when the cool breeze of the night arrives, frogs turn a darker shade of brown or gray. (Why? To be able to absorb as much heat as they can.)
Another African frog is normally green, but turns white in the heat of the day to reflect heat and keep cool. The tiny African arum frog is ivory white and lives in the white blossoms of the arum swamp lily. When the blossoms die, the frogs turn brown to match. 
 

Color changes like this are created by special pigment cells called chromatorphores. Inside these cells, grains (tiny pieces) of pigment (color) cause color changes by shifting (changing) their distribution (where they are, how thick or thin they are). When the grains are packed together in the center of each cell, the frog is light colored. When the pigment grains spread out within each cell, the frog's color darkens and intensifies (gets brighter). 
Basically, frogs have three types of pigmentation (natural coloring) or chromatophores. One is the melanophore (brown pigment), iridophore (highly reflective (capable of reflecting light) pigment), and xanthophores (yellow pigment). When needed, frogs could put these pigments into use. They could produce a wide variety of shades from brown to grey, and of course, green. In rare species, strong iridophore produces red and blue just the same. These chromatophores are controlled by the frog’s central nervous system and hormones.

At the end of the day, one word packages the reason why frogs change color. It’s not leisure or mood swings or even hormones. It’s all about one word: survival.

Predatory Eyes!

1. Begin the lesson by presenting the students with a box of colored toothpicks. Make sure there are green toothpicks included in with the other colors!

2. Count how many toothpicks there are of each color; write the total for each color on the blackboard.

3. Spread the toothpicks randomly over a large area of grass or green indoor/outdoor grass. If no grass is available, use a bare patch of earth with some tan toothpicks, or a large piece of fabric with a background color the same as one of the colors of toothpicks.

4. Give the students 10 seconds to collect as many of the toothpicks as they can find.

5. Count the number of each color toothpick that the students retrieved.

Compare this to your original count on the blackboard. Which toothpicks were the easiest to find? Which were more difficult? Why? Explain that like we talked about, many animals, like frogs, have colors or markings on their fur, feathers, scales or skin that enables them to blend in with their habitat (the place where that animal lives). Ask the students how this activity shows how camouflage helps an animal survive. Ask for examples of real life camouflage (a motionless green frog at the edge of a pond; a spotted frog in leaves, a leaf shaped frog.).
Classroom Camouflage
1. Give each student a copy of the frog pattern(s).

2. Ask the students to pretend your classroom is a wild habitat. Have them look around the room and select a specific home or habitat for his or her frog.

3. Have each student color his or her animal pattern with markers, crayons or colored pencils so that it will be camouflaged in the habitat they selected.

4.Divide students into groups and have them in separate areas or classrooms. Ask each group to place their animals in their habitat without burying them. The animals must be out in the open, hidden only by their coloring and patterns. Option: Have students write clues (for the other group) to where they hid their frogs and make it a competitive scavenger hunt. Can they find the camouflaged frogs?

5. Have the students from each group try to see how many of another group’s frogs they can find. It’s fun for the students to watch the other group hunt for their frogs, if time allows. If not, the two groups can hunt simultaneously in the different areas/classrooms and the team that finishes first wins. All students must stay together.

EXTENSION

Sometimes an animal's coloring or pattern does the opposite of camouflage. Instead, its markings or colors call attention to the animal. Colors may issue a warning to other species, or may attract members of the opposite sex of the same species (the bright colors of the South American arrow poison frog, or the tomato frog). Repeat the Classroom Camouflage activity by having students create frogs that do not blend in with their surroundings. Since they can't hide, how might they protect themselves from predators? Have students pull sides out of a bag and debate: Pro-Camouflage vs. Pro-Warning colors. What are some of the advantages and disadvantages of camouflage compared to advertising or warning coloration? Then have students switch sides, and argue the opposing point to their original. Try to disallow students from simply repeating what the original debaters said. 
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I predict I will catch flies.

A'H'empfS—Make a mark in this box each time you try to catch a fly.

CGUghT—Make amark in this box each time you catch a fly.

1. How many flies did you catch?

2. How many flies did you predict you would catch?

3. What is the difference between the number of flies you predicted you would catch and
the number that you caught?

4. What are reasons for the difference between what you predicted and what you
caught?





The Power of Poison

What they say about one color is true: It's not easy being green. Frogs face a huge number of predators, yet they don’t have very many defenses. Most frogs don’t have sharp claws and teeth, only a few have spikes, so what do they do? For most frogs, the best defense is to stay hidden. But when camouflage fails, what's a frog to do? Playing dead is a frog favorite; most predators prefer live prey and if they think a frog is already dead, they don’t want to eat it. Other frogs will try to hop away very quickly. Making themselves look bigger or scarier sometimes can save their lives too; the tomato frog of Madagascar puffs itself up like a balloon, making it appear too big to swallow, some toads hold onto their air, making them actually too big to swallow. Many toads burrow in soft dirt when danger threatens, digging backward with their hind legs. (What might be some of the advantages of digging themselves down into the ground with their back legs? The ability to see predators the whole time? What else?)
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For some frogs, their best protection is poison. All frogs have poison glands in their skin. In most cases, these toxins aren't strong enough to discourage predators. (Witness the fact that frogs are a basic food for many animals, including birds, rodents, fish, foxes, and wolves--and people! Deep fried frog legs anyone?) But certain frogs in Central and South America have especially strong poisons in their skin. This is especially true in the tropics where there are wildly colored frogs of yellow, blue, orange, red, and purple, often patterned with bold stripes and spots. These frogs are called poison dart frogs, because native people used the poison from their skins on the tips of hunting arrows and blowdarts. There are about 170 different kinds of poison dart frogs. The most poisonous is the golden poison frog. Remember, these bright colors serve as a warning to predators: "Don't eat me; I'm poisonous." Some of the frogs give off this warning, even if it’s not true, they’re using mimicry. Some nonpoisonous species of frogs have adopted the colors of poison dart frogs to trick predators into not eating them, even though they’re perfectly safe to eat.  Have students test their own predator instincts by having them try super sour candies or super hot ones.  Ex: Warheads®* or Red Hot® candies.  What are their reactions? Some may like it, some may not. Why or why not? Have students verbalize or write down their reactions. Will those who like it will go back for more, just like a predator that’s not affected by the poison, or has a tolerance? Will those who don’t will avoid them, just like a predator that had a bad reaction to a certain prey? Do they like one flavor better than another?

