Just A-Singin’

Focus Question

Do bird songs have different pitches?  Do birds in different environments have songs of different pitches?

Activity Synopsis

Students will listen to the pitch of the songs of different species of birds.  Students will recognize that the environment has an effect on a bird’s song.

Time Frame
1 or 2 45-minute class periods

Student Key Terms

· pitch

· frequency

· sound waves

Objectives

The learner will be able to:

· observe the pitch of bird songs from different species of birds that are commonly found in the mountains of South Carolina.

· discuss why the pitch of a bird song varies according to the bird’s surroundings.

Fourth Grade Standards Addressed

Science Standards

IA1a, IA4a, IA6a, IIB1b, IVA1a, IVA2 a,b

Background

Key Points

Key Points will give you the main information you should know to teach the activity.

· Birds communicate with each other by singing and calling.

· Singing is the best means of communication for birds since frequently they are great distances from one another, or are hiding in the brush and cannot see one another.

· Bird songs are affected by the bird’s environment.  .  In a forest, sound bounces off trees and may be absorbed by leaves.  In this habitat, a constant brief signal is the most effective means of communicating because it allows other birds to hear the sound continuously, in case they miss it the first time.  Birds that inhabit the forest floor would prefer a low-pitched song that cannot be distorted by the ground, while grassland species have a buzzing song because this sound travels great distances.  Birds living near running water have a lot of background noise with which to compete and communicate best with a high frequency call

Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

Songs: (information from http://ww.pbs.org/lifeofbirds/songs/)

Birds sing to communicate with other birds.  Birds sing to communicate with rivals, predators, and potential mates.  Some birds have several (or even many) songs to serve different functions.  The nightingale has approximately 300 different love songs!  

There are two general categories of bird vocalizations--songs and calls. Songs are the longer, often complex, vocalizations you hear before and during the nesting season. Calls are heard all year long and usually have some communicative value to other birds (to warn other birds of the presence of a potential predator for example). 

The song of an individual species of bird has been shaped by its environment, just as music varies from country to country.  Singing is a perfect means of communication if you are communicating over long distances, at night or in dense vegetation.  In a forest, sound bounces off trees and may be absorbed by leaves.  In this habitat, a repeated brief signal is the most effective means of communicating because it allows other birds to hear the sound continuously, in case they miss it the first time.  Birds that inhabit the forest floor would prefer a low-pitched song that cannot be distorted by the ground, while grassland species have a buzzing song because this sound travels great distances.  Birds living near running water have a lot of background noise with which to compete and communicate best with a high frequency call because low frequency sounds are asked by low frequency water noise.  Sounds travels best approximately 3-4 feet above vegetation; therefore, small birds sing from elevated perches high in the canopy to minimize interference.  Another strategy to maximize the distance covered by a song is to leap above the vegetation and call from mid-air – a technique employed by some grassland birds.

How do birds sing so much better than humans?  The answer lies in the structure of the bird’s vocal equipment.  Whereas the human soundbox is situated at the top of the trachea, the bird’s sound producing organ, the syrinx, is set at the junction of the two air tubes that lead to the lungs.  This design allows birds to produce a greater variety of sounds because the membrane on each tube produces a different sound, and these sounds are mixed when they move into the higher vocal tract. In some cases, birds can produce sounds of two pitches at once.

There is a lot of sound competition in the real world, so a bird must be sure that his song is heard!  One example of a bird going to significant lengths to be heard is the kakapo, a parrot from New Zealand.    The kakapo tramples the ground in order to build an amplification bowl.  The birds sits in the bowl, inflates its air sacs until it has almost doubled size, and then begins to sing.  His song can be heard four miles away!

In nature, survival of the fittest is the law-of-the-land so to speak.  Vocal inadequacies cannot be masked.  Singing expends precious energy and, therefore, small weak birds cannot pretend to be large and strong.  Only the strongest birds with energy and strength to spare can invest the large amount of energy it takes to produce a continuous, loud song – and still escape predation!  The fitter you are, the more likely you are to attract a mate and pass your genes on to the next generation.  This is survival of the fittest in its purest form.

