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Passive acoustic monitoring in bat ecology and conservation
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Passive acoustic monitoring as a marine conservation tool
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TN 05 M (passive acoustic monitoring, PAM)

What is passive acoustic monitoring? And why

is 1t used for wildlife monitoring? Sound recorders
A (acoustic sensors) ‘ ‘
««g») (g
’ \ 1‘ o

BTN (Passive Acoustic Monitoring, PAM)
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FER. Audio recorders are better than cameras because they can

record species over far larger areas.
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TN NS (passive acoustic monitoring, PAM)

How do acoustic sensors work, and what data do they collect?

B
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Recording and processing of an acoustic signal
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TN NS (passive acoustic monitoring, PAM)

Why is Passive Acoustic Monitoring Important? Wi @ownes oo Svemsw  drwms S somws aro el Sovaliole

* Non-invasive Monitoring

« Long-term Data Collection

« Detection of Cryptic Species

« Habitat Use and Migration Studies

J A u'h nhoMi Al

* Environmental Impact Assessments g ’w w W ww’ Pl o s, o

 Biodiversity Monitoring

« Soundscapes and Ecosystem Health

« Policy and Conservation

A 20-second spectrogram, showing various audio frequencies, from Puerto Rico includes the calls of these six species. COURTESY OF SIEVE ANALYTICS

PAMERk AEYIS TR —IREEFE, (Yale E360)
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7&5}]”"“" M (passive acoustic monitoring, PAM)

Where can passive acoustic monitoring be useful
for ecologists and conservationists?

Acoustic sensors are small, increasingly affordable
and non-invasive, and can be deployed in the field for
extended times to monitor wildlife and their acoustic
surroundings.

The data can then be used for estimation of species
occupancy, abundance, population density and
community composition, monitoring spatial and
temporal trends in animal behaviour, and calculating
acoustic proxies for metrics of biodiversity.

Provided the challenges of data analysis are addressed
carefully, this can make acoustic sensors valuable tools Acoustic sensors are increasingly being used to monitor biological

for cost-effective monitoring of SpeCieS and diversity, illegal human activities such as the poaching of wildlife and
ecosystems and their responses to human activities. illegal logging.
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ADVANTAGES

Multiple taxonomic groups can be studied at the same
time, using the same equipment. Many devices are
capable of recording human audible range as well as
infra- and ultrasound.

il

. Temporal data acquisition
- enables the study of nocturnal +#
species, and diurnal, monthly,
and seasonal changes. Habitats
inaccessible during certain
season can be safely surveyed.

A s

_ Ease of scaling up spatial
sampling, including at remote
locations, can help test
ecological hypotheses at
appropriate scales and across
large gradients.

Organisms can be studied along
with relevant biogeochemical
processes, providing insights into

functional links. Sound-producing
environmental disturbances can
be studied with the same

equipment as affected organisms.

CHALLENGES

( f< There is both between and within species
variation in signal strength, frequency of calls,

and detectability. Not all life-history stages of
% ) vocalizing species make sounds. One species
may have more than one vocalization, and

multiple species can have the same
x vocalization through mimicry.

WWW (\_/)

Signals propagate non- unlfon'nly depending on habitat
structure, weather, signal type and strength. This
results into differential detection ranges that may be
difficult to estimate accurately.

I

y power-autonomous recorders that
nﬂ remotely send recordings to servers

Power and storage limitations may
)) require regular visits which may not
be possible in remote
environments. Low-power and

are in development.

Studied soundscapes can be affected by non-target
sounds, such as machinery, ships, traffic (anthropophony),
and weather and geological sounds (geophony).
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8. SRt

Passive acoustic monitoring provides a fresh perspective on fundamental ecological questions[J]. Functional Ecology,2023,37(4).
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Sugai M SL ,SilvaF ST, JrRWJ, etal. Terrestrial Passive Acoustic Monitoring: Review and Perspectives[J]. Bioscience,2019,69(1).
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A typical passive acoustic monitoring workflow

Sensor Survey Audio + Audio Species Statistical
technology design Metadata processing detection analysis
record |

occupancy
abundance trends
spatial distributions
behaviour
community diversity

denoising
signal detection
signal classification

stratified sample
N multi-sensor network

g

¥ -
4 >
o 3

multi-year replication

Soundscape
metrics T

sound pressure
spectral density
ecoacoustic indices

Emerging opportunities and challenges for passive acoustics in ecological assessment and monitoring
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mEEEMiEE——Choose the ‘correct’ bat detector