*If you've had   Warheads® before, you know what you're in for. If not, be warned they’re sour! After the sour (10+ seconds of sucking) it has a sweet hard candy underneath. In case you wanted to know: Like toads and frogs,  Warheads® use acids.  Warheads® get their strong sour flavor primarily from malic acid which is applied as a coating to the outside of the small, hard candies. The intense sour flavor fades after about 20 to 40 seconds. The hard candy itself contains the somewhat less sour ascorbic acid and citric acid. At the center of the hard candies is a small pocket of more malic acid. WARHEADS® is a registered trademark of Impact Confections, Inc.
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Toads make use of poison, too. (Ask students how they think toads might use poison and where it might be located.) Behind their eyes they have a pair of poison glands, called parotoid glands. When the toad is threatened (scared), a milky poisonous fluid oozes (leaks out) from the glands. The poison is stronger in some toads than others, but even in its mildest form it causes a burning sensation if it gets in the eyes or mouth of a predator. The stronger poisons can also cause muscle spasms (muscles to clench tightly), heartbeat irregularities (your heart doesn’t beat steadily) , and breathing trouble. As scary as this may sound, it doesn't mean that you have to run far away at the sight of a toad in your yard. Just wash your hands afterwards, and be careful not to touch your eyes or mouth before you wash.
Frogger! 
Once students have a simple understanding of warning coloration, mimicry, and poisons, introduce the following activity.

Materials:

· Orange survey/flagging tape

· Permanent Marker

Frogger is a game of tag, in which some of the students will be birds (i.e predators) and the rest will be a mix of poisonous or nonpoisonous frogs (i.e. prey). 

To begin, select five to seven students to be snakes/birds. Assign the rest of the students to be frogs. The frogs' object is to move across a “pond” without being eaten. If a predator tags and "eats " a frog, however, the frog must sit down. Privately tell some of the frogs that they are poisonous. I f a bird eats one of them the frog must not only sit down, but must tell the predator to sit as well. Tell the birds that their objective is to eat (i.e., tag) as many frogs as they can without getting “sick" and having to sit down. 

Once everyone has a role, take the students into the schoolyard. Select an area about 30 yards long with two ends. Line the frogs along one end and the predators in the middle. At this point none of the frogs have any warning coloration, so the predators will not know which ones to avoid because they are poisonous. Blow a whistle to have the frogs start their journey across the pond. When all of the frogs reach the other end or are sitting, blow the whistle again to stop the game. Have the students count the dead frogs and the sick predators. After the students have tallied the outcome of the round gather the frogs at one end of the field and have all the predators return to the center. Reassign the frogs as poisonous or not and repeat the journey across the pond . 
After several similar journeys across the pond pause and ask the birds whether it is difficult to determine which frogs are poisonous. Ask the frogs whether there is any advantage to being poisonous or any disadvantage to being nonpoisonous. 

Now give some frogs a strip of orange flagging tape to carry. Explain to everyone that only the frogs with the flagging are poisonous. Then restart the journey across the pond. 

After each round, have the students count and record the number of dead frogs of each type and the number of sick predators. After a few rounds, ask the students the same series of questions. Students should realize that the addition of warning coloration has made the game safer for predators and for poisonous frogs. The nonpoisonous frogs however, may feel more vulnerable than before. 
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Redistribute the flagging, but this time give some of the frogs flagging marked with permanent marker so that it appear s a little different from the plain flagging on close examination. Explain to the predators that there are now THREE types of frogs: poisonous frogs with plain flagging, non-poisonous mimics with marked flagging, and edible frogs with no flagging. Restart the journeys across the pond, again stopping after each round to count. Stop the game after a few more rounds and ask the same questions. 
Students will soon realize the advantage of mimicry. For the final set of rounds give all the frogs flagging but make sure that most of them are mimics and only a few are poisonous. Restart the journey across the pond. After completing the last rounds ask the students what they have learned about how warning coloration and mimicry work. When is it easiest for the predators to forage (eat) safely? When is it most difficult? When did the different types of frogs feel safest or most vulnerable? Soon students will begin to understand that warning coloration and mimicry have advantages, but there are also limits. 

Predators likely ate similar numbers of poisonous frogs in the first and last rounds, for example, even though the frogs in the last rounds had warning coloration. This should teach students that poisonous animals lose the advantage of warning coloration where there are too many mimics. When models (the original poisonous animal) are less common than their mimics, predators encounter more edible mimics than poisonous models and instead of learning to avoid brightly colored animals; they learn that they are a tasty source of food.
Solitary Lives
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A frog’s life is a simple one, with a short list of needs: water, food, warmth. Frogs don’t need to cooperate with other frogs in order to have these and so they are mostly solitary creatures, with little social life to speak of besides the breeding season. The only time frogs pay attention to each other is when it is time to breed, and then it’s a race to find the best mates. 

Frogs are amazing musicians. If you live near a pond and listen on a spring night and you'll hear a chorus of croaks, twitters, chirps, buzzes, and trills. Generally, it is the male frogs who sing, though there are exceptions: The South African clawed frog indicates her interest in a suitor with loud clicks.

Frogs make their calls with the help of voice boxes, or the larynx. The voice box contains muscle fibers that vibrate when air is forced over them on its way from the lungs into the vocal sacs and makes a unique sound. Both male and female frogs have voice boxes but most of the time only the male has muscle fibers large enough to make loud calls. Some, but not all, male frogs also inflate the balloon of skin on their throat, called a vocal sac, some have more than one, while calling. The vocal sacs work like echo chambers to amplify the sound. Some frog calls are so loud, they can be heard up to a mile away. 