Even if you are not an avid birdwatcher, you have likely noticed that birds sing more in the morning hours.  This is a trend that is seen throughout the world and the reasons are not completely understood.  One theory is that there is less wind and other noise disturbance at dawn and, therefore, it is the best time for sound to travel.  Another theory is that hunting at dawn is not as effective because light intensity is low and insect prey are kept close to the ground because of lower temperatures; so what else is left to do but sing!  This also means that there is an inordinate amount of vocal competition at dawn, so as a species, you are at a distinct advantage if you sing at a different time of day.

Why bother expending all this energy?  The answer is two-fold: to defend territory or attract a mate.  As you most likely guessed, these are duties typically assigned to the male bird, and therefore, the general rule of thumb is that male birds do the singing.  For females, singing would only attract predators to her nest.  Of course, the exceptions prove the rule.  Female red-winged blackbirds sing two songs – one to communicate with her partner and one to communicate aggressively with other females. Ravens learn each other’s calls and use them to locate each other and prompt the other’s return.   Female cardinals also sing.  Where mammals might use urine to mark their territory, the bird uses his song to establish his domain.  The male will not react violently toward his neighbor, so long as the neighbor stays in his own territory; however, a singing stranger prompts swift action in order to protect one’s territory from being invaded.  During breeding season, females spend days listening to various males sing.  In the end, they prefer the male singing the most complex song and the greatest variety of songs.  One way to increase one’s repertoire is to mimic the calls of other species. Starlings in the Shetland Islands have even been known to mimic sheep!
Sound Waves

Sound travels in waves, and has the same characteristics as other types of waves; i.e. sound waves have frequency, wavelength and amplitude and also reflect, refract and interfere like other waves.  Frequency is the number of vibrations per second; however, we distinguish differences in frequency as differences in pitch.  Amplitude relates to the loudness of a particular sound.  Well-known examples of sound wave reflection are echoes.  Sound changing speed as it goes from one medium to another is caused by the refraction property of sound.  

As stated previously, forest-dwelling birds typically have a continuous call.  This is because there is so much competition with other sounds in the forest that by continuously repeating the song, other birds are more likely to hear the full song.  Imagine walking into a noisy classroom and saying a sentence.  The more times you repeat the sentence, the more “pieces” of the sentence your attentive students will gather.

Within the forest, ground-dwelling birds typically have low-pitch calls.  Think of the owl-like call of the mourning dove.  The interaction between a wave and an object is dependent upon the length of the wave and the size of the object.  Trees are relatively small in comparison to the long wavelength of low-pitch sound waves, and therefore the wave does not “see” much of the tree.  The sound is preserved and the tree does not scatter the song.  This principal can also be applied to bats.  Whereas the highest frequency that a human can hear is 20,000 Hertz (this is for a human child, adults cannot hear this high), bats use frequencies of 80-90,000 Hertz as echolocation.  Why?  The high-pitch sound has a small wavelength.  These small waves can “feel” the very small insect prey of bats.  If the wavelength were longer, the bat would be unable to detect such small objects.

Birds that live near moving water, rivers or waterfalls, usually have high-pitch songs.  The high-pitch song stands out against the low-frequency sounds of a waterfall.  This can be related to our everyday experiences with car stereo systems.  If you are sitting in your home and someone drives by with a car stereo system that costs more than the actual car, what do you hear?  You are likely to hear and feel the bass.   The long sound waves propagate better than short wavelengths of higher-pitch sounds. Imagine that you are a bird competing with the well-propagating low-pitch sound waves of the waterfall.  In order to be heard above this sound, you would need a high-pitch sound that stands out against the background.

Procedures

Materials

· Soda bottles filled with water

· Bird songs CD and portable CD player, Birding By Ear: A Guide to Bird-Song Identification by Richard Walton and Robert Lawson is a good cd.  Alternatively, you could have your students do this activity in a computer lab.  The computers will need the basic RealOne Player, which can be downloaded free from www.real.com.