Pettersson DI 00 Pettersson M500

and M500-384

ACTIVE
MONITORING
Bat Detectors

Pettersson

o : PROFESSIONAL i ;ﬁ m
T
BeEIsR

{EiEiE

Baton Baton
and Baton XD

HIGHLY RECOMMENDED
PROFESSIONAL

Pettersson D1000x

|
i
1

..
o0 o888

Pettersson D230

Tu nd full

BATSCANNER and
BATSCANNER
Stereo

at call anaiysis & recordi
PROFESSIONAL

BAT AcroBAT

Worlc lable

PROFESSIONAL

(' BAT

C ONSERVATION
&MANAGEMENT

PROFESSIONAL

PROFESSIONAL

PROFESSIONAL

https://batmanagement.com/collections/bat-detector-buyers-guide-active-detectors
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mEEEMiEE——Choose the ‘correct’ bat detector
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PROFESSIONAL

PASSIVE MONITORING Bat Detectors

Pettersson D500x AnaBat Swift BAT ARI25/150EXT Titley RoostlLogger
The detec ystery ers are High gq t calls at High quality full spe n bat calls up High ¢ alls up Highly weathe me

to.H

PROFESSIONAL

i R .
HIGHLY RECOMMENDED PROFESSIONAL E lLl 3
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https://batmanagement.com/collections/bat-detector-buyers-guide-passive-detector:
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Home > UltraSoundGate

Avisoft-UltraSoundGate

The Avisoft-UltraSoundGate system is an integrated PC-based hardware and
software solution for recording and playing back ultrasonic signals both in the field
and in the laboratory, which has been specifically designed for bioacoustic
applications.
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Avisoft-UltraSoundGate is a turn-key
system that consists of a rugged data
acquisition hardware with USB
interface and a PC-based harddisk
recording software. Depending on the
specific application, various ultrasound
microphones or hydrophones can be
attached (see the signal flowchart),

Balanced analog inputs for high
immunity against electromagnetic
interferences,

Overload indicator & peak level meter
(model 116Hm and 116Hme only),

Digital inputs for external triggering
and timecode acquisition,

Rugged and compact design suited for
field use (all parts have been selected
for best performance and maximum
long-term reliability),

A ENhgsg——Avisoft UltraSoundGate

Selectable sample rates of up to 750
kHz with adaptive anti-aliasing filter,

Multichannel recording with
guaranteed synchronity from up to 12
channels,

Gain adjustment potentiometer either
continuous (standard version) or
stepwise with eleven 3dB increments
(optionally on request),

Easy plug-and-play installation,

The accompanying Avisoft-RECORDER
USGH software provides a real-time
spectrogram display, advanced
triggering facilities and many other
useful features.

Acoustic real-time (broad-band)
monitor (models 116xx only),

Trigger button for quick start and stop
of recordings.

Bus-powered operation (no need for
extra power-supplies, which is
important in the field),

Watertight, dustproof and unbreakable
transport box (model 116Hm only).
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ULTRASOUND
MICROPHONE
CM16 / CMPA
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LAPTOP /NETBOOK / TABLETPC

EXT TRG

..............................
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: H INTER- 0
: : P FACE| : uss
i CABLE

BAARARSSAASAANSARARSARARSARARAAAAARS A0 ARAARS AL AR ARG SR ARASARRAS
REAL-TIME
SPECTROGRAM
virtual
DISPLAY ultrasonic

monitoring

Avisoft

2

ACOUSTIC
MONITOR

PEAK
i CH LEVEL
: @IMETER

ACOUSTIC
MONITOR

HARD-DRIVE
BLUETOOTH
INTERFACE
...................... PSP -
: GPS : Pocket E
| Receiver | ; ‘vesther:
: : i Station

Principle of the UltraSoundGate system

https://www.avisoft.com/
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AR USTIE & ——Anabat

Detector

Time Expansion
(TE)

Full
spectrum/Direct
Sampling

How it works

Broadband
detector. Captures
a short sample of
sound and plays it
back at a slower
speed for
recording.

Broadband
detector. Records

sounds In real time

at their original
frequency.

Advantages

Sounds are
recorded in very
high detail making
the call structure
very clear and
enabling precise
measurements of
call parameters.

"Best of both
worlds" between
FD/TE. Sounds
recorded in high
detail with
continuous
detection in real
time.

Disadvantages

While the detector Mid-high price

Is playing back the
slowed-down
sounds It 1s not
detecting so bats
can be missed.

Very high sampling Higher price range
rate required which but cheaper

creates large files.

Price range

range.

Pettersson D-240X
Heterodyne and time expansion

models are also
available.