With any luck, the females are listening. Frogs' ears, called tympanum, look like two flat circles behind the eyes. (In some frogs, the tympanum are very small and hard to see.) The size of the tympanum and the distance between them determine which sounds a frog will hear best. In this way, frogs ears are "tuned" to hear the calls of their own species. This helps the females identify and locate the males of her species—which could be really hard in a noisy pond packed with all different kinds of frogs and toads singing their hearts out. Rather like being stuck in the middle of a marching band and trying to hear only the flute! If she’s interested, she’ll hop toward the calls of her chosen mate, pausing every now and then to make sure she’s headed in the right direction. A large male will often try to be the only caller in the area by bullying all the smaller males away. Some males are sneaky though and wait, while the big male does all the calling, and wait until the female gets close, and tries to steal her away, but jumping faster than the male.
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The culmination of all this cacophony (noise) is amplexus, which comes from the Latin word for “embrace” and that’s just what happens. When the male frog climbs onto female's back, hanging on to her with his front legs. As the female lays her eggs, usually into water, but not always, the male releases sperm that fertilizes them. Fertilization, in which an egg and sperm combine to make a genetically unique individual, happens outside the frog’s body. This embrace can last minutes or hours, depending on the species (type of frog). In some species, like the harlequin toad, it can last several days or even weeks. The male makes a sticky mucus that glues his belly to the female’s back. In cold-water species of frogs, they tend to lay their eggs in globular (big round) masses of jelly, in warm water frogs tend to lay thin layers of eggs instead. There may be anywhere from one to hundreds or even thousands of soft, jelly-covered eggs. Of these, only a very few, if any, will survive the difficult cycle to adulthood as many creatures find frog eggs make a delicious snack!
Where o where has My Sweet Frog Gone? Where O’ Where Can She Be?

Materials:

· Frog pictures (matching game)

· Frog shakers (film canisters)

· [image: image48.png]Family
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paper clips, sand, pennies, pebbles, beans, etc

· Frog calling materials (rocks, balloons, combs, jingling bells, rubber band/cups)

Discuss: Why do frogs call? (why do birds sing?)

· To attract a mate

· Warn away other males from their breeding site

· Warn of danger

Matching Game: Frog mating game – by sight 
Students are given a laminated frog card and must find each other by sight. Q: Is that how male frogs 

really find female frogs? No!

Frog Calls: Frog mating game – by sound. 
Using film canisters (each pair of film canisters is filled with a variety of materials, such as paper clips, sand, pebbles, beans, etc.), students must find their partner who has a canister with the same sound. 
Q: Do all frog species sound the same? No! How do breeding frogs find a mate? By sound.

 Frog Band: Frog chorus to simulate timing of frog breeding calls. 
Assign groups of 3-4 students to be the various species of frogs. Teach them their “call” using the props provided (rocks, balloons, etc.). Arrange students in a circle. You will be the “conductor” telling each species when to begin and end their calling. Q: What do you observe about the calling of frogs---do they all call at once in the spring? No! Do they all call for the same period of time? No, wood frogs call for the shortest period and spring peepers call for the longest period.

Body Changers: The Long Journey from Egg to Frog
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 The eggs or frogspawn are surrounded by jelly, which absorbs water, swells up, and floats to the surface of the pond where the sun warms it. (Have students try warm tapioca pudding, many people say it’s the same consistency as frogspawn. Yum!) Frogs eggs hatch anywhere from three to 25 days after they are laid. Most hatch not into frogs, but into fish-like tadpoles (also called polliwog, pollywog, or porwigles), complete with gills and a tail. The good thing is that tadpoles live in a completely different habitat than their parents, and so they aren’t in direct competition for the same foods. This means that the huge number of tadpoles made by a pair of frogs doesn’t impact their parents survival, since they aren’t going to be fighting for the same food. As a result the average frog couple can have hundreds, if not thousands of eggs. But because there are so many, and not enough food to feed them all, only the strongest, and luckiest, survive. 

At first the tadpole breathes and moves like a fish, using its gills and long tail, but after about five weeks the gills disappear and the tadpole develops lungs. It then has to swim to the surface of the water to gulp air. Round neckless creatures, tadpoles have fleshy (fat) lips with rows of teeth. Tadpoles have to eat like crazy in order to fuel their metamorphosis into frogs. Tadpoles are so hungry they see everything as food; they'll eat plants, decaying animals, and sometimes even frog eggs and other tadpoles. 
[image: image50.jpg]


Stranger Danger! 
 If you are a tadpole, sometimes it pays to watch out for other tadpoles. That’s because you might think the tadpole next to you is just a friendly cousin, but the tadpole next to you may secretly be a cannibal (something that eats members of its own species)—and you could be its next meal. The tadpoles of some toads and frogs, for instance, can morph (change) from gentle plant eaters to fierce cannibals if their pools threaten to run dry. By becoming meat eaters that snack on other tadpoles, the cannibals speed up their development, trying to transform into toads before the water runs out.
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 Spadefoot toads, for example, live in dry areas. Adults wait to lay their eggs until temporary (short-term) pools are formed by infrequent (doesn’t happen often/rare) rainstorms. Though the tadpoles take only two weeks to develop into toads, sometimes the pools don’t last that long. The tadpoles get a tip that the pools are shrinking when they start bumping into each other and fairy shrimp, insect-like animals that also thrive (do really well) in puddles. If a tadpole eats one of the shrimp, it can spark a transformation (change) into a full-fledged other-tadpole-eating cannibal. Even the cannibals can be somewhat careful about their diets (what they eat); scientists have found that in some species, the cannibals generally avoid eating their brothers and sisters, preferring to eat unrelated tadpoles instead. Exactly how they tell the difference between family member and stranger isn’t known. 

Staying Safe
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It might not seem like a tadpole is very tough, except to another tadpole, but tadpoles can also undergo other types of changes when conditions change. Some, for instance, change color and start producing (making) a distasteful (nasty tasting) [image: image53.jpg]


chemical when one of their brothers or sisters is eaten by a predator. The dying tadpole releases (lets out) chemicals that warn other tadpoles that a predator is nearby. Within hours or days, nearby tadpoles turn bright colors, which, like a living billboard, warn predators that they don’t taste very good. It’s a change that helps ensure their survival.
Becoming a Grown-Up
Metamorphosis usually takes several weeks. Species that breed in temporary ponds may develop more quickly than this, for if the pond dries up too soon, the underdeveloped tadpoles will dry out and die too. By contrast, bullfrog tadpoles may take several years, yes years, to grow into frogs.

