
Echolocation

•  Diversity


– Organisms

– Sound production and reception


•  Information decoded from echos

– Distance

– Velocity

– Prey size and location


•  FM vs CF bat adaptations




Echolocating animals


http://www.youtube.com/watch?v=0ne00CWf6kc
 http://www.youtube.com/watch?v=_aXF_FZm1ag




Bat diversity


Microchiroptera: 1000 species, 15 families, all echolocate

Megachiroptera: 100 species, 1 family, 1 genus echolocates




Not all bats are 
aerial insectivores




Nose leaf and ear diversity in bats




Ear pinna 
amplifies 
selected 

frequencies


- Pinna acts as a horn

- Larger pinna transmit lower

frequencies better

- Wavelength of the resonant

frequency equals 4 x length 

of the ear canal




Ear and nose leaf focus sound


Emitted sound field
 Received sound
 Sonar beam




Information decoded from echos


Target detection

Distance

Angular direction

Velocity & trajectory

Target size & shape




Bat echolocation


60 kHz pulse

19 mm target at 3 m


•  Bat sounds are emitted only 
during wing upbeat to 
minimize physiological costs


•  Air pressure in calls is just 
below blood pressure in lungs-
physiological maximum 




Wavelength depends on media

•  Wavelength depends on the speed of 

propagation (c) 
•  Wavelength = cT or c/f 

–  Speed of sound in air  = 340 m/s, wavelength of 
34,000 Hz = 10 mm 

–  Speed of sound in water = 1450 m/s , wavelength 
of 14,500 Hz = 100 mm 

10 Hz
 1 kHz
 10 kHz
 100 kHz


3.4 m
 34 cm
 34 mm
 3.4 mm


Frequency


Wavelength




Attenuation is due to spherical spreading 
medium absorption and scattering 




Wavelengths for echolocation




Echolocation call design

FM = 
frequency 
modulated


CF = constant 
frequency


CF = constant 
frequency




Why produce FM calls?

•  FM is best for determining target distance


–  Measure time delay between pulse and echo return

–  FM sweep labels each part of pulse with a frequency 

value

–  Average time delay between pulse and echo over all 

frequencies

–  Must not overlap pulses and echoes


•  FM is best for determining target properties

–  Object size and shape cause frequency-dependent 

scattering

–  Can compare frequency spectra of pulse and echo

–  Most information with broadband pulse




FM calls during prey capture

Big brown bat

Eptesicus fuscus


Note low duty cycle, bandwidth

increases as bat approaches prey




FM bats shorten call duration to prevent 
pulse-echo overlap with target approach




Suggests that species

that use high frequency

must hunt closer to prey

and, therefore, need to 

use shorter calls to avoid

pulse-echo overlap


Pulse duration declines with frequency for 
FM bats




How do bats estimate time delay?


•  Could compare pulse and echo at a single 
frequency, but echo frequency depends on 
object size


•  Better to compare pulse and echo at all 
frequencies and average.  This would 
provide the best estimate of time delay.


•  Can use cross-correlation for this purpose




Cross-correlation function can be used to 
measure echo delay time in FM bats


If bats cannot detect

phase, then the correlation

function is the envelope




Autocorrelation and 
bandwidth


Narrow band; 1 ms, 25-20 kHz pulse


Broad band; 1 ms, 50-20 kHz pulse,

should permit better range resolution




Call bandwidth 
and target 

ranging




Why produce constant frequency calls?


•  CF is better for long range detection

–  More energy at a single frequency will carry 

further

•  CF is better for detecting target motion


–  Target shape change will cause amplitude 
fluctuations in echoes


–  Movement of target will cause frequency shift 
of echo due to the Doppler shift


•  Need to overlap pulse and echo to measure 
frequency shift accurately




CF calls during prey capture

Greater horseshoe bat, 
Rhinolophus 
ferrumequinum, hunts 
from a perch


Note high duty cycle, repetition rate 

increases as bat approaches prey




CF bats exhibit doppler-shift compensation




CF bats detect wing flutter as echo glints




Inner ear 
(cochlea) 

adaptations


Basilar membrane is

longer and thicker at

base


A basilar membrane 
that is thicker at the 
base increases 
sensitivity to high 
frequencies




Middle ear adaptations


Tympanum:oval window area = 53:1 in Tadarida, 35:1 in a cat

Malleus:incus = 3-5:1 in bats, 1.5:1 in a cat




Ear tympanum speed


Faster at high 
frequencies 
because it is 
much thinner




Rhinolophus ferrumequinum 




Hearing is tuned to echolocation 
frequency


CF bats

are tuned

to dominant

frequency


FM bats

show broad

frequency

sensitivity




The auditory pathway




Tonotopic map in the auditory system


Gray areas correspond to call 
frequencies


Auditory cortex


Auditory cortex is expanded at 
frequencies associated with 
echolocation




Neuronal tuning in horseshoe bats


Q10 = best freq/ bandwidth at -10 dB




Pteronotus parnellii 




Individual Pteronotus bats use unique 
CF frequencies




Combination-sensitive neurons encode 
range and velocity in CF bats




Tonotopic 
representation 

varies by 
species


Open space


Blood feeder
 Ground gleaner


Inferior colliculus 

frequency maps




Call design and foraging strategy




Echolocation in toothed cetaceans


•  Use clicks for echolocation

–  Very short duration produces 

broadband sound

•  In porpoise, click produced 

by air moving between sacs, 
focused by oil-filled melon


•  Echo received by fatty jaw 
that conveys sound to ear




Information decoded from echos


Target detection

Distance

Angular direction

Velocity & trajectory

Target size & shape


Frequency of echo

Pulse-echo time delay

Ear amplitude difference

Pulse-echo frequency change

Frequency of echo



