
How Far Can We Hear with 
Bioacoustics?

Tyne Baker, M.Sc., P.Biol.
A/Vian Ecological Consulting Inc.



• Detection radius is the maximum distance a 
signaller can be from a device and still be 
detected.

What is detection radius?



What is detection radius?



What is the detection radius of an 
acoustic monitoring device?

• Why is this a difficult 
question?



Factors Affecting Detection Radius
• Device-specific 

limitations
• Landscape, Vegetation, 

and Environmental 
factors

• Species-specific signal 
radius



• Average sensitivity
• Frequency-specific sensitivity

Device- Microphone Response

Wildlife 
Acoustic’s SMM-
A1 audible range 

microphone 



Device- Microphone Response

Wildlife 
Acoustics’ SMM-

U2 ultrasonic 
microphone



Device- Outputs
• There are additional 

constraints on the 
outputs of your 
monitor, spectrogram 
graphing program, and 
headphones.

Audiotechnica’s MSR7

Sony’s MDR XB950B1



What is the effect?
Average 
sensitivity



What is the effect?
~1.5-6khz

Sensitivity at 
40khz

Sensitivity at 
1khz

Frequency 
Specific 
Sensitivity

~40-95kHz



Device- Microphone Directionality
• Omnidirectional 

microphones have 
a near-spherical 
directional 
response.



Device- Microphone Directionality



Device- Microphone Directionality
• Directional microphones 

filter some noise by focusing 
recording to a narrow angle.

• Some microphones have this 
built-in

• Some microphones have 
accessories (“horns”) that 
change them from 
omnidirectional to 
directional.



What’s the effect?
Omnidirectional

Directional



Device- Battery Life
• A microphone’s sensitivity may be 

dependant on battery voltage.
• The effect of this will vary based on 

settings, microphone type and device.
• Some suppliers may have built in 

switches or adjustable settings to cut-
off recording at a specific voltage.



Device- Battery Life
• A battery’s voltage change over use.

Starts over-charged

Discharges at a constant rate

Voltage drops off



What is the effect?
Diminishing 
voltage.



Device- Gain
• Gain for microphones is similar to 

volume for speakers.
• Higher gain means a higher 

sensitivity to both signal and 
noise.

• Maximizing gain may 
paradoxically decrease detection 
radius.



Device- Gain

Signal to Noise 
ratio



Device- Gain

Signal to Noise 
ratio

Increasing 
gain

Increasing 
gain



What is the effect?
High gain 
and high 
signal 
amplitude.



Environment- Ambient Noise
• Ambient noise is any sound that excluding the 

signal that a listener is attempting to observe.



Environment- Ambient noise

Set to same 
gain value. 
“Darkness” 

seen is 
measure of 

sound 
energy 

(amplitude)
. 



What is the effect?

Data captured but 
not able to parse

Meaningful 
data capture

Lose distant 
and quiet 

signals.



Environment- Echoes
• Echoes can facilitate a signal masking itself.
• On a spectrogram echoes have a smearing 

effect.



Environment- Echoes

Swamp sparrow Chipping sparrow

Second 
overlapping bat 
or harmonic 
echo?



Echoic Environments



What is the effect?
Data captured but 
not able to parse

Meaningful 
data capture

Lose distant 
and quiet 
signals.



Environment- Ground Vegetation
• Harder ground absorbs less 

sound.
• Dense ground cover absorbs  

more sound.
• Softer vegetation absorbs 

more sound (eg. grasses vs. 
hardwoods.)



Ground Vegetation
Bear Ground

Sparse Vegetation

Full Vegetation

Bare Ground



What is the effect?
Sound 
absorbed 
by ground 
substrate.



Environment- Vertical Growth
• Leaf on conditions absorb 

more sound than leaf off 
conditions.

• Mature forest is more 
reflective (echoic) than open 
field.



Environment- Vertical Growth
• Forests have frequency 

windows: ranges of sound that 
travel better through the 
habitat than frequencies 
above or below this range.

• These windows are not found 
in edge or open habitats.

✔



What is the effect?
Detection 
within 
frequency 
window. Low

High

Within Window



Environment- Climate
• Sound is a (p)ressure wave in a gas medium.
• In an open system, ambient (T)emperature, barometric 

(p)ressure, humidity (ie. (n) moles of water) affect 
sound propagation. 

• The effects of climatic variables are dependant on 
frequency of the signal.

pV=nRT Shh… don’t tell the physicists and engineers 
we’re borrowing their formulae. ISO 9613-1



What is the effect?

~40-95kHz~2.5-7.5kHz



What is the effect?

~40-95kHz~2.5-7.5kHz



Species-specific- Signal Radius
• How far an 

individual’s signal will 
travel before 
dissipating.



Species-specific: External Variables
• Climate affects specific frequencies variably.
• Frequencies are captured with different efficacy 

depending on microphone response.
• Ambient noise like industry and wind often have heavier 

masking in lower frequencies.
• Ultrasonic ambient noise like rain can be confused for 

bats by auto-recognition programs.
• Frequency windows constrain sound transmission in 

forested areas.