The changes begin when the hind legs sprout, they are the first to appear and are well formed before the front legs show up. Soon after, lungs develop and the front legs appear. Once a tadpole has grown four legs it is able to come on land, since its gills have almost shriveled away and it can breathe in the air. However, having a tail is usually not very helpful and makes it hard for them to move on land, so a tadpole usually stays in the water until it becomes a fully formed froglet. 
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At twelve to fourteen weeks the tail is finally completely absorbed back into the body and the tiny froglet is ready to leave the water. The tail bones it had don’t just disappear, they fuse into a long shaft called the urostyle which stays inside the frog’s rump and provides support for its pelvis. Just before finally becoming a froglet, the tadpole's gills completely disappear. The tiny froglet comes out of the water with just a stump of a tail, which soon disappears. For many species, it will take three years before the froglet reaches maturity and the cycle starts all over again. 
Once it has lost its tail and developed legs, a froglet still has a lot of growing up to do. Most stay close to the water source where they grew up and this is often the place where they first start to hunt for prey. In general, there is still a lot of development to be done before a froglet can survive all by itself on land.

While this process may seem strange, it really isn’t all that different from the development of other vertebrates (animals with spinal columns and bones on the inside). Land vertebrates from frogs to human actually go through a similar sequence of forms. All vertebrate embryos, including you and me, have gill slits, or clefts in their necks during their early development. The difference is that most of the development of birds, lizards, mammals, and you and I, happens when we are still hidden from view by an egg, or while we’re in our mothers. Amphibian embryos become independent from their mothers and eggs while still in their gill breathing form, the subsequent forming of lungs and legs happens during the tadpole phase while lizards; birds; and mammals, like humans, do this as embryos, before we are born.

Game: Me and You, Metamorphosize! 

Metamorphosis is the change that takes place inside and outside of an animal or insect. These changes happen for one important reason––to prepare it for a change in where and how it lives. Metamorphosis 
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= double life. Metamorphosis allows larvae (young) and adults to live in different places and eat different things, so that they don’t compete with each other for living space, shelter, or food. Compare to human children & adults. Do we go through metamorphosis? No! Chemicals (hormones) in body trigger metamorphosis.

1. Have Students huddle together as an egg mass. 
2. Group begins to separate as eggs hatch.

3. Each student moves about alone with feet together and hands at their side.

4. Legs start to grow – students now shake both legs and begin moving with legs apart, hands still 

at their sides.

5. Front legs appear – students wiggle arms from elbows down, upper arms still touching sides. 

6. With big eyes bulging out and now breathing with lungs, students gather at edge of pond.

7. Metamorphosis is complete! The little froglets hop out of the pond.

Can they remember it on their own? Can they do it faster? 
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Option: Play it as a game where you call out the stages and they have to do the action. The last one to do it, or those who do the wrong action, sit out until the last frog standing wins.
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Swamp Juice: Dancing Tadpoles and Tasty Frogs
Image and Idea credit:  modified from a recipe found at FamilyFun.com. 

Filled with gummy creatures and frog eggs made from tapioca pearls, this sweet, bubbly drink looks like something scooped up from a deep, dark bog, perfect for a simple frog life cycle.
Ingredients:

· Tapioca (“frog eggs”) 
· Gummy frogs or toads 
· Raisins (“tadpoles”)

· Food coloring

· Clear Citrus Soda

· Lemonade 

· Clear Cups

· Gummy fish (optional)

· Gummy worms (optional)

· Fruit chews (ex: Starbursts)
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Color the Eggs: 
Divide the tapioca between two bowls. Add 4 drops of food coloring (ex: use 3 drops of yellow and 1 drop of green in one bowl, and 4 drops of blue in the other) to make them appropriately frog egg like.
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Assemble the life cycle: Have students spoon 2 tablespoons of tapioca (eggs) into their/each glass and (optional) drop in a gummy fish. Fill the glasses with clear citrus soda, and then add a splash of lemonade, to make it swampy. Add the raisins and have students watch the tadpoles dance. When the tadpoles are tired, place a gummy frog at the edge or in the glass to complete the cycle. Option: To “feed the frog”, have students place a gummy worm around a spoon as shown, and then enjoy!
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Tip: If you can’t easily find gummy frogs, have students model them out of fruit chews and maybe they can “cling” to the top edge of the glass.
Instead of raisins, tadpoles and froglets can also be modeled out of fruit chews and/or tootsie rolls, though, be warned, they might not dance.
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Tadpole Transformation
Idea and Image Credit: Frogs Scholastic Professional Books

http://teacher.scholastic.com/lessonrepro/lessonplans/profbooks/tadpole.pdf. All Rights Reserved. Accessed 10/6/11. 
Remind students of a frog’s metamorphosis, the process of changing from a larva (tadpole) into an adult (frog). Meta means “change” and morph means “shape.” In this activity students make a paper tadpole puppet that turns into a frog and learn the meaning of the term metamorphosis.
Materials:

· Copies of the tadpole sheet for each student

· Crayons/markers/colored pencils

· Scissors

· Brads

After kids have colored the frog and tadpole body parts, the spots marked with an asterisk show where to punch holes for the paper fasteners. Guide students through the stages of assembling the tadpole and frog:
1. Attach the tail to the body as shown to make the tadpole. 
2. Attach the two hind legs in the same place as the tail.
3. Attach the two front legs.
4. Remove the tail to make the froglet.
Invite students to arrange puppets in various stages of frog development and line them up in the correct sequence.
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Frog Life Cycle Art
Have the students use the following templates to create their own modern art frog life cycle, either using them as templates, tracing the basic shapes, and using paint, markers, or scrapbook papers to decorate the frogs, putting in the toes and outlines with black markers, or decorating the templates themselves. Note that the frog life cycle shown is a generalized one. Some frogs, such as tree frogs, do not go through all of the phases shown in the diagram or develop in a slightly different manner.
Option: Have students create their own “above and below” the surface modern art pond scene using interesting colors and shapes with paint, crayons, markers, or construction paper shapes and place their life cycles around the pond.
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Parenthood
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Like we’ve talked about, most frogs lay thousands of eggs and then abandon them, leaving their fates up to chance. But some frogs have developed more careful approaches to parenthood. The marsupial frog keeps her eggs in a pouch like a kangaroo. When the eggs hatch into tadpoles, she opens the pouch with her toes and spills them into the water. A Pipa pipa, a Surinam toad, carries her young embedded in, actually stuck into, the skin of her back, where they develop until hatching fully formed.

