Humming Along
Primary Objectives:
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Students will:

· Create at least one original work of art featuring hummingbirds. 
· Understand the role of forces, thrust, and drag in hummingbird flight.

· Be able to through writing, or orally, relate the unique qualities of hummingbirds.
· Identify the species of hummingbirds that have been spotted in TN. 
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Perform hands-on experiments related to aspects of hummingbird life and development.
Examples of Possible Academic Standards to Incorporate:
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The following are samples of what kinds of standards you might choose with an Arts and Science focus in your lesson. Go to the spreadsheet or the TN Curriculum site (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. Parents and everyone in the home is to be involved in this lesson and make their own projects as well.
Visual Arts:

Kindergarten Visual Arts Standard:
· 1.2 Explore a variety of techniques and media.
1st Grade Visual Arts Standard:
· 1.2 Demonstrate an understanding of a variety of techniques. 

2nd Grade Visual Arts Standard:
· 1.2 Demonstrate an understanding of a variety of techniques.
3rd Grade Visual Arts Standard:
· 1.3 Demonstrate and explain a variety of techniques.
4th Grade Visual Arts Standard:
· 1.3 Apply a variety of techniques.
5th Grade Visual Arts Standard:
· 1.3 Analyze and demonstrate a variety of techniques.
6-8th Grade Visual Arts Standards: 
· 1.1 Demonstrate an understanding of the application of current media, techniques, technologies, and processes.

· 1.4Reflect on the qualities and characteristics of a variety of media.

· 1.2 Demonstrate an understanding of the safe and responsible use of art media and tools.
9-12th Grade Art History Standards:  

· 1.1 Demonstrate the use of knowledge and technical skills in at least one specific medium. 

· 1.2 Demonstrate an understanding of the safe and responsible use of art media and tools. 

· 1.3 Create visual art that communicates ideas through the use of media, techniques, and processes. 

Science:

Note: The following show examples of standards that follow two different possible foci within the same lesson and how standards can be chosen to emphasize or inform a focus. The first thread is heredity. The second is forces.

Kindergarten Science Standard:

·  7.4.2 Observe that offspring resemble their parents.
· 7.11.1 Explore different ways that objects move.
1st Grade Science Standard:
· 7.4.2 Describe ways in which animals closely resemble their parents.
· 7.11.1 Investigate how forces (push, pull) can move an object or change its direction.
2nd Grade Science Standard:
· 7.4.2 Realize that parents pass along physical characteristics to their offspring.
· 7.12.2 Realize that things fall toward the ground unless something holds them up.
3rd Grade Science Standard:
· 7.4.4 Draw conclusions about the similarities and differences between parents and their offspring.
· 7.11.1 Explore how the direction of a moving object is affected by unbalanced forces.
4th Grade Science Standard:
· 7.4.1 Recognize the relationship between reproduction and the continuation of a species.
· 7.11.3 Investigate the relationship between the speed of an object and the distance traveled during a certain time period.

5th Grade Science Standard:
· 7.4.1 Recognize that information is passed from parent to offspring during reproduction.
· 7.12.2 Identify the force that causes objects to fall to the earth.
6th Grade Science Standard:
· Inq.4 Draw a conclusion that establishes a cause and effect relationship supported by evidence.
· Inq.5 Communicate scientific understanding using descriptions, explanations, and models.
7th Grade Science Standard:
· 7.4.3 Explain the relationship among genes, chromosomes, and inherited traits.
· 7.11.4 Recognize how a force impacts an object’s motion.
8th Grade Science Standard:
· Inq.4 Draw a conclusion that establishes a cause and effect relationship supported by evidence.
· 7.12.7 Explain how the motion of objects is affected by gravity.
High School: Biology I/Physics
· 10.4.2 Describe the relationships among genes, chromosomes, proteins, and hereditary traits.
· 1.1.2 Analyze and apply Newton’s three laws of motion.
Examples of Possible Visual Arts Vocabulary to Incorporate:

The following are a very few samples of what kinds of vocabulary words from the K-12 Visual Arts Vocabulary Glossary* you might choose to incorporate naturally with your lesson. To see and choose additional arts vocabulary go to: http://www.state.tn.us/education/ci/arts/doc/ART_VA_Glossary.pdf. 

*Note: You also need to incorporate Academic Vocabulary from other subjects such as Social Studies, Science, English/Language Arts, etc, that can be found online or in the spreadsheet.
· Medium: Material used to make art (Plural is media). 
· Negative Space: Empty space surrounding shapes and forms.
· Positive Space: Shapes or spaces that are or represent solid objects.
· Proportion: A principle of design illustrating size relationships of one part to another part or of one part to the whole.
· Technique: A specific way to create artwork, often by following a step-by-step procedure. 

· Texture: An element of art that refers to how things feel, or look as if they might feel if touched. 
· Abstract art: Artwork in which the subject is often simplified, distorted, deconstructed, or obscured.

· Art Elements: Visual arts components, such as line, texture, color, form, value, shape, and space 

· Blending: Smooth, gradual application of media.
· Color: Element of art that is a property of reflected light. 

· Primary – red, yellow, blue. 

· Secondary – orange, green, violet (produced by mixing two primary colors). 

· Tertiary/Intermediate – produced by mixing a primary and a secondary color. 

· Intensity – brightness of a color. 

· Value – lightness and darkness of a color. 

· Hue – name of color. 

· Neutral – black, white, grey, brown, tan. 

· Tint – to lighten a color using white. 

· Shade – to darken a color using black. 

· Content: Meaning, significance, and information in a work of art.
· Contour Line: A line that defines the edges and surface ridges of an object. 

