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          Evolving Communication (Winter 08) DPS1


Bioacoustics: Visualizing Communication
Sound is a longitudinal wave that is propagated through a physical medium. Its physical manifestation is as a patterned increase and decrease in the local density of the medium, that is, pressure. Basically, it is a pressure wave moving through air or water. Visualizing such a wave often makes it easier for us to understand it. This is where spectrograms come into play…

A spectrogram is a visual representation of sound. Many animals produce sounds with amplitude and frequency changes that are too fast for the human ear to resolve, or are at frequencies above or below our hearing range. 

· Sound spectrograms allow scientists to portray the intricacies of complex sounds in a way that can be readily understood. It is often easier to compare these graphical representations of sound sequences than it is to compare the actual sounds aurally.

· A spectrogram provides more complete and precise information because it is based on actual measurements of the changing frequency content of a sound over time. 

When physical events are cyclical, or nearly cyclical, frequency is a measure of how many times the cycle repeats per unit time. Frequency is measured in Hertz (Hz), or cycles per second; and in kilohertz (kHz) or thousands of cycles per second.

· Many animals, including coyotes, can hear up to 45 thousand cycles per second - which is approximately three times higher than humans. Beavers are thought to hear sounds as high as 60 thousand cycles per second. 

· Rabbits have a bandwidth (frequency span between lowest and highest frequencies) of 2500 cycles per second to almost 20 thousand cycles per second - which is higher than the vast majority of humans can hear.
Using the Raven Lite software

Creating a spectrogram in Raven is a matter of opening a sound file, the program uses a fast Fourier transform algorithm to create one as the file opens. 

The Toolbars - By default Raven Lite displays six toolbars.

· File - Record, Open, Close, Save, Print, Page set-up, Export image, Copy image

· Edit - Edit Tools, Filter, Amplify

· View - Controls which toolbars are visible

· Windows - Tile, Cascade

· Help - When all else fails

· Playing Sounds - Play, Play with scrolling, Reverse playback, Stop, Playback rate

· Selection/Zoom Toolbar - Select all, Clear selection, Zoom

· Spectrogram Toolbar - Color scheme, Brightness, Contrast, Sharpness

Reading a Spectrogram
Pitch - Higher pitched sounds appear higher on the spectrogram.

Loudness - Louder tones appear in a brighter color on the spectrogram.

Duration - Longer tones appear as longer marks on the spectrogram.

Buzzy Sounds appear as sets of evenly spaced parallel lines at different frequencies, a.k.a. harmonics

Whistles appear as a single line that changes up and down with the pitch of the sound.

Definitions

Amplitude - The pressure of the sound at the peak of a wave. More or less 
synonymous with volume

Frequency - The number of peaks that occur in one second. 20 Hz equals 20 cycles 
per second (20 peaks of the wave occur within one second). 4 kHz equals 4000 
peaks occur within a one second period of time. Frequency is the inverse of 
Period. 

Period / cycle - The amount of time it takes for TWO consecutive peaks in a wave to 
occur, i.e. the amount of time between two peaks in the waveform. Period is the 
inverse of frequency.

Waveform - The representation of a sound using time on the X-axis and pressure on 
the Y-axis. Pressure increases and decreases relative to the ambient pressure 
on the microphone as successive sound waves pass by. This is converted into 
an electric signal and then processed by a computer to show the waveform. In 
Raven, this is accomplished using a fast Fourier transform (FFT) algorithm.

Spectrograph / Spectrogram - The representation of a sound wave that depicts time 
on the X-axis and frequency on the Y-axis. 

Carrier Wave - The main sine wave that makes up a sound. Deviations from the sine 
wave are caused by other components that create the harmonics seen in a 
spectrograph.

Modulating Wave - The wave or waves that affect the main carrier wave.
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Data Sheet
	Species
	Length of call
	Start Freq.
	End Freq.
	Lowest Freq. Hz / kHz
	Highest Freq. Hz / kHz

	Black-capped Chickadee
	
	
	
	
	

	Pileated Woodpecker
	
	
	
	
	

	Red-winged Blackbird
	
	
	
	
	

	Red-tailed Hawk
	
	
	
	
	

	
	
	
	
	
	


1. Black-capped Chickadee (Poecile atricapilla) - This species is found across the southern two-thirds of Canada and northern two-thirds of the United States. The chickadee's simple sounding calls have been found to be extremely complex and language-like, coding information on identity and recognition of other flocks as well as predator alarms and contact calls.
Open the sound file for the Black-capped Chickadee. Notice the appearance of bands in the chickadee call during the “feebee”; these are harmonics. 

a. How many harmonic layers appear in the first “feebee”?

b. What is the lowest harmonic frequency?

c. What is the highest harmonic frequency?

d. At what frequency does the chickadee call start?

e. At what frequency does the chickadee call end?

f. What is the average duration of each “feebee”?

2. Pileated Woodpecker (Dryocopus pileatus) - Nearly as large as a crow, the Pileated Woodpecker is the largest woodpecker in most of North America. Its loud ringing calls and huge, rectangular excavations in dead trees announce its presence in forests across southern Canada, Midwest, and East, westward to eastern North Dakota and eastern Texas. In the Western United States they may be found along the Pacific Coast and in the Northern Rockies.
Open the sound file for the Pileated Woodpecker. Once again, notice the harmonics.

a. How many harmonic layers appear?

b. What is the lowest harmonic frequency?

c. What is the highest harmonic frequency?

d. At what frequency does the woodpecker call end?

3. Red-winged Blackbird (Agelaius phoeniceus) - One of the most abundant birds in North America, the Red-winged Blackbird is found in wetlands and agricultural areas across the continent. The black male can hide the brilliant red shoulders or show them off in a dazzling display. The striped female looks strikingly different than the male and could almost be mistaken for a large dark sparrow.

Open the sound file for the Red-winged Blackbird.

a. Do any harmonic layers appear?



b. What is the lowest harmonic frequency?

c. What is the highest harmonic frequency?

d. At what frequency does the woodpecker call start?

e. At what frequency does the woodpecker call end?

f. Do any whistles appear?

g. Do the whistles display harmonics?

h. If applicable, what is the lowest harmonic frequency in the whistle?

i. If applicable, what is the highest harmonic frequency in the whistle?

4. Red-tailed Hawk (Buteo jamaicensis) - The most common and widespread hawk in North America, the Red-tailed Hawk is a bird of open country. It is frequently seen sitting on utility poles where it watches for rodents in the grass along the roadside. The raspy cry of the Red-tailed Hawk is used in movies to represent any eagle or hawk anywhere in the world.

Open the sound file for the Red-tailed Hawk.

a. What is the average duration of each raspy skry?

b. Do any harmonic layers appear in the raspy skry?

c. What is the lowest harmonic frequency in the raspy skry?

d. What is the highest harmonic frequency in the raspy skry?

e. Do any harmonic layers appear in the "kree-eee”?

f. If applicable, what is the lowest harmonic frequency in the "kree-eee”?

g. If applicable, what is the highest harmonic frequency in the "kree-eee”?