· A CD with wave sounds or rushing water sounds

· A high-pitch whistle or other high-pitch noisemaker

· Photos of birds to show students.  Sounds, information and photos of the birds in this activity can be found at http://www.birds.cornell.edu/programs/AllAboutBirds/BirdGuide.  Please take note of copyrighted material.

· If students do not have experience in mountainous areas, it may also be helpful to show students photos of mountain streams and waterfalls.

Procedure

1. Have the students break into small groups and give each group 1 soda bottles filled with 1500 mL of water.  Have the students set up a data table with the headings “Volume of Water” and “Observations”.   Have the students blow over the open bottle filled with 1500 mL of water and record their observations.  Then, instruct the students to pour out 300 mL of water. Have the students record the new volume in the data table, blow over the bottle and again record their observations.  For their observations, the students should ask themselves “was the pitch of the sound higher or lower than the pitch at the previous volume?”  Ensure that the students are writing complete sentences, e.g. “The pitch at 1200 mL is lower than the pitch at 1500 mL”.  They should continue this until the bottle is empty.  Ask students to review their data and make a statement that summarizes their observations.  Have a spokesperson from each group present the group’s findings.  When the air column was shortened (i.e. there was more water in the bottle), what happened to the pitch of the sound?  What happened to the sound as the air column in the bottle gradually lengthened?  What conclusions can you draw about wavelength and pitch?  Note: It may be helpful for your class if a set of labeled bottles is kept at the front of the class for comparison.  If bottles are unavailable, you may choose to demonstrate this concept for your class with a slide whistle.

2. Explain to the students that long wavelengths, low pitch sounds, are not easily scattered by objects in the environment that are relatively small in comparison to the wave.  For example, a tree trunk may seem large to us, but a low-pitch sound wave would move around a tree without being scattered because the tree is small compared to the length of the wave.  Relate this to the students being inside of their house and still hearing the bass sounds coming from a car stereo.  This is also much like a large wave in the middle of the ocean – a small ship would not interrupt the wave, rather the wave moves underneath the ship.

3. Prep your students by telling them that today they will be listening to bird songs to observe differences in pitch.  This activity will focus mainly on birds found in the mountains of South Carolina.  What types of aquatic habitats might be found in the mountains?  What makes the mountains different than the coast?  Are the forests different?  Is there salt water in the mountains?  Why do we see waterfalls in the mountains and not on the coast?  Compare and contrast the mountains and the coast: is there a temperature difference? A rainfall difference?

4. Lead a discussion with the students on why birds sing.  Why does each type of bird have a different song?  (Typically, the male of the species sings.  Song is primarily used for finding a mate.  Species have unique songs to locate other birds of the same species.)  Why is singing an effective means of communication for birds?  (It’s an effective means of communication when you communicate over long distances, at night, in dense vegetation, etc.)

5. Play various bird songs for the class.  Ask them to observe differences between the songs.  Are some high-pitch, low-pitch, short bursts, continuous, long in duration, short in duration, etc?  Ask why the students think that there is such a variety of songs among different birds.  Tell the students that a bird’s environment affects his song.

6. Imagine that you are a ground-dwelling bird.  Describe your surroundings, what do you see each day?  Ask students to hypothesize what their song would sound like if they were a ground-dwelling bird.  You may need to prompt the students by reminding them that low-pitch sounds “move around” objects better than high-pitch sounds.  Then, play the song of a ground-dwelling bird.  The ruffed grouse is a ground dwelling bird found the mountains of South Carolina.  Locals may call this bird a “pheasant”.  The ruffed grouse creates a low, booming song by rapidly beating its wings.  (For comparison, another common ground-dweller is the mourning dove.)