· Contrast: Differences between two or more elements (e.g., value, color, texture) in a composition.
Humming Along
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 All birds are fascinating creatures, but with hearts that beat from 500 to more than 1200 times per minute, wings that buzz at as much as 52 beats per second (To help your students gauge just how fast that is, ask her to clap their hands as many times as possible for one minute. Then divide that number by 60.) and respiration that can clock in at up to 600 breaths per minute (at rest, a hummingbird takes an average of 250 breaths per minute), hummingbirds are astonishing to even experienced birders. They are very small birds with a high metabolism, which means they use a lot of energy really quickly, and they have to eat a lot of food! Within the Trochilidae (Hummingbird Family), there are more than 325 hummingbird species in the world. Only 8 species regularly breed in the United States, though up to two dozen species may visit the country. The calliope hummingbird is the smallest bird species in North America and measures just 3 inches long. The bee hummingbird is the smallest species and measures 2.25 inches long and often weighs under 2 grams. 
Being so lightweight helps them fly, hummingbirds have 1,000-1,500 feathers, the fewest number of feathers of any bird species in the world and almost one third of a hummingbird’s weight is in its pectoral muscles, the muscles principally responsible for flight.
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A great deal of energy is spent flying, so they must feed almost constantly. It should come as no surprise that hummingbirds don't eat the same things as other birds. They need high-energy foods, and one of their favorite foods is nectar collected from flowers. Hummingbirds can consume up to twice their body weight in nectar every day. They usually feed on both nectar and insects. Hummingbirds actually lap up the nectar with their tongues. A lot of people think that hummingbirds have a hollow tongue like a straw, but they don’t..Hummingbirds do not suck nectar through their long bills, they lick it with fringed, forked tongues and hummingbird can lick 10-15 times per second while feeding. The hummingbird’s tongue is about the same length as its bill. The front half of the tongue is split and has fringed edges that help it soak up nectar fast. When the bill tightens the hummingbird can swallow the nectar from flowers and feeders. 
Hummingbirds, which have the highest metabolism of any warm-blooded animal, visit up to 1,500 flowers a day searching for the nectar that gives them energy. Besides nectar, they also must eat insects for protein, fats and other nutrients. Here's a simple activity [image: image17.jpg]


that demonstrates how birds digest their insect meals: 

First, explain to your students that food, swallowed whole, passes into a bird's stomach where digestive juices break it into smaller pieces. The smaller pieces then pass into a muscular organ called a gizzard. 

Use a sturdy plastic bag for a gizzard and drop in 15 marbles to simulate the small stones that birds swallow to aid with digestion. Add half a cup of uncooked rolled oats and seal the bag. 

Now have your student knead the bag with his hands, moving the marbles to mimic the contracting muscular walls of a gizzard. Shortly the oats will be ground into fine bits, just like a hummingbird's daily insect meals. 

Those Legs Weren’t Made for Walking
Hummingbirds are able to perch and will do so at feeders regularly. Hummingbirds cannot walk or hop, though their feet can be used to scoot sideways while they are perched. If hummers want to travel even jus two inches, they must fly. Because they fly so much, they have poorly developed feet and can barely walk at all. The hummingbird is much more comfortable flying than trying to walk. Hummingbirds often take several baths a day. They even use rocks or leaves as water slides

Did you know that wearing hummingbird skins was once a fashion fad?  In 19th-century Europe it was quite the rage, meaning everyone wanted to wear them and lots of hummingbirds were being killed so people could wear their shiny feathers and skins on their clothes. Luckily the fad faded before hummingbirds all the hummingbirds were killed and went extinct. 
Bath Time!

www.familyfun.com
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No one can resist the charm of a hummingbird flitting from flower to flower like a Technicolor garden fairy, but all that pollinating and feeding can make a little bird tired and hot. A carrot birdbath is just the thing to refresh the weary and slow them down long enough for some awesome observation.
This carrot birdbath is just the thing to refresh little visitors and slow them down long enough for some awesome observation.

Materials 

· Thick carrot 

· Vegetable peeler 

· Bamboo skewer 

· Red yarn 

Instructions 

1. Cut an inch off the top of a thick carrot and then, starting in the center, use the tip of a vegetable peeler to hollow out a well approximately 2 inches deep and 1 inch wide (a parent's job). (This shallow bath is plenty big enough for birds accustomed to bathing in tiny puddles or on dew-laden leaves.)

2. Push the pointed end of a 4- to 6-inch-long bamboo skewer (sold in grocery stores) through the walls of the carved well about an inch from the top.

3. Tie a piece of red yarn (hummingbirds are attracted to bright colors, especially red) around each end of the skewer. Then tie the loose ends of the yarn pieces together over a low branch or clothesline. Keep the well filled with water and be sure to check it often for visitors.

Tips: 

· Hummingbirds are attracted to the color red. To up the odds of viewing a visitor, hang a pot of red flowers near the bath or tie a few red ribbons on nearby branches. 
· Be sure that your carrot is complete! If but a small portion of the bottom of the carrot had been broken off the water may leak all the way through the bottom. 
Option: Why not try an apple?" It's a bit bigger AND it's red. Have your students test it to see if it works.
What hummingbirds?

For a long time people thought that Ruby-throated Hummingbirds were the only Hummingbird found east of the Mississippi River, however, recent bird banding research has [image: image19.jpg]


documented 11 other species of Hummingbirds in the east. 
It’s not always easy for birdwatchers to tell what hummingbirds are around because Many hummingbird species, including Anna’s, black-chinned, Allen’s, Costa’s, rufous, calliope and broad-tailed hummingbirds, can breed together to create hybrid (mixed) species, one fact that makes identifying hummingbirds very challenging.
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There have been seven species documented in Tennessee with two species, the Ruby-throated Hummingbird and the Rufous Hummingbird being listed as regular visitors. The other five species, which includes the Black-chinned Hummingbird, the Anna's Hummingbird, the Calliope Hummingbird, the Broad-tailed Hummingbird and the Allen's Hummingbird, are considered accidental visitors to Tennessee, which means that they have been documented in the state, but they are not commonly seen every year in larger populations.