The gastric brooding frog of Australia swallowed her fertilized eggs. The tadpoles remained in her stomach for up to 8 weeks, until they crawled out of her mouth as little frogs. During the brooding period, her stomach stopped making stomach acid which is a good thing! Otherwise she would digest her own offspring (unfortunately, this amazing species is now believed to be extinct.) 
Among Darwin frogs, it is the male who swallows and stores the developing tadpoles--in his vocal sac. Darwin’s frog has a large vocal sac, extending from beneath the throat, over the belly, to the groin. Maybe that’s what they mean when they ask if you have a frog in your throat! (Have students watch it in action at http://www.arkive.org/darwins-frog/rhinoderma-darwinii/video-09b.html )
[image: image68.wmf]Midwife Toads attach the fertilized eggs to their hind legs. The male carries the eggs around this way for about a month, sometimes dipping them in water to keep them moist. When the eggs are ready to hatch, he brings them to a pond and releases them. In the Seychelles, there is a male frog that carries its young around on its back until they become adults. Imagine if a human dad or mom had to do that? That could get heavy fast!
Barking frogs, which live on rocky cliffs in Texas, are equally devoted fathers. (This toad-like frog is so named because it has a voice like the yapping of a small dog.) After the female lays her eggs in a protected crevice, the male fertilizes and then guards them. For four or five weeks he waits by the eggs, keeping them nice and moist with his urine (pee) when they become too dry, until finally the froglets emerge. 
Dying Out 
Life is short for a frog. The majority of them die as tadpoles, eaten by fish, insects, and even other frogs. If they make it through their youth, most don’t live to see their third year, though some live for a decade or more. In the wild, most frogs live for just a few years, though the longest-lived species, the tailed frogs of the Pacific Northwest, live for 20 years. In captivity, well-cared-for frogs can live for 10 or even 20 years. One toad reportedly lived for 36 years under the front steps of a house in England. [image: image69.jpg]


This toad is said to have been so tame that often came out to be fed and get a nice back scratch, rather like a cat.
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Remember, a frog’s life is a simple one, with a short list of needs: water, food, warmth. Frogs don’t need to cooperate with other frogs in order to have these and so they are mostly solitary creatures, with little social life to speak of besides the breeding season. The key to survival for many is simply staying out of sight. Sadly, this may be happening too well, and through no desire of their own. 
Frogs may have once lived with the dinosaurs, but all too soon they may share their fate, complete extinction. Because of the porosity of their skin, they are much more vulnerable to environmental changes and therefore often serve as an early warning system about pollution and environmental health. Over the last several decades, amphibians around the world have been disappearing.  Dozens of species have vanished entirely; others are simply becoming harder and harder to find.  In Yosemite National Park in California, three of the seven native frog and toad species are gone, while the population of the remaining four species is dropping. Ten frog species have disappeared from Australia, including the Gastric brooding frog, which hasn't been seen since 1982. In Monteverde, Costa Rica, golden toads which once congregated by the hundreds haven't been seen since 1990. Meanwhile, deformed frogs with missing or extra legs are turning up all over the United States. 

 There may be several factors working to harm the world's amphibians. Among these are climate changes, including global warming and thinning of the ozone layer. Destruction of habitat is certainly a problem; when rain forests get chopped down and marshes get filled in, frogs are left with nowhere to go. Pollution is also probably connected to the decline. Since frogs absorb water directly through their skin, they're especially vulnerable to water pollutants like pesticides and acid rain.

[image: image71.wmf]A recently-discovered skin fungus may also be responsible. This fungus is believed to slowly suffocate frogs by attacking the skin through which they breathe. The fungus works like a parasite that makes it difficult for the frogs to use their pores, quickly causing them to die of dehydration. It has been linked to the extinction of amphibians from Australia to Costa Rica. It has been found in the bodies of dead and dying frogs of various species all the way from Panama to Australia. Chytrid fungus (Batrachochytrium dendrobatidis) is a major contributor to the decline of amphibian populations around the world, threatening many species with extinction. This type of fungus doesn't normally attack frogs, a fact which leads some scientists to think that the frogs are being weakened by other environmental stresses and made more vulnerable. As one scientist, Dr. Mendelson, said, “Realize the precedent [example] that amphibians are setting here. A disease that we did not know existed, and we don’t from where it came, and we don’t know how it gets around, is working its way across an entire vertebrate class, eliminating species at an incredibly accelerated pace — and we can’t stop it.” Just where the fungus came from is a bit of a mystery, but the reigning theory at the moment points to the African clawed frog, which carries the fungus on its skin but is immune (unharmed) to its effects. (What could this mean for humans? Could something similar happen? Has something similar ever happened? Ebola, AIDS, bubonic plague? Is this happening to other animals? Bird flu? Fish diseases?)
That type of frog has been brought around the world in recent decades because (here’s an ironic thing) it is evidently quite helpful in biology research — and also because it was handy for performing human pregnancy tests in the 1940s (much the way rabbits were used in earlier years). Injecting the frogs with the urine (pee) of a pregnant woman makes the frog make/produce eggs. Not pregnant? No eggs.
In any case, researchers think that the wide distribution and handling of the African clawed frog may, over time, have brought the fungus into many environments where it had never been before and where the local frogs are not immune to it, and so die from its effects.

The toll so far is striking. Some 170 species of frogs have become extinct in the past decade, whether from the fungus or other causes, and another 1,900 are imminently threatened, meaning they are almost gone. And it’s not just frogs, roughly one-third of the planet’s 6,000 species of frogs, toads, salamanders, newts and worm-like caecilians may now be on the brink of extinction because of a disease spreading like wildfire among them.
Frogs are considered "indicator species," that means they are the first to be affected by harmful changes to their environment and we might notice changes in them before notice the changes in the environment. The dropping numbers of frogs may be a warning to us that our planet is becoming unlivable. No matter what's behind it, the disappearance of frogs is cause for concern. With a combination of conservation and study, hopefully we can help keep frogs hopping for another 190 million years. 
Have students research and provide information on an issue, ex. the plight of the frog, and debate it and possible solutions.  Students will be assigned/choose a role and will prepare a debate using the information they’ve learned as well as anything else that they may discover in cottage magazines, newspapers, and library books.  (Option: They can create a poster illustrating their three main points.) Tell students, to address the chosen issue, the science council has called a meeting in which a panel has been set up.  This panel of three will listen to all of the arguments and make a decision. Compose a panel of student "Council Members."
Other Sample Debate Issues:

· Are frogs important to the environment? Why or why not?
· Should frogs be used in animal testing and science research (ex: pregnancy tests and/or anti-biotic research)? What’s the difference between the two?