7. In comparison to the low calls of ground-dwelling birds, birds that commonly live near moving water have higher pitch songs.  You may choose to demonstrate for students how a high-pitch sound stands out against low pitch sounds.  Think of moving water as continuous low-pitch sounds.  Play a low-pitch sound (such as waves or other moving water) and simultaneously play a high-pitch sound (the whistle) and discuss the students’ observations.  In addition, play a second low pitch sound and ask the students to discuss their observations – did the low pitch sound stand out against the water sound, or did it “blend” with it?  Ask the students to imagine that they are a bird living near a waterfall or a rushing stream.  What kind of song should they have in order to compete with the low-pitch sounds of the moving water?  Ask them to discuss this within their groups, and then lead a class discussion.  Play some high-pitch bird songs for the students.  The following birds are commonly found associated with aquatic habitats in the South Carolina mountains: the belted kingfisher, the eastern phoebe, the spotted sandpiper, the Louisiana waterthrush and the black-throated blue warbler.  (Note: the eastern phoebe is also listed in the Assessment for this activity, so you may choose to not use the eastern phoebe as an example here.)

8. Note: you may choose to focus on just two of the birds listed so that students can get more detailed information about the bird’s behavior and natural history.  Also, we have focused on birds common to mountain forests and aquatic habitats.  This activity can easily be adapted to other ecoregions.

9. To help the students compare the high and low pitches, replay the ground dwelling bird songs and lead a discussion on the different pitches of the bird songs. 

Extension: Walk into a noisy classroom, or tell the students that they have a 5-minute break, and while the students are talking, say a non-sensical sentence several times.  For example, repeat “Pink poodles wear purple shoes and fuzzy blue sweaters” several times.  Then, ask the students to repeat the sentence.  Ask the students how many times it took for them to understand the whole sentence.  Could they hear the full sentence the first time you said it?  Why or why not?  Ask the students to imagine a habitat where there might be a great deal of noise (forests).  What types of noise might compete with a bird’s song in that habitat?  What technique might a bird living in this habitat employ in order to effectively communicate with other birds (forest-dwelling birds typically have a repeated song so that other birds of the same species can pick up the entire song even among a lot of background noise)?

Assessment (two evaluations are listed)

Evaluation #1:

Have your students draw a mountain scene including a forest and an aquatic habitat found in the mountains.  Allow them to see use photos of the birds you discussed to add the birds into their drawing.  Have the students write a story about the two birds in their picture.  What do the birds see?  How does each of the birds sound?  Do their songs sound alike?  Why are their songs different?

Rubric:

1 point
  Does the story have a beginning, middle and end?

1 point   Did the student include a correct mountain aquatic habitat (i.e. no oceans)?

1 point  Did the student correctly match bird to location in environment (i.e. no ruffed grouse perched high in the trees)?

1 point  Did the student correctly explain the difference between the ground-dwelling bird’s song and the bird that is closely associated with an aquatic habitat?

Evaluation #2:

Show your students a photo of the eastern phoebe.  (Again, photos of this bird can be found at http://www.birds.cornell.edu/programs/AllAboutBirds/)  Tell your students that the eastern phoebe nests on dry cliffs, but likes to forage for insects by waterfalls.  The eastern phoebe is a permanent resident in the mountains of South Carolina.

Ask your students to write down how they think the eastern phoebe’s songs would sound – high pitch or low pitch?  Beside this description, ask your students to draw a picture of a soda bottle with the appropriate water level that relates to the pitch of the bird’s song.  I.e., if the student says the bird will have a high pitch song, then he/she should draw a water bottle almost full of water.  Alternatively, you may also choose to have small groups of students fill actual bottles with water and assess each group.

Did the student know that a high pitch song is associated with birds that live near water?  Did the student correctly associate a high-pitch sound with a shorter air column in the bottle?
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Members of the COASTeam Aquatic Workshops development team include: Katrina Bryan, Jennifer Jolly Clair, Stacia Fletcher, Kevin Kurtz, Carmelina Livingston, and Stephen Schabel.

From COASTeam Aquatic Workshops: Mountains (Grade 4); a joint effort between the COASTeam Program at the College of Charleston and the South Carolina Aquarium – funded by the SC Sea Grant Consortium.

8