In Tennessee we can begin to enjoy Ruby-throated Hummingbirds beginning in mid-April when males, with their ruby red throats, emerald green backs and forked tails, begin to arrive. The average ruby-throated hummingbird weighs 3 grams. In comparison, a nickel weighs 4.5 grams. Female Ruby-throated Hummingbirds, identified by their white breast and throat, emerald back and rounded, white-tipped tail, arrive in Tennessee a couple of weeks later than their male counterparts. These tiny visitors will begin leaving in October, pretty much the way they came in, with the males leaving first, followed by the females. But, this time the females will have company with the young birds, who will leave with them or even some time later.
While Ruby-throated Hummingbirds are beginning to get ready to leave Tennessee, the next visitors are arriving. These are the Rufous Hummingbirds, and, like the Ruby-throated Hummingbird, the male of the species, with its rufous colored crown, tail and sides and its orange-red throat arrive first, followed in a couple of weeks by the females with their green back and crown, white breast, streaked throat and white-tipped, rufous colored tail feathers. Rufous Hummingbirds have been documented in Tennessee as late as January, so they are the winter hummingbirds in Tennessee. 
During the winter months, several other hummingbirds have been documented: 

· Black-chinned Hummingbird: can be identified by the male's white collar with a purple throat band on a black throat as well as a green breast, back and crown. The female Black-chinned Hummingbird has a green crown and back like the male, but that is where the similarities end. The female also has a white breast, a black and white spotted throat and white-tipped, buff colored tail feathers. 
· Anna's Hummingbird: can be identified by the male's rosy-red throat and crown, a metallic green back and a dark gray breast. The female Anna's Hummingbird has a white and red spotted throat, a lighter gray breast, a green back and a tail with white tips. 
· Calliope Hummingbird: Is one more hummingbird species that spends part of the winter in Tennessee.  Identifying this hummingbird begins with the male, as with most hummingbird species. This tiny hummingbird, actually the smallest hummingbird documented in Tennessee has purple feathers that are spread through out the birds throat that creates a streaked or whiskered effect as well as a metallic green crown and back. The female Calliope Hummingbird also has a green crown and back, a streaked throat, buff sides and tail feathers that are tipped with white on the corners. 
· Broad-tailed Hummingbird joins this list of hummingbirds to be documented in Tennessee. The male hummingbird of this species has a rosy red throat, a rounded tail, a white breast and a metallic back and crown. The female Broad-tailed Hummingbird has a white and black spotted throat, rufous sides, a green crown and back and tail feathers that are green, rufous and black with white tips. 
· Allen's Hummingbird is the last hummingbird species to be documented in Tennessee. This hummingbird is another winter visitor and is identified by the male's coppery-red throat, rufous flanks and metallic copper-bronze head and back, while his female is identified by a white breast, a white and red spotted throat, a rufous back and sides and rounded tail feathers with white tips.
 Birds at Work
Hummingbird nests are very hard to spot because they are so small and so well camouflaged. To approximate the size of the nest, place two Tic Tac mints in the bowl of a tablespoon. Both animals and people can easily look at a hummingbird nest and think it is just a small knot on a tree limb. The easiest way to find a hummingbird nest is to follow a female hummingbird.
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Building a hummingbird nest is complicated business. Every year after migrating to breeding grounds (for those hummingbirds that migrate), a hummingbird's first order of business is to eat, eat, eat! After refilling their energy supplies, female hummingbirds will immediately start to build a nest.
When building a hummingbird nest, the female hummingbird must choose the perfect location. Female hummingbirds do not like to use regular bird house as they are too confining. She is looking for a place that is well off the ground to prevent predators like ants, snakes, and predatory birds. Plus, the nest must be sheltered from wind to prevent baby hummingbirds being thrown from the nest in a wind storm. She will need a good sold base like in a "Y" or crossed branches of a tree or bush. You may see her test the strength of a prospective nest site by repeatedly landing on it and clinging to it. A place with leaves over top to shelter from rain and sun is ideal because if the nest gets above 96 degrees Fahrenheit the little hummingbird eggs will be cooked. Since temperature is such an issue in raising baby hummingbirds, many female hummingbirds will prefer higher altitudes and locations close to bodies of water where the weather is cooler.
Female hummingbirds will need nesting material to make her nest. She likes to use nice soft material like moss and lichen. She also likes to use cotton fluffs, bits of willows, soft plant pieces, dryer lint, and leaf hairs. She will bring these items back to her nest a little at a time, gluing it all together with spider webs. The spider webs make terrific glue for the nest, allow the nest to stretch and be flexible as the baby hummingbirds grow, and make it easier for the mother hummingbird to repair the nest when kids do what kids do. While building the nest, the female hummingbird will try to camouflage it as much as possible by using small sticks, seeds, and plant pieces to shade the outside of the nest. She will make sure the lighter parts of the nest are in the sun, while the darker parts of the nest are in the shade, blending it in with the surroundings.

Don't be surprised if you notice one female hummingbird stealing nesting material from another female hummingbird. This is common practice among hummingbirds. Don't worry, the original hummingbird will most likely go and steal supplies from the other as well.

When a mother hummingbird is gathering the materials for her nest, she will carry the items in her beak. Painstaking she will tuck the material into the fork of the branches to make the base of her nest. When she carries the spider webs to the nest, you will notice them all around her beak, under her chin, and across her breast. She will use her chin and body to press the spider webs and material into her nest so that every piece will go exactly where she wants it. 
A mother hummingbird will sit in a nest and use a wing to press the nest against her body to mold it into the perfect shape. She will press her rump into the center of the nest and against the walls to round the inside. She also uses her feet. With one foot hanging onto the nest and the other stomping the nest, she will compact the material to make a solid sturdy nest bottom.

The bottom and wind side of the nest are usually thicker than the top and leeward (less windy) side of the nest. This helps regulate the temperature inside the nest. On colder days, the mother hummingbird will wiggle down further into the nest to help keep the baby hummingbirds warm, while on days, cooler air can blow though the thinner sides of the nest, keeping the baby hummingbirds cool. For the same reasons, nests that are built in the spring are deeper than nests built in the warmer summer months.