· Should government money be spent on conservation of frogs? Why or why not?
· Should potentially harmful foreign frogs and turtles be allowed into the country? What about those ethnic groups that traditionally eat frogs and turtles? Should they be deprived?  What about for research? Example CON argument: “Humans ship hundreds of millions of animals around the world each year, for pets, food, bait, lab research, and for use in zoos. Unfortunately, animals are often either purposely set free in their new environment, or they escape. Many of these invasive species adapt to their new environments, where they reproduce and become established. These species can predate upon native species, out-compete native species for food resources, and spread infectious diseases to native populations. Invasive species are one of the most serious threats to native wildlife worldwide, as they are incredibly difficult to eradicate from the wild once they become established. On top of driving native species to dangerously low numbers or to complete extinction, invasive species cost humans billions of dollars each year in environmental damage.” BUT… So many diseases have treatments and/or cures because of animal testing… in addition to the success of well, successes, even the failures--those medicines that looked good in cells culture, but ended up having toxicity issues that were caught in animals before they were put in humans have helps. Insulin was not created using animal testing (no medicines or vaccines were), but their efficacy (i.e. the fact that they worked) and lack of toxicity (i.e. were not harmful) were established in animals before they were put into humans.
· Should samples of frog species be held in captivity until a cure for the fungus is found? Why or why not?
Some ideas for different roles/perspectives are outlined below.

· Pet Store Owner

· Park Warden

· Research Scientist
· Company owner
· Home Owner 1: You own a new home near a pond/rainforest/river.  You have recently spent a lot of time and money changing it into a second home.  You are now planning to remove the natural vegetation and rocks surrounding the home to plant sod.  You want all frogs and toads killed, or at least moved far away, because  you think they might harm your children and pets, or bring in predators like snakes.

· Home Owner 2: You own a small cottage in a semi-isolated area of.  You enjoy the natural beauty and peace of the area.  There is a lot of wildlife around your cottage. These include butterflies, birds, frogs, toads, and sometimes even larger animals.  You have recently taken up photography to capture these beautiful creatures on film.  Although you respect the wildlife, you are afraid of the frogs because of the many false stories you have heard (they chase you; you will get poisoned; frogs will avenge the death of their mates, they will bring in predators).

· Local Politician: Cottagers and tourists bring a lot of revenue into your town, particularly during the summer months. You feel the recent negative publicity surrounding frogs being noisy  in a local park may deter visitors and deprive your town of tourist dollars.  You want all the frogs captured and moved somewhere else.  If that fails you think the frogs should be killed.  You also do not think newspapers should publish stories about frogs, whether positive or negative.
Frog...Dissection?
In high school or middle school students are often required to perform frog dissections in Biology class. Students who cannot perform the actual frog dissection, such as when the resources are not available, can use these alternatives to learn the parts of the frog. Keep in mind, there is no substitute for actually viewing and getting your fingers on the real structures on and in the frog and having the real experience of dissection but between the two virtual dissections, and/or the following activity students should have an excellent idea of how frog dissections are performed and the parts of a frog. (Have your students discuss and debate frog dissection. Are they for or against actual frog dissection? Why or why not? What are the benefits of actually dissecting a formerly live frog? What are the benefits of using computer simulations or paper diagrams?)
Virtual Dissections:

· MHHE Virtual Lab http://www.mhhe.com/biosci/genbio/virtual_labs/BL_16/BL_16.html
· Frog Guts Virtual Dissection (Press Demo in the upper right hand corner): http://dissect.froguts.com/
Making a Frog Sandwich

For the students who ask, "Will we get to dissect in Biology?" or those who ask "Do we have to dissect in Biology?," the Frog Sandwich lets students choose how they will learn some comparative anatomy. The Frog Sandwich is a 5 page frog-shaped booklet of drawings depicting frog exterior dorsal view, skeletal system, internal organs, ventral muscles, and exterior ventral view. On each page, students color and label the organs, then cut out the parts and assemble their Frog Sandwich booklet. 
Option: Students exchange frogs to check, correct, and "sign off" each other's work.
Materials:

· Print 1 booklet for each student Be sure to have a page for external anatomy (dorsal view); skeletal system (dorsal view); digestive system, urogenital system, circulatory system, muscular system (ventral view); and external anatomy (ventral view.)

· sets of colored pencils, scissors, magic tape to attach organs, stapler

· reference books or class room charts showing labeled frog anatomy
· Student instructions sheets
Making a Frog Sandwich
Student Instructions

To make your Frog Sandwich, you will need to label and color the organs, bones and major systems of a frog. You will then need to cut parts out and glue them together. All the information you need is in this packet and in the other resource materials provided.
Frog Body / Dorsal View: 

The frog body consists of a head, trunk, forelimbs and hind limbs. The dorsal view (Figure 1) 

shows what a frog looks like laying on its stomach. Label and color these parts of a frog’s body: 

1. eye 

2. nictitating membrane 

3. nostril 

4. tympanic membrane 

5. head 

6. trunk 

7. forelimb 

8. hind limb

Skeleton: 

Frog skeletons consist of bones, cartilage and connective tissue all of which function like our 

skeletons to protect internal organs, support our bodies and allow to move. Find Figure 2, and label 

and color these parts of the skeleton: 

1. upper jaw 

2. braincase 

3. phalanges (forelimbs) 

4. metatarsal bones (forelimbs) 

5. humerus (forelimbs) 

6. radioulna (forelimbs) 

7. phalanges (hind limbs) 

8. metatarsal bones (hind limbs) 

9. tarsal bones (hind limbs) 

10. tibiofibula (hind limbs) 

11. atlas, dorsal and sacral vertebrae and urostyle, found in the trunk

Nervous System: 

The nervous system (Figure 3) has two major functions – to inform frogs about their internal and 

external environments (also known as stimuli) and to help frogs respond to those stimuli (also 

known as motor response). Label and color these parts of the nervous system:

1. olfactory lobe 

2. cerebrum 

3. optic lobe 

4. cerebellum 

5. medulla oblongata 

6. olfactory, optic, facial and auditory nerves, also known as cranial nerves 

7. hypoglossal, brachial plexus and sciatic nerves, also known as spinal nerves 

Circulatory System: 

A frog’s circulatory system consists of its heart – a muscular pump – and the arteries, capillaries 

and veins – the network of vessels through which its blood flows. Label and color these parts of the 

heart and circulatory system (arterial) on Figure 4: 

1. left atrium 

2. right atrium 

3. ventricle 

4. carotid arch 

5. pulmocutaneous arch 

6. systemic arch 

7. dorsal aorta 

8. urogenital artery 

9. common iliac artery 

Now cut out the circulatory system – veins diagram (Figure 5) and glue it onto the next ventral view of your frog (Figure 6). Now label and color these veins: 

1. femoral 

2. pelvic 

3. abdominal 

4. pulmonary 

5. musculocutaneous 

6. external jugular 

7. internal jugular

Digestive System: 

The digestive system includes the alimentary canal which runs from the mouth – also called the 

buccal cavity – all the way to the cloaca. This system processes food and waste, and includes a 

variety of parts. 