Species-specific: Frequency
• Frequency of signal may be 

optimized for the function of 
signal.

• Many long-range signals that fall 
into frequency windows that have 
optimal transmission in that 
species’ habitat.

• In open habitats this is often 
lowest frequency sound.



Species-specific: Frequency
• Higher frequencies are dissapated more easily 

than low frequencies.



Species-specific: Frequency
• Frequency of signal can be 

constrained by the size of 
the signaller.



What is the effect?
~1.5-6khz

~40-95kHz

Lower 
frequency 
signals travel 
further.



Species-specific: Entropy

Tonal: 
• Concentrated around a 

specific frequency, ie. pure-
tone like.

• Better forest transmission.
• Less susceptible to echo 

“blur”.

Modulation:
• Sweeping frequencies, a more 

broadband signal. 
• Temporal variation means 

signal retains meaning better 
during transmission in open 
habitats.



Species-specific: Entropy



Species-Specific: Amplitude
• Some species make identifiable soft-

calls in aggressive interactions, or 
near nests/roosts.

• Low amplitude signals are typically 
directed toward receiver in close
proximity.

• These signals may be more difficult 
to capture by eavesdropping.



What is the effect?
Higher 
amplitude 
signals 
travel 
further



What is the detection radius of an 
acoustic monitoring device?

• Why is this a difficult 
question?



Example 1- Multispecies (Birds)
• Multispecies survey with a 

focus on birds.
• The footprint of the project 

is in a grassy field (ground 
vegetation).

• Adjacent to a forest 
(vertical growth).



Example 1- Multispecies (Birds)
• She plans to record for more 

days than she needs to analyze 
to account for dropping windy 
days (ambient noise).

• She will also analyzes more 
time than a a single species 
survey to account variable 
response to atmospheric 
conditions (climate).



Example 1- Multispecies (Birds)
• She knows the area has 

lots of Western 
Meadowlark (species 
amplitude).

• She sets the gain to 
device standard to help 
avoid blow-out from 
loud songs (gain).



Example 1- Multispecies (Birds)
• She knows there is 

noisy infrastructure 
within her footprint 
(ambient noise).

• She places recorders at 
edge of footprint.



Example 1- Multispecies (Birds)
• Grass will help mute the 

infrastructure (ground 
vegetation).

• Species will be closer 
than infrastructure to 
the microphone (signal 
radius).



Example 1- Multispecies (Birds)
• Detection radius covers 

the footprint and 
buffers.



Example 1- Multispecies (Birds)
• Because the footprint 

is small she moves a 
few recorders closer to 
the forest edge so 
tonal species forest 
and modulated 
grassland species are 
captured (species 
entropy).



Example 2- Bats
• Bioacoustics bear 

wants to know if bats 
are migrating 
through an area 
where a wind turbine 
might be placed.



Example 2- Bats
• She needs a microphone 

with a good response in the 
10-100khz range 
(frequency specific 
microphone response).

• She also wants to be able to 
check audible range for 
incidental observations of 
other taxa (average 
microphone response).



Example 2- Bats
• She decides to use a solar 

panel to keep the battery 
charged over a longer 
duration (battery life).

• She reduces loss of detection 
radius from low voltage.

• She mounts panel well below 
microphone to reduce echoes 
off hard surface (echoes).



Example 2- Bats
• She drop any nights 

with rain heavy rain.
• She avoids areas with 

moving water by 
placing up or 
downstream 
(ambient noise).



Example 2- Bats
• High frequency calls dissipate 

quickly, targets areas of good habitat 
to make best use of detection radius 
(species-frequency).

• Some old structures in the area look 
like good habitat. 

• She places microphones near but 
not on structures to avoid 
reflections (echoes) from hard 
surfaces.



Example 3- Anurans
• Bioacoustic Bear 

wants to survey a 
pond where a new 
project footprint will 
fall within the 
provincial buffer for 
breeding amphibians.



Example 3- Anurans
• She uses two omni-

directional microphones 
pointed along the edges of 
the pond of interest 
(microphone 
directionality).

• Also she uses backer 
board positioned to block 
contamination from ponds 
that are not of interest.



Example 3- Frogs
• She captures quiet 

screeching begging 
calls between bouts of 
Western Toad chorus 
(species amplitude).

• She searches the area 
to find a barred owl 
nest.



Summary of Variables
Device
• Microphone 

response
• Microphone 

directionality
• Gain
• Battery life

Environment
• Ambient noise
• Echoes
• Climate
• Ground 

vegetation
• Vertical growth

Species-specific
• Frequency
• Entropy
• Amplitude



Tyne Baker
A/Vian Ecological Consulting Inc.

www.avianeco.com

• Demystify technology.
• Plan scientifically 

defensible projects.
• Gather usable data.

Questions?
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