Mother hummingbirds will usually work on a nest for about four (4) hours per day, making approximately thirty-four (34) trips for materials per hour. The entire nest will take anywhere between five (5) to seven (7) days to complete. All the while there are little eggs growing inside her.

Most hummingbird nests look like a small cup about the size of a walnut shell and the diameter of a penny to about an inch and a half (1 1/2) when done.  Remember: To approximate the size of the nest, place two Tic Tac mints in the bowl of a tablespoon. Some hummingbirds (Hermit Hummingbirds) will build nests that hang from branches and other vegetation. These nests are cone shaped attached to something above to support it. 

Sometimes mother hummingbirds won't have a chance to finish a nest before the eggs are ready to be laid. When this happens, the mother hummingbird does the best she can to both finish off the nest and incubate her eggs.

* When you find a hummingbird nest, it is best not to touch it. The hummingbirds will not be able to smell your scent, the predators can. By touching the nest, you can lead a predator right to it. If you find a hummingbird's nest, take a picture, but leave it alone. A hummingbird may want to try to re-use the nest. Not to mention the laws protecting them.
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Nest Building
Have your students be a mother hummingbird and build their eggs a nest!

Ingredients 

· 1 cup milk chocolate chips 

· 1 cup shredded coconut 

· Jelly bean eggs 

Instructions 

1. Melt the chocolate chips, following the directions on the bag. When the chocolate is smooth, stir in the coconut, then drop the mixture by the heaping tablespoon onto waxed-paper-lined cookie sheets.

2. While the nests are still warm, use your thumbs to poke an impression into the middle of each. Cool them, then fill with jelly bean eggs. Makes about 1 dozen.

Mama Birds

Hummingbirds lay the smallest eggs of all birds. They measure less than 1/2 inch long but may represent as much as 10 percent of the mother’s weight at the time the eggs are laid. If she laid two, then that would be like a 150lb human woman having two 15lb twins!
[image: image23.emf]Note: For a great perspective and introduction to hummingbird mothers, read First Flight: A Mother  Hummingbird’s Story by Noriko Carroll 

When a mother hummingbird is laying an egg, she can be seen sitting on her nest with some shaking alternated by wiggling every few seconds. Mother hummingbirds will usually have two eggs laid on different days. The little eggs will be about the size of a pea or small jellybean. Even though the eggs will be laid on different days, both the eggs will usually hatch on the same day. The mother hummingbird can do this by not completely starting the incubation process until the second egg is laid.

[image: image24.emf]The female hummingbird is the only one who will care for these little eggs. A male hummingbird does not assist with any of the childcare. In fact, if a male hummingbird comes around, the female hummingbird will consider his bright colors a threat that will attract predators and will chase him away.

The hummingbird eggs will remain in the nest incubating for approximately 16-18 days before they hatch. If the weather is cooler it may cause them to hatch a few days later. While the eggs are incubating in the nest, the mother hummingbird will sit on eggs to keep them at a constant temperature of 96 degrees.
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Baby hummingbirds still inside the egg has very strong neck muscles and a little hook on its  short bill that will help them peck their way out. These features disappear soon after the baby is born. The mother hummingbird will dispose of the broken egg shells after the baby hummingbirds are hatched.

When the baby hummingbirds hatch, they have no feathers and dark skin. Baby hummingbirds are hatched with their eyes are closed. Depending on the type or species of hummingbird, the little babies will weigh approximately 0.62 grams. That's one-third (1/3) the weight of a United States Dime. They are about one (1) inch long and cannot regulate their own body heat. Their beaks are short, stubby, and yellow.

When the baby hummingbirds are first born, the mother hummingbird will spend most of her time sitting on the nest, keeping the baby hummingbirds warm. As the baby hummingbirds grow more feathers, they are better able to keep themselves warm and the mother hummingbird can spend more time catching bugs and drinking nectar to feed them.

 The mother hummingbird will eat nectar and bugs and then regurgitate it into a slurry  substance the baby hummingbirds can digest. She will feed this mixture to the baby hummingbirds approximately every twenty (20) minutes. A baby hummingbird needs the mother hummingbird to feed them. Baby hummingbirds can not drink hummingbird nectar like adults do because there is not enough protein in the regular hummingbird nectar. If a baby hummingbird had only regular hummingbird nectar, the baby hummingbird would become severally crippled, or would die.
When a mother hummingbird comes to feed the baby hummingbirds, the baby hummingbirds will feel the wind from the wing of their mother and lift their little heads up and open their mouths. The mother hummingbird will insert her beak all the way down into the mouths of the baby hummingbirds while dropping a little of the regurgitated insects and nectar inside. When the mother hummingbird does this, you can see her throat swell as she pumps the baby food out of her beak in an up and down motion, kind of like a sewing needle on a sewing machine.

[image: image26.jpg]


Toilet training of baby hummingbirds comes built in. (a benefit of being a hummingbird mom.) The baby hummingbirds will do everything they can to dispose of waste over the side of the nest.

Within a couple of days, the size of the baby hummingbirds will almost double. Their beaks will darken slightly and they will start to grow little fuzzy pinfeathers. 

After one week, the baby hummingbirds will be covered in tiny little fuzzy feathers making them look like a miniature prickly balls. Baby hummingbirds will usually have enough feathers to regulate their own body heat by about nine (9) days after hatching. The mother hummingbird will no longer need to sit on the nest all the time, and the baby hummingbirds are too big for the mother hummingbird to fit.

The baby hummingbirds will start stretching their wings by gripping the floor of the nest with their feet and flapping away. By hanging on to the nest, the baby hummingbirds will not have to worry about accidentally flying away too soon. They will not really fly for another twelve (12) days or so.