The tongue is used to catch prey. Vomerine teeth are used for holding prey until pressure – supplied 

in part by eyes turned inside out – can push food down a frog’s throat. The esophagus conducts food 

through the body cavity on its way to the stomach, a saclike receptacle used for storing food, although 

some digestion does take place there. 

The stomach narrows to become the small intestine, which digests food further, before merging with the large intestine, which absorbs water and packages fecal material. The large intestine opens into 

the cloaca, which empties wastes from the body. The liver receives nutrients from the intestines, 

then stores and releases them as needed. The liver also produces bile, a substance which allows fats 

to be digested. Bile is stored in the gall bladder. Other enzymes in the pancreas also assist in the 

chemical digestion – or breakdown – of fats, proteins and sugars. The spleen breaks down old red 

blood cells and produces new ones. 

Cut out the digestive system (Figure 7) and oral cavity (Figure 8) and glue these parts onto the next ventral view of your frog (Figure 9). Now label and color these parts: 

1. tongue 

2. maxillary teeth 

3. vomerine teeth 

4. internal nostril and auditory orifice 

5. pharynx 

6. glottis 

7. esophagus 

8. stomach 

9. small intestine 

10. large intestine 

11. cloaca 

12. liver

13. gall bladder 

14. pancreas 

15. spleen

Urinary System / Male Reproductive System: 

The urinary system filters out chemical wastes the body can’t use. Made up of thousands of tiny 

tubes, or tubules, the kidneys filter fluid waste, or urine, from the blood. Tubules deliver urine to the 

bladder, which stores it until it is released to the cloaca, which empties it from the body. 

In the male reproductive system, the testes produce sperm, which are also discharged from the 

cloaca.

Cut out the urinary system male reproductive system (Figure 10) and glue it onto the next ventral 

view of your frog (Figure 11). Label and color these parts: 

1. kidney 

2. bladder 

3. cloaca 

4. testes 

Urinary System / Female Reproductive System:

In the female reproductive system, the ovaries hold eggs, which migrate through the oviducts to the 

uterus where they are stored. Eggs are released from the uterus to the cloaca where they are discharged from a female’s body to be fertilized by a male’s sperm. 

Cut out the urinary system and female reproductive system (Figure 12) and glue it onto the next 

ventral view of your frog (Figure 13). Now label and color the following parts: 

1. kidney 

2. bladder 

3. ovary / eggs 

4. oviduct 

5. uterus 

6. cloaca

Anatomy of a Frog
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Chalk Frogs

Project inspired by a project created by Patty Palmer at Deep Space Sparkle: http://www.deepspacesparkle.com/2009/03/chalk-pastel-lizards-for-fifth-grade/. Accessed 10/4/11. All Rights Reserved.

Demonstrate your strategy for drawing frogs on a white board or sheet of paper. This is the key to the success of the piece. You don’t have to draw well, and there isn’t really a wrong way to draw a frog, but it helps to draw things in order. Ex: always start with step one: with a black oil pastel, draw a circle for the eye. Teach them to draw lightly at first, then trace over all the “good” lines they want to keep with a darker line.
Then bring out the chalk pastels and let the kids go wild. The more colors the better. You may want to have images of different frogs on the board, and each student can pick their favorite for inspiration. This can be hard to do. Not every child will be successful unless you can provide some basic instruction (see above). Using chalk pastels, have students color in everything. You may want to have them to start with the animal because it’s the most exciting, but it really doesn’t matter. Use one finger to smudge the colors all the way to the black oil pastels. Of course, the final step is to take the black oil pastel and go over all the original black lines again. This is the key for really making the piece stand out and even the smallest kids can trace, so this is a fairly easy way to finish up a project and make it shine.
Tips: Black paper always yields more intense results than white. 
Very basics of frog drawing: Draw an apple shape for the body, and add two circles for the eyes. Put in two football shapes for the legs. Draw the arm shapes and the webbed back feet. Add curved lines for the leg details. Draw small circles for the eye pupils. Add hand shapes, and draw circles for details on the skin. Put in curved lines for the mouth, back feet, and eyebrows. Congratulations! You've learned how to draw a frog.

Frogs and Toads: What's the difference?


Actually, technically speaking, toads are frogs. Both are members of the order Anura, a group that experts usually refer to simply as frogs. Within this large group, the name "toad" is given to those with dry, warty skin and short hind legs for walking instead jumping. Meanwhile, those with smooth, moist skin and long, strong, webbed hind legs for swimming and jumping are called frogs. In general, frogs live in moist climates and lay their eggs in clusters, while toads live in drier climates and lay their eggs in long chains. But be warned: deciding whether it’s a frog or a toad you’ve spotted isn’t always so easy. For example, there are frogs with warty skin, and toads with slimy skin. Many species fit equally well into both categories.





What’s a Frog ever done for me?


What have frogs done for you lately? Well, to begin with, frogs eat insects that we consider pests and sometimes more than pests. A dwarf puddle frog can eat up to 100 mosquitoes in one night.


Frogs also provide us with food. Frog legs are popular food throughout Europe, as well as in the southern United States. (They're said to taste a lot like chicken.)


Because frogs' internal anatomy is similar to that of higher animals, they're often used in medical research, for example, to test new drugs. Meanwhile, students learn about anatomy by dissecting frogs, though computerized "virtual dissections" are gaining popularity, since people don’t always like slicing into the real thing.