Anabat Walkabout Bat Detector-Full spectrum or zero crossing
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Detector How it works Advantages Disadvantages Price range
Heterodyne Tuneable detector. A range of species Not suitable for Cheapest of the
The bat calls are can be identified in spectrogram detectors.
converted to the field. Visual analysis. ID can't
distinctive sounds clues can be used be verified at a
within the as ID is made while later date. Only

frequency range the batis present. detects within a
humans can hear. They are simple to limited frequency

use. range at a time so
some species could
be missed.
Frequency Broadband Allows continuous Calls are recorded Cheapest of the
division (FD) detector. Detected detection so bats  in less detall broadband
sound Is outputted are less likely to be making sound detectors. Overall
in real time. missed. analysis more mid-high price
Frequencies challenging. range.
divided by ten for
recording.
Zero Crossing Broadband Creates very small Spectrograms less
(ZC) detector. Records files so can be left detailed than from
sounds as data in the field for a full spectrum and  Mid-high price
points which plot  long time before time expansion range.

how frequency the SD or CF card detectors. o
changes over time. fills up. Baton & Duet — Frequency Division
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AUdiOMOth AudioMoth | HydroMoth | AudicMoth Dev | pMoth | Waterproof Case | Underwster Case

AudicMoth is a low-cost, full-spectrum acoustic logger, based on the Gecko processor range from Silicon Labs. Just like its namesake the
moth, AudioMoth can listen at audible frequencies, well into ultrasonic frequencies. It is capable of recording uncompressed zudio to

microSD card at rates from 8,000 to 384,000 samples per second and can be converted into a full-spectrum USB microphone.

*» EFM32 Gecko processor

* Capable of recording at sample rates up to 384kHz

* Records uncompressed WAV files to microSD card

» Can be converted into a full-spectrum USB microphone

* Powered by 3 x AA batteries

* Anzlog MEMS microphone
* Anzlog pre-amplifier with adjustable gain
* Measures just 58 x 48 x 12 mm

» Configurable USB interface

* Onboard real-time clock keeps track of time in UTC

* Exposed header for 3.5mm jack mic from version 1.2.0 onwards
R A B £ 333 7= ST R Y

Click Getting Started for help setting up a new AudicMoth.

To download a manual containing all AudicMoth information for offline usage click here. https://www.openacousticdevices.info/audiomoth
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BERENhS S
AudioMoth Dev

AudioMoth Dev is a variant of the standard AudioMoth 1.2.0 designed as a development board for skilled users to integrate into other
boards and products.

AudioMoth DevEZ#HrA
AudioMoth 1.2. 0f§— (K,
Wit A AR, HE%HF
S| AR~ R A

Power socket (JST-PH) supporting 3.7 - 6V batteries
All controls, indicators and 10O ports broken out to 5 JST-PH style headers
3.5 mm jack socket for external electret condenser microphones

Compatible with all AudioMoth software

MicroMoth

MicroMoth is a micro-size variant of the standard AudioMoth 1.1.0 open-source design, while maintaining full compatibility with all

versions of the existing firmware.
1 MicroMothE2#r4E
3 AudioMoth 1.1.0FFE&
p THOBAURA, REHR
3 ST E LA EhRA
NEERAM,

https://www.openacousticdevices.info/audiomoth

» Power socket (JST-PH) supporting 3.7 - 6V batteries
o Measures just 32 x 24 mm

» Weighs just 5g (excluding battery)

o Compatible with all AudioMoth software

The MicroMoth datasheet is available here. ZSL | LEISWORK  ARRIBADA

FOR WILDLIFE
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EaseTliadz— SONG METER SM4BAT

SONG METER SM4BAT FS ULTRASONIC RECORDER $999.00 (USD)

SOLD OUT UNTIL END OF YEAR

Specially engineered to capture quality ultrasonic bat recordings, the Song Meter Oty: - ,
SM4BAT is the industry-leading bat detector and recorder.

Microphone, batteries and flash cards sold separately.

https://www.wildlifeacoustics.com/products/song-meter-sm4bat
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BEZIENISE—SONG METER MINI BAT

SONG METER MINI BAT ULTRASONIC RECORDER

An innovative tool for detecting and recording bat vocalizations, the Wildlife
Acoustics Song Meter Mini Bat gives scientists an ultrasonic recorder specially
designed to offer simplicity without sacrificing quality.

()
WILDLIFE

-

$749.00 (USD)

SOLD OUT UNTIL END OF YEAR

Add Acoustic Microphone Stub for Mini Family to cart to
record birds and land animals when not recording bats.

m i &

https://www.wildlifeacoustics.com/products/song-meter-mini-bat
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FEATURES

FEATURES -

Industry standard line of ultrasonic bat audio recorders, with over 20,000 SM4 family recorders sold
to date

Proven and reliable, with only 0.64% of recorders requiring in-warranty repairs
3-year warranty

Weatherproof design suitable for any environment

Designed for use with the low-noise, waterproof SMM-U2 microphone

Built-in fail-safe and fault-tolerant tech, including two flash cards for failover and extensive internal
diagnostics

Compact, at 8.6" x 6.0" x 3.1" (218 mm x 152 mm x 78 mm)

Extended field deployments, with up to 48 ten-hour nights of battery life using alkaline batteries, or
even longer using external power.