By two weeks, the baby hummingbirds are completely covered in pin feathers and are starting to grow real feathers. Their beaks are much longer and are starting to look much darker. They are beginning to look like real birds.
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At three weeks of age, the little baby hummingbirds are now looking more like a real hummingbirds. They are testing out their wings more and more in preparation for flight. In the  next few days, these little baby hummingbirds will fly away as real adult hummingbirds, never to return back to the nest.

The mother hummingbirds will still feed their fledging for two to three days after leaving the nest. During this time, she will show them all the good places to catch bugs and get nectar. Then she will chase them off to live on their own. 
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Mother hummingbirds can have more than one brood of baby hummingbirds per season. If a mother hummingbird is going to have two nests per season, it is not uncommon for the mother hummingbird to construct another nest while still feeding her soon to fly away brood. Also, mother hummingbirds have no problem re-using another hummingbird's nest. Sometimes the new mother will move in before the nest has had a chance to cool off from the previous brood.
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Hummingbirds in flight

The flight of hummingbirds is amazing to watch. They are able to fly up, down, forward, backward and sideways. They can stop in midair and hover. Few other birds can do any of these things, and none as successfully as the hummingbird.

How can hummingbirds hover in one place? When a bird flaps its wing forward it creates forces called 'lift' and 'thrust', which move the bird up and forward. Hummingbirds can rotate their wings backward, which creates downward 'lift' and backward 'thrust'. By alternating flapping their wings forward and backward in a figure 8 shape, the up and down forces and forward and back forces cancel each other out, so the hummingbird hovers in one place.  
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Paraphrasing Newton: a body in motion remains in motion and a body at rest remains at rest unless acted on by an outside force. Changing something's momentum, speeding up, slowing down, redirecting, requires a force.  Air particles can't turn corners, speed up or slow down on their own, something makes them do it.  Since the bird is moving a wing up, or at least trying to keep it aloft against the pull of gravity, it needs a force to do that. Just like air, a wing can't do it without help. And that help comes from forces. (Image Credit: Terry Colon http://www.terrycolon.com/1features/fly.html. Copyright 2007 All Rights Reserved.)
Lift is the force that affects the bird taking off for flight.  Lift begins with thrust, it's the forward movement of the wing which creates airflow. Lift is created when a bird moves in a forward direction into the wind while flapping the wings. The air swirls from above and moves underneath the wings, pushing the bird upward as the wings come down causing the bird to lift and go forward simultaneously.

Drag is the force that allows the bird to slow down while in flight. Drag pushes against the bird along with the airflow. To use drag to help it slow down, the bird will spread its tail and wings and lower its feet to increase its surface area; making more of itself exposed to the pushing air, thus using the oncoming wind to slow itself by allowing it to push against its body.

Now, about thrust. The wing of a bird is similar to the arm of a human. Think of the section of a bird’s wing closest to its body as the “arm”. The section farthest from the body is like the “hand”. As the arm comes down it pushes air down, allowing the bird to stay in flight. Simultaneous to this, the hand section of the wing is angled forward pushing the air down and back, allowing the bird to have forward momentum and air keeps swirling around.
If thrust is produced in the downstroke, you might be wondering what happens in the upstroke. Since the wing is travelling upward, shouldn't there be a lot of drag, tending to slow the bird down? To avoid this, the bird does two things: 

· The outer part of the wing points straight along its line of travel so it can pass through the air with the least possible resistance. In other words, the angle of attack is reduced to zero. 

· The bird partially folds its wings, which reduces the wingspan and eliminates the draggy outer part of the wing. This is not strictly necessary though.

The inner part of the wing is different. There is little up-and-down movement there, so that part of the wing continues to provide lift and function more or less as it would when gliding. Because only the inner part of the wing produces lift in the upstroke, the upstroke as a whole offers less lift than the downstroke. As a result,  the bird's body will bob up and down slightly as the bird flies. Image Credit: Bird Flight  http://www.ornithopter.org/birdflight/flap.shtml  Copyright 2010. All Rights Reserved
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The outer part of the wing is angled to pass through the air with little resistance.
	 


All these forces together, along with changing the angles of the wings and tail, allow birds to take off, change direction in flight, glide with the wind, and land safely. 

Remember, the wings aren’t the only thing that helps, though. The tail of the bird plays a big role during flight. The tail acts as the rudder, balancing and steering the bird. The tail also helps the bird in stopping. The tail is turned downward, creating more air resistance, and acts like a brake. 

Lift Experiment

Experiment found at www.stoller-eser.com/nie/Weeks/AAS1-1LR.pdf All Rights Reserved. 
If you look at feather taken from the tip of a bird’s wing, you will see that its surface is curved. Birds’ wings are curved shaped also, just like the individual flight feathers. This shape helps with lift. Try this experiment to see how it works.

Flight Feathers

Materials: Flight feather, piece of wood about 12-14 inches

long, a thumbtack, and a hair dryer.

1. Pin the feather loosely to the wood with its narrow edge pointing towards you and the curve of the feather at the top.