Frogs' skin is a pharmacological smorgasbord, meaning that it contains a huge number of interesting compounds. Chemicals recently isolated from the skin of a South American frog have led to the discovery of a pain killer that is more powerful than morphine, yet also less addictive, so it’s safer for people, meaning you.





Did You Know?


Frog bones form a new ring every year when the frog is hibernating, just like trees, and whale earwax do. Just like scientists count tree rings, or whale earwax ball layers, to tell age, scientists can count these rings to discover the age of the frog, of course, also like with the trees and whales, they can only count them if the frog has died.





Close up image of tadpole: Image Credit Tadpole � HYPERLINK "http://scottandhisthoughts.wordpress.com/2011/03/15/tadpole/" �http://scottandhisthoughts.wordpress.com/2011/03/15/tadpole/�. All Rights Reserved. Accessed 10/4/11. 





Tadpole, showing teeth and some internal structure. Image Credit: David Jones � HYPERLINK "http://www.mybitoftheplanet.com/2011/Bigpics/April/0504tadpoles4.html" �http://www.mybitoftheplanet.com/2011/Bigpics/April/0504tadpoles4.html�. Accessed 10/4/11. Copyright 2011. All Rights Reserved.





Image Credit Andrew Bell of Creatures in My Head © Andrew Bell and Dead Zebra, Inc, 2011. All Rights Reserved. http://www.creaturesinmyhead.com/2002/07/





Image Credit: � HYPERLINK "http://www.frog-life-cycle.com/1-diagram-frog-anatomy.html" �http://www.frog-life-cycle.com/1-diagram-frog-anatomy.html� All Rights Reserved.





Image Credit: � HYPERLINK "http://www.frog-life-cycle.com/2-diagram-frog-anatomy.html" �http://www.frog-life-cycle.com/2-diagram-frog-anatomy.html�. All Rights Reserved. Accessed 10/4/2011. 
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Image Credit: � HYPERLINK "http://www.frogstore.com/images/n2399.jpg" �http://www.frogstore.com/images/n2399.jpg�. 


All Rights Reserved. 





What’s a Frog ever done for me?


Kissing a frog won’t turn it into a prince — except in fairy tales ― but frogs may be hopping toward a real-world transformation into princely allies in our battle with antibiotic-resistant infections that threaten the lives of millions of people worldwide. Scientists have reported that frog skin contains natural substances that could be the basis for a powerful new kind of antibiotics. They have identified more than 100 antibiotic substances in the skins of different frog species from around the world. The antibiotic substances work in an unusual way that makes it very difficult for disease-causing microbes (bacteria and viruses) to develop resistance and so they kill even powerful bacteria like the “superbugs” that most other drugs can’t fight. The research also is important because it shows the importance of preserving biodiversity. Some frog species — including those that may contain potentially valuable medicinal substances — are in danger of dying out worldwide due to loss of habitat, water pollution, and other problems.


ACS BOSTON, Aug. 26, 2010


� HYPERLINK "http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=222&content_id=CNBP_025383&use_sec=true&sec_url_var=region1&__uuid=12b6a33d-6959-418e-80c6-8fd5c2dc53d9" �http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=222&content_id=CNBP_025383&use_sec=true&sec_url_var=region1&__uuid=12b6a33d-6959-418e-80c6-8fd5c2dc53d9�


Note: this research was presented at a meeting of the American Chemical Society.





Image Credit: Untamed Mediocrity. � HYPERLINK "http://untamedmediocrity.com/?p=10" �http://untamedmediocrity.com/?p=10�. Accessed 10/5/11. All Rights Reserved.





Image Credits:  Michigan J. Frog. � HYPERLINK "http://en.wikipedia.org/wiki/File:MichiganJFrog.png" �http://en.wikipedia.org/wiki/File:MichiganJFrog.png�. Accessed 10/5/11. All Rights Reserved.





Image Credit: � HYPERLINK "http://www.oddessey2000.com/index.php?/plugin/tag/tadpole" �http://www.oddessey2000.com/index.php?/plugin/tag/tadpole�. Accessed 10/5/11.  All Rights Reserved.





Image Credit: � HYPERLINK "http://www.agilegamedevelopment.com/2009/04/hardening-sprints-and-dead-frogs.html" �http://www.agilegamedevelopment.com/2009/04/hardening-sprints-and-dead-frogs.html�. Accessed 10/5/11. All Rights Reserved.





Image Credit: � HYPERLINK "http://missiongreengoa.blogspot.com/2010/06/mission-green-supports-save-frog.html" �http://missiongreengoa.blogspot.com/2010/06/mission-green-supports-save-frog.html�. Accessed 10/5/11.  All Rights Reserved





Australian Water Holding Frog Image Credit: Josh Bamford. � HYPERLINK "http://blogs.abc.net.au/wa/2010/07/the-amazing-water-holding-frog.html?site=perth&program=goldfields_esperance_afternoons" �http://blogs.abc.net.au/wa/2010/07/the-amazing-water-holding-frog.html?site=perth&program=goldfields_esperance_afternoons�. All Rights Reserved.





Dancing Raisins Image Credit: � HYPERLINK "http://www.platospond.com/web/exp2/expTwo.php" �http://www.platospond.com/web/exp2/expTwo.php�. All Rights Reserved





Image Credit: � HYPERLINK "http://www.oddessey2000.com/index.php?/plugin/tag/tadpole" �http://www.oddessey2000.com/index.php?/plugin/tag/tadpole�. Accessed 10/5/11.  All Rights Reserved.





A devil frog compared to a pencil and the largest known living Madagascan frog, Mantydactylus ampinga. Illustration by Luci Betti-Nash. National Geographic. � HYPERLINK "http://animals.nationalgeographic.com/animals/prehistoric/devil-frog/" �http://animals.nationalgeographic.com/animals/prehistoric/devil-frog/�. All Rights Reserved. Accessed 10/7/11. 








Did You Know?


A group called Amphibian Ark is asking zoos, botanical gardens and aquariums the world over to choose a threatened species, take in frogs from that species, and harbor them in their institutions until scientists can find an answer for the killer disease — the chytrid fungus — if that’s possible. Such captive programs are intended to help maintain species or populations that simply cannot be safeguarded in the wild and are but one line of conservation approach for amphibians.  


To find out more, go to:


� HYPERLINK "http://www.amphibianark.org/" �http://www.amphibianark.org/�
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