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Echolocation is an active orientation system that consists of producing high-frequency 

sounds and receiving the echoes (Neuweiler, 2000). Bats are one type of animal that uses 

echolocation. When bats produce and receive sounds, the information gathered from the echoes 

can tell the bat things such as the location, size, form and surface texture of an object (Neuweiler, 

2000). In basic terms, bats produce an auditory scene (Moss and Surlykke, 2010). Bats use their 

nose or mouth (depending on the species) 

to emit the sound, then the signal is 

received by their ears (Neuweiler, 2000).  

Instead of relying primarily on vision, 

which would be of little use to them in the 

dark, bats use echolocation. Bats use 

echolocation when foraging, flying, 

communicating, as well as navigating. 

Whether their surroundings are open 

fields, or dense environments, bats create 

an auditory scene to locate any obstacles 

in their line of flight or to find a food 

source (Moss and Surlykke, 2010). Depending on the species, bats use differing signals. There 

are two main categories of signals that certain species of bats use: constant frequency (CF) and 

frequency modulated (FM). CF signals are signals where the frequency does not change over 

time. In FM signals, the frequency changes over time.  

 

 

 

 

 

 

 

 

This is a very basic example of what is seen on a spectrogram. A spectrogram is a type of graph 

that displays sounds. The first four mock signals are FM signals, or signals that change 

frequencies over time. The first signal is slightly different from the next three, but it is still a FM 

signal. The last three mock signals are CF signals which do not change frequency over time, but 

like the name suggests, remain constant. Overall, a spectrogram shows the ranging frequencies 

Mexican free-tailed bats exiting Bracken Cave (Wikimedia) 
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and how long the signals are that the bats are producing to create their auditory scene. 

Frequencies are typically measured in kiloHertz and time is typically measured in milliseconds. 

  

Typically, bats that use the CF signals forage in open environments whereas bats that use 

FM signals forage in cluttered environments, such as near vegetation. CF signals are typically 

used in open environments because this type of signal provides reliable information about target 

range (Moss and Surlykke, 2010). FM signals are typically used in cluttered environments 

because the signal type makes it easier for the bats to discriminate prey from unwanted 

background echoes (Moss and Surlykke, 2010). Additionally, CF signals are used by the bats 

when searching for prey, whereas the FM signals are generally used when the bat is closing in on 

already detected prey (Simmons et al., 1978). Mexican free-tailed bats use both CF and FM 

signals when in flight and pursuing prey (Simmons et al., 1978). Each of the bandwidth’s gradual 

transition from narrow to broad occurs during flight for the bat to maintain its auditory scene 

when foraging (Simmons et al., 1978).  

The species of bat we’ll be focusing on is 

called Tadarida brasiliensis, or the Mexican free-

tailed bat. These bats are insectivorous, or insect 

eating. This species is common in the southwest 

United States. It is a migratory species that travels 

from South America to North America during the 

summer and migrates back south for the winter 

months (Davis, Herreid, & Short, 1962). While they 

live in the southwest, female bats live in maternal 

colonies in caves or other manmade structures. They 

produce both CF and FM signals, and alter their 

signal depending on their environment (Simmons et 

al., 1978). This ability of the Mexican free-tailed bat to change the length and bandwidth of its 

signal allow this species to be an efficient forager and navigator, and this summer we will be 

investigating the echolocation adaptations these bats make in different behavioral scenarios.   
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