2. Blow air over the feather and see what happens.

3. Turn the feather around, and repeat the experiment.
Lift is from forcing air down, not back. You can't get lift without drag, the reaction of the air on the wing. Think of it this way, drag is forcing the wing back, lift is drag forcing the wing up. Since everything starts with the wing going forward, the reaction is back, or drag. The angle of attack redirects most of the drag upwards, changing it to lift. Confused yet? Keep reading.
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Something moving through a liquid or gas circulates the air or gas around it. Drag your finger through some sand and compare that to your finger going through water. In the sand you leave a groove, in the water you don't. You can't cut a groove in a liquid or gas, it will flow back in, filling the groove. This is what the expression, "nature abhors a vacuum" is about.  (Images and the following experiment Ideas by Terry Colon http://www.terrycolon.com/1features/fly.html. Copyright, Terry Colon, 2007. All Rights Reserved. Accessed: 7/12/11)
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    Now, nature doesn't really get angry at a vacuum, but in a closed system under pressure gasses and liquids follow the path of least resistance, meaning they fill any void or space they can get to. (By the way, the entire Earth's atmosphere is a closed system under pressure.) This flowing behavior of gasses and liquids, which is about fluid dynamics, means instead of leaving a groove you get a vortex, which means the water or air swirls around, like a whirlpool or whirlwind. When a wing flaps, the air swirls around it. 
Take a shallow baking pan and sprinkle it with pepper. Hold a flat metal plate (or whatever is handy and preferably waterproof) upright with the bottom edge flat against the pan and at a slight angle, simulating the angle of a wing and the angle of attack (The slight angle of the wings is called the angle of attack. If the angle of attack is too great, the wing will produce a lot of drag. If the angle is too small, the wing won't produce enough lift.) Draw it across the pan as shown. 
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The plate scoops out a void pushing the pepper to the side which accumulates off what would be the underside of the wing, if you look at it that way. It's easy to see the force of the plate on the pepper is down and slightly forward, pretty much perpendicular to the face of the plate. This is a fair indication of the direction of force from the plate to the pepper. This direction of force is the same whether pushing on pepper or a liquid or gas. And the reaction in the opposite direction, up and slightly back, is the same, too. Notice as well, the upper surface of your “wing” does not move any pepper. The bottom surface and leading edge cause all the motion. 

      What's different about fluid media, like water or air, is the diffusion of the force which forms a vortex. Fill the pan with about a quarter inch of water and sprinkle pepper over the surface. (The pepper helps you see the action of the water.) Draw the plate across the pan through the water the same as before and watch the action around the plate. 

      You'll see a swirling at the leading edge, a vortex, the water flows up and around and down something like indicated by the picture below. It doesn't exactly split at the leading edge, going over and under as the airflow diagrams seem to suggest. It doesn't leave a void, an empty space behind in the water, either. It forms a vortex. 

 Just like with the pepper by itself, the force from the plate/wing on the water is down and slightly forward, and the reaction in the opposite direction, up and slightly back, is the same, too. The water flow "above" the plate is down, even at the trailing edge. As with the pepper, all the action comes from the leading edge and underside of the plate/wing, including the action through diffusion over the top. It's all one vortex. 

      (Should you try this test and find it subtler than depicted, it's a vortex nonetheless. A vortex always forms when anything passes through a liquid or gas. It's one of those immutable/unbreakable laws of science you hear talked of.) 
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   This gives you an approximation of how a wing works. Of course a wing moves a lot faster and the vortex is much more dynamic, even though we can’t see it. On a basic level you can say thrust pushes the wing with its angle of attack into the air ahead forming a vortex, scooping air over top and pumping it down to below the wing, around and around. This is called downwash. The reaction to this downwash is lift. As the wing pushes down, the air lifts it up. Add it all up you get forward motion and your bird flies.
Hovering
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So, how does hovering help a hummingbird? By moving its wings in figure 8 motion a hummingbird can hover long enough to suck out all the nectar it needs from a flower, otherwise it would have to keep flying forward and back and it would get really tired!   A hummingbird’s wings beat between 50 and 200 flaps per second depending on the direction of flight and air conditions. A hummingbird’s maximum forward flight speed is 30 miles per hour, though the birds can reach up to 60 miles per hour in a dive.
Hummingbirds are famous for their aerial display. Some displays are courtship displays; other displays are aggressive. Hummingbirds fly great distances when they are migrating. The Ruby-throated Hummingbird migrates approximately 600 miles across the Gulf of Mexico and the Rufous hummingbird flies 2,500 miles from Central America to Alaska each way! 
Hummingbirds in fights

Image Credit: Ron Day Photography Copyright 2010. All Rights Reserved. http://www.rondayphotography.com/Showcase/Hummingbirds%208445.htm
Despite their small size, hummingbirds are one of the most aggressive bird species and will regularly attack jays, crows and hawks that infringe on their territory. Hummingbirds compete for nectar and insects. They guard their territories fiercely, perching high near flowering bushes or feeders. Anna's hummingbird puffs itself up to look large. In duels the hummers use their bills and claws as weapons. They sometimes collide with a loud thud. Actually hummers are seldom harmed by these fights, though they may occasionally lose a few back feathers. Their instincts tell them not to risk damage to their precious bill. Also, they fight less when food is scarce. Though they don't attack human beings, it's sometimes frightening to have a whirring blur of feathers and a needle-like beak zoom by just a few inches from your face.

Hummingbird songs
Hummingbirds have a few things they don’t have, for example, hummingbirds have no sense of smell but have very keen eyesight. They also lack a true song. Instead, they vocalize chirping notes. Most calls are short buzz trills and chirps. Hummingbirds' wings 'buzz' or make a whirring sound while the birds are in flight. This sound is referred to as a "wing whistle." Birds frequently vocalize to attract a mate. 
They also have a few things we don’t have. Hummingbird vision is much better than ours--they can see things at a farther distance, and are able to see a wider spectrum of colors than we can, into the ultraviolet range. They are especially attracted to the color red. A hummer reacts to sights much more quickly than we can. A hummingbird's hearing is more finely tuned than ours. It can hear higher-pitched sounds than we can, and can hear tiny differences in sound quality that our ears just simply can't detect.
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 A Perilous Journey
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For a long time, scientists didn't know how ruby-throated hummingbirds got from their wintering grounds deep in Central America to the U.S. Gulf coast. These creatures weigh little more than a penny! Could they really fly the 500 miles over the Gulf of Mexico with no food or rest? It didn't seem possible!
By Land or By Sea? 
When ruby-throated hummingbirds arrive from their wintering grounds in the spring, they usually appear first in the southern United States, specifically the Gulf coast states. For a long time, scientists wondered how they got there, about what the route the hummingbirds traveled. But some observers — like you —reported each season's first Rubythroats having flown straight across the Gulf. The scientists started to wonder, do tiny hummingbirds really fly over 500 miles over the Gulf of Mexico with no food or rest? Or do they travel over land? Let's explore some facts. 
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Fueling Up in February
Longer hours of sunlight in February trigger in the tiny birds an urge to eat, eat, eat! Normally hummingbirds are nectarivores, meaning 95% of their diet comes from nectar (that’s a new word for your next game of scrabble!) but during February Ruby-throats stuff themselves with insects and spiders. Hummingbirds eat a lot of spiders, but sometimes tarantulas will turn the tables and eat a hummingbird. Baby hummingbirds often start out looking for food by poking at hats, road signs and other colorful objects until they learn to focus on flowers.