Choose a quick-start schedule or easily create your own

GPS attachment allows you to set date, time and location for multiple recorders
Advanced triggering to record only when bats are present

Optional noise scrubber automatically deletes false triggers that do not contain bats
Optional 16 kHz high pass filter to reduce lower frequency noise

Capable of storing terabytes of data on two SDHC/SDXC flash cards

Save card space via W4V compression, doubling the capacity of SD cards without degrading recording
guality

Compatible with Kaleidoscope Pro software to quickly review recordings and automatically suggest bat
species (in supported regions)

« Comparable recording quality to the industry standard Song Meter SM4BAT

+ Recordsin Full Spectrum and/or Zero Crossing

« Lightweight, at just 0.64 |b/290 g (including batteries)

« The smallest ultrasonic bat recorder available, at just 49" x 5.3" x 1.4" (123 mm x 134 mm x 36 mm)
« Weatherproof design suitable for any environment

s Low-noise microphone detects and captures more bat recordings

« Advanced triggering records only when bats are present

s Optional noise scrubber automatically deletes false triggers that do not contain bat vocalizations
« Change settings and schedule wirelessly via Bluetooth on your mobile device

« Automatically sends recorder status to the app via Bluetooth

« Uses your mobile device to set date, time, time zone and location

+ Optional microphone attachment ($75) allows you to also record birds, frogs and other vocal wildlife

« Record up to 25 ten-hour nights with 4 AA batteries (or 125 ten-hour nights with 6 lithium-ion batteries
in optional lid)

« Compatible with Kaleidoscope Pro software to quickly review recordings and automatically suggest bat
species (in supported geographies)

« Affordably priced at $749, including one built-in ultrasonic microphone

song-meter-sm4bat

song-meter-mini-bat
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AESeia#5——ECHO METER TOUCH 2

ECHO METER TOUCH 2 FOR ANDROID (USB-C) $179.00 (USD)

IN STOCK [NOTE: NOT COMPATIBLE WITH APPLE
I0S DEVICES, INCLUDING THOSE WITH USB-C
CONNECTORS.]

ADD TO CART

Flying at night, using ultrasonic vocalizations — bats can be hard for people to detect. ’
But with the sophisticated technology inside the affordably priced Echo Meter Touch o -
2, you can turn your smartphone or tablet into a professional-quality, interactive bat e e e o

detector, allowing you to hear and record bats flying above you in real-time! Android devices with Micro USB connectors require the
use of an adapter. See list of compatible devices and

*Not compatible with Apple iOS devices, including those with USB-C connectors adapter detalls here.

Q Q
https://www.wildlifeacoustics.com/products/echo-meter-touch-2-android-2
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Echo Meter Touch 2 Bat Detector
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Brinklar M M S ,Macaulay J ,Bergler C , et al. Open-source workflow approaches to passive acoustic monitoring of bats[J]. Methods in Ecology and Evolution,2023,14(7).
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Brinklar M M S ,Macaulay J ,Bergler C , et al. Open-source workflow approaches to passive acoustic monitoring of bats[J]. Methods in Ecology and Evolution,2023,14(7).
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Brinklar M M S ,Macaulay J ,Bergler C , et al. Open-source workflow approaches to passive acoustic monitoring of bats[J]. Methods in Ecology and Evolution,2023,14(7).
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Distribution of Bat Activity across Microphone Heights at Flat Rock Site
Report - Multi-Year Acoustic Monitoring of Bats at the Maple Ridge Wind Project. 2011.
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ACOUSTIC MONITORING DRIVES EFFORTS TO BAT CONSERVATION

Help Monitor Bats from Your Car

Help Researchers collect data and learn more about bats, by becoming
a citizen scientist today!

Use a bat detector to record bat calls
along the road system.
No experience? No problem! We will
walk you through the instructions
step-by step.

Call Callie Simmons at the Sitka Sound |+ <
Science Center @907-747-8878 or :
visit us M-Sat. to sign up!

Visit www.akcitizenscience.net o

email csimmons@sitkascience.org with questions
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GPS track with bat calls overlaid that were picked up along
the transect, shown in Google Earth Pro.
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8
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Directions: To hare - From here

Zoom in of species ID info that is shown on track, in
Google Earth Pro.
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Passive acoustic monitoring in bat ecology and conservation
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