Hummingbirds can almost double their weight in about a week. Layers of fat build on the hummingbird's back, belly, and throat. Hummingbirds typically need to eat nectar every 15 minutes, because flight burns so much energy. A human would have to eat approximately 155,000 calories a day if he/she had  a metabolism like that of a hummingbird. Where would it find flowers or places to rest in the ocean? Will its fat reserves be enough to fuel the 500-mile flight? 
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Ready to Go the Distance?
A hummingbird flaps its wings 75 times per second during flight. It can fly about 25 miles an hour — and even faster with tailwinds, sometimes up to 60 miles an hour. If the shortest distance across the Gulf of Mexico is about 500 miles, how many hours would the flight take if the bird flew 25 miles an hour?
A Risky Route
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Here's what scientists concluded: Ruby-throats do build enough fat to fly at least 500 miles across the Gulf. Flying this shorter, more direct route could get them to their breeding territory even faster. But there's a tradeoff. Why is the Ruby-throat's journey so risky? Imagine this: A strong wind blowing from the north slows down a tiny hummingbird. The poor bird might use all its food energy before reaching land. (A wind of 26 miles per hour could even push it backward!) Or a skinny, exhausted Ruby-throat might reach land, but not find any nectar sources nearby. So if they choose to fly over the water, they might not survive the journey.


Hungry on Arrival
Not all ruby-throats take the short, tough trip across the Gulf of Mexico. Some travel by land, through Mexico and Texas, where they find food along the way. However, whether traveling by land or by sea, hummingbirds are hungry when they arrive. They'll be eager to eat from your nectar-filled feeders and flowers!
Fun Facts About Hummingbirds

· They do perch.

· They have very weak feet and do not use them for transportation

· They fly forward, backward, shift sideways, stop in midair.

· They can beat their wings 60 to 200 times per second.

· They lap nectar with their tongues.

· They can fly up to 60 miles per hour.

· They can live 5-6 years in the wild.

· They are the smallest bird in the world.

· They consume, on average, half their weight in sugar each day. 
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Getting It Down on Paper 
Read to the students a Native American story about hummingbirds, such as one from the book Hummingbirds: Facts and Folklore from the Americas by Jeanette Larsen and Adrienne Yoinks. Then ask them to write their own stories in the style of Native Americans answering such questions as how the Ruby-throated Hummingbird got its long bill, why are they so small, what makes it possible for them to hover, why are they so colorful, do they ever rest?
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 Option: Read First Flight: A Mother Hummingbird’s Story by Noriko Carroll and have students describe how a Ruby-throated Hummingbird mother might feel if, having migrated over 500 miles across the Gulf of Mexico, through storms, without stopping, with her two young chicks, she arrived in Central America to find its favorite winter home slashed and burned by poor native ranchers grazing cattle to try to make a living.
Kids version of the Hummingbird feeder
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Images and Ideas Courtesy of Roots & Wings Co.  http://rootsandwingsco.blogspot.com/2009/04/kids-version-of-hummingbird-feeder.html  Copyright 2010. All Rights Reserved.
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Kids get  so excited over seeing a hummingbird drink from a feeder, here is a version kids can make all on their own, mostly. You will still need to make the drinking well for them. Since it involves using a hot glue gun and cutting the cap. 

What you will need: 
empty soda or water bottle (something like the 16 oz size or smaller is great for this). 
4 Pipe cleaners 
lid from the bottle you are going to use 
a lid slightly larger than the one from the bottle. 

Cut 1 pipe cleaner in half and make two rings out if it. Be sure to over lap the pipe cleaner generously since this will be what holds the feeder. 
1: loop and twist the ends of the other 3 pipe cleaners around the ring. Again making sure they are secure. 

2: put the neck of the bottle through the ring of the pipe cleaner and arrange the 3 straight pipe cleaners around the bottle. Gather them at the base of the bottle and twist. If they are long enough simply make a loop out of the ends. If they are not long enough, wrap them around the second ring you made. This loop is your hanger. 
3: Now for the teacher’s job. Make the feeding well out of the caps (see directions below)
4: Your students can choose to decorate their bottle or hanger any way they choose. They may opt to leave the label on the bottle (if it is a red color it helps to attract the hummingbirds). They may also chose to pick real flowers to put in some of the slots in the well. Of course this means that they will have to replace them every couple of days but if that is what they want, let them.. 
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Ideas for items to decorate with. 

-Permanent markers 

-more pipe cleaners twisted into flowers or other shapes and then twisted to the pipe cleaners up the sides. (since the pipe cleaners are metal inside I would not put them in the drinking well). 

-stickers (use colors that will attract the humming birds such as red and yellow and orange) 

-silk flower tops (you can hot glue them to the places where you glued the caps together to hide the glue.

Make some nectar. 

Bring to a boil 1 cup water plus 1/4 cup sugar in a microwave or on the stove top. This will kill any bacteria. Let it cool then pour it into your bottle. Screw on the cap. Keep it upside down till you are outside and ready to hang it. It will drip a bit till the vacuum forms. This is normal. For this reason I suggest you hang it from a tree rather than your patio. Also your kids won't scare the birds away every time they open the door to watch them. (be sure to wash it out with vinegar before you refill it, 1-2 times a week, and never use detergents or bleach!)
Now wait for your first customer. It may take them a day or two to find your feeder, but they will. Watch for them in the morning and in the afternoon.

Making the Well
To make a well, you will need the cap that is original to the bottle and a slightly larger cap. Ex: a red cap that from an empty spice jar. You can also use a large Gatorade cap or from some other condiment jar. 
You will need to drill a whole in the original cap. You will want to keep the gasket in the lid, put a hole through it too, so that you get a nice tight seal so air does not leak in and cause your reservoir to over fill and leak out.

Cut pieces of the plastic ring from around the neck of the bottle to use as spacers under the bottle cap when gluing the lids together. Important: You want the bottom of the bottle cap to be lower than the lip of the outer reservoir. Use the pieces of plastic to make sure your bottle cap stays level while you glue it in place (it will leak a bit if it isn't level). Tip: Add a tiny bit of water to the bottom of the reservoir. It will help the hot glue to cool faster and stay where you put it. 
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Glue the caps together in at least 4 places, working slowly and making a bridge of the hot glue. Be generous with the glue. It will need to hold when you screw on the cap and take it off again. You can see here that that with the four bridges you should have plenty of room left for the hummingbirds to get to the nectar. 
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Chalk Hummingbird Art Project
Idea courtesy of Patty Palmer at Deep Space Sparkle. http://www.deepspacesparkle.com/category/art-lessons/birds/ ©DEEP SPACE SPARKLE/PATTY PALMER 2010. ALL RIGHTS RESERVED

[image: image64.wmf][image: image65.wmf][image: image66.wmf]Chalk pastels give the dramatic color intensity of tempera or acrylic paint with almost no prep time. For this lesson, give a brief explanation of the basics for drawing hummingbirds. Encourage the kids to use their own ideas for composition; brainstorm what a beak can look like, how you could change the wings, that sort of thing. You want the children to learn to draw but also want them to be as individual as possible, ex. small bird/large flower, close-up view, etc. With the visual help of black/white drawings of hummingbirds have the children drew their sketches with black oil pastel on black cardstock or construction paper. After coloring with chalk, have them color the bird first, so that if you  run out of time, at least the bird is colored. A final tracing of oil pastel will the picture the finished look. Most important step, by the way!
FIXATIVES: Aerosol hairsprays can be used, but if your chalk is a very low-grade, the hairspray tends to cut right through the chalk particles and creates a blotchy appearance where there was none before. You can buy fixatives at a craft store, use page protectors, or use newspaper to cover the artwork. 
Basics: How to Draw a Hummingbird

Instructions and images courtesy of http://www.howtodrawanimals.net/how-to-draw-a-hummingbird  Copyright 2010. All Rights Reserved. Accessed 7/12/11.
Step 1: Begin by drawing the back of the head.



Step 2: Draw the beak.



Step 3: Draw the lower body and neck.



Step 4: Draw the first wing.



Step 5: Draw the lower feathers.



Step 6: Complete the lower feathers and add the wing details.



Step 7: Add more wing details.



Step 8: Finish by adding the eyes and the beak details to complete the drawing of the Hummingbird.



Bird Art Project

Idea courtesy of Patty Palmer at Deep Space Sparkle. http://www.deepspacesparkle.com/category/art-lessons/birds/ ©DEEP SPACE SPARKLE/PATTY PALMER 2010. ALL RIGHTS RESERVED

Supplies Needed:
• Patterned Scrapbooking Paper in blacks, grays, pinks, reds, greens, yellows, blues, purples, etc.  
• Colored background paper (ex. 6x9 is a good size)
• White school Glue, Glue sticks, pencils and scissors

• Wiggle eyes (2 per student)

• Option: Pre-cut templates 
If you have large sheets of scrapbooking paper, now is the time to cut the paper in

half. The children only need half sheets for the next step. Put a variety of each color 
paper on every table plus, Glue (either school glue or glue sticks or my preference which is white glue mixed with a bit of water and placed in a small container along with a few brushes), scissors, and templates. Have students choose their background paper. You may want to only have a single color, or have several for students to choose from. Arrange the table so that each child has good access to the supplies. 
Have students start by making the tree branches. This is a good time to explain layering and how background items need to be glued on first. Select a piece of “tree bark” paper for the branches and cut into thin strips. Add a few leaves now.

Using the template, trace the bird body onto a colored paper of your choice and cut out. Glue the body over the branch.

Teacher Tip: I have one rule: Every child must use the body template. I say this because many children will want to make their own bird, but because of their age, most will make the bird too small. Problems will develop. Of course, this is just my rule and you’ll need to decide if even using the templates at all, meets your art standards. If you choose not to use them, the kids can draw the bodies on the backs of the colored paper and go from there. Your choice! Once the body is glue to the paper, the children can chose to make their own wings, head and tail or use the templates provided. Encourage them to think about what they want their bird to do. Fly? Perch? Drink from a flower? Sit in a nest? The choice is up to them. Don’t worry if the tail or wings stray off the edges…it’ll make the composition interesting. The final details are adding flowers, cherries, nests, flowers, more leaves and finally one wiggly eye per bird.
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Bird Templates

Photocopy onto cardstock and cut out (actual size)
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This picture of a 1/4-inch-long aphid was taken under


a microscope! To us it looks scary, to a hummingbird, it’s a tasty snack!





Male Black Chinned Hummingbird
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Female Black Chinned Hummingbird











Male Ana’s Hummingbird











Female Ana’s Hummingbird











Male Calliope Hummingbird











Female Calliope Hummingbird
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Male Broad-tailed Hummingbird











Female Broad-tailed Hummingbird











Female Ruby-throated Hummingbird











Male Ruby-throated Hummingbird











Female Allen’s Hummingbird











Male Allen’s Hummingbird











Hummer Babies: Day they Hatched from Bug Safari
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Baby Hummingbirds: Two Weeks Old, with Mother from Bug Safari
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Baby Hummingbirds: Two Weeks Old, from Bug Safari
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