/. Too much data!
Q: Auto-detection to the rescue!

NOTE: Depending upon how many bats are
18:00 - 05:30 = 10.5 hrs detected throughout the night, an
experienced reviewer can analyze one
night’s recordings from one detector in

detect h night
x 5 detectors each nig 3.5 hours

x 3 nights per month (new moon)

= |57.5 hrs to review each month
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| min =46 MB
All night = 28,980 MB = 28 GB!
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NOTE:  Depending upon how many bats are
detected throughout the night, an
experienced reviewer can analyze one
night’s recordings from one detector in
3-5 hours 


Journal of Applied Ecology 2012, 49, 1064-1074 doi: 10.1111/j.1365-2664.2012.02182.x

A continental-scale tool for acoustic identification of
European bats

Charlotte L. Walters'?>*, Robin Freeman®®, Alanna Collen’, Christian Dietz®, M. Brock
Fenton’, Gareth Jones®, Martin K. Obrist®, Sébastien J. Puechmaille'®112,
Thomas Sattler'>'*'5, Bjérn M. Siemers'’, Stuart Parsons'®t and Kate E. Jones™'"t

'Institute of Zoology, Zoological Society of London, Regents Park, London, NW1 4RY, UK; *Bat Conservation Trust,
Quadrant House, 250 Kennington Lane, London, SE11 5RD, UK; *DICE, University of Kent, Marlowe Building,
Canterbury, Kent, CT2 7NR, UK; *CoMPLEX, University College London, Gower Streel, London, WC1E 68T, UK;
*Computational Ecology and Environmental Science, Microsoft Research, Cambridge, CB3 0FB, UK; “Department of
Anirmal Physiology, University of Tabingen, Auf der Morgenstelle 28, D-72076, Tabingen, Germany; ' Department of
Biology, Western University, London, ON, N6A 587, Canada; " School of Biological Sciences, University of Bristol,
Woodland Road, Bristol, BS8 1UG, UK; "Biodiversity and Conservation Biology, Swiss Federal Institute for Forest,
Snow and Landscape Research WSL, Zuercherstrasse 111, 8903, Birmensdorf, ZH, Switzerland; '°School of Biology
and Environmental Science, University College Dublin, Belfield, Dublin, 4, Ireland; "' Sensory Ecology Group, Max
Planck Institute for Ornithology, 82319, Seewiesen, Germany; '*Groupe Chiroptéres de Midi-Pyrénées (CREN-
GCMP), Toulouse, France; "*Community Ecology, Swiss Federal Institute for Forest, Snow and Landscape Research
WSL, Via Belsoggiorno 22, 6500, Bellinzona, Switzerand; **institute of Experimental Ecology, University of Uim,
Albert-Einstein-Allee 11, 89069, Ulm, Germany; '*Smithsonian Tropical Research Institute, Balboa, Ancon, Republic
of Panama; "®School of Biological Sciences, University of Auckland, Private Bag 92019, Auckland, New Zealand; and
""Department of Genetics, Evolution and Environment, University College London, Darwin Building, Gower Street,
London, WC1E 68T, UK

Summary

1. Acoustic methods are used increasingly to survey and monitor bat populations. However,
the use of acoustic methods at continental scales can be hampered by the lack of standardized
and objective methods to identify all species recorded. This makes comparable continent-wide
monitoring difficult, impeding progress towards developing biodiversity indicators, trans-
boundary conservation programmes and monitoring species distribution changes.

2. Here we developed a continental-scale classifier for acoustic identification of bats, which
can be used throughout Europe to ensure objective, consistent and comparable species identi-
fications, We selected 1350 full-spectrum reference calls from a set of 15 858 calls of 34 Euro-
pean species, from EchoBank, a global echolocation call library. We assessed 24 call
parameters to evaluate how well they distinguish between species and used the 12 most useful
to train a hierarchy of ensembles of artificial neural networks to distinguish the echolocation
calls of these bat species.

3. Calls are first classified to one of five call-type groups, with a median accuracy of 97-6%.
The median species-level classification accuracy is 83-7%, providing robust classification for
most European species, and an estimate of classification error for each species.

4. These classifiers were packaged into an online tool, iBatsID, which is freely available,
cnabling anyone to classify European calls in an objective and consistent way, allowing stan-
dardized acoustic identification across the continent.

8. Synthesis and applications. iBatsID is the first freely available and easily accessible conti-
nental-scale bat call classifier, providing the basis for standardized, continental acoustic bat
monitoring in Europe. This method can provide key information to managers and conserva-
tion planners on distribution changes and changes in bat species activity through time.

The iBats Program monitors
bat populations globally by
monitoring sounds bats use
to navigate and find food.

Volunteers around the worid collect bat
sounds and together we keep track of any
changes in abundance or distribution of
these amazing species.

Find out how you can become involved
today: www.ibats.org.uk
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Summary

1. Acoustic methods are used increasingly to survey and monitor bat populations. However,
the use of acoustic methods at continental scales can be hampered by the lack of standardized
and objective methods to identify all species recorded. This makes comparable continent-wide
monitoring difficult, impeding progress towards developing biodiversity indicators, trans-
boundary conservation programmes and monitoring species distribution changes.

2. Here we developed a continental-scale classifier for acoustic identification of bats, which
can be used throughout Europe to ensure objective, consistent and comparable species identi-
fications. We selected 1350 full-spectrum reference calls from a set of 15 858 calls of 34 Euro-
pean species, from EchoBank, a global echolocation call library. We assessed 24 call
paramctcrs lo evaluate how well they dlsungmsh between specncs and used the 12 most uscful

4. These class:ﬁers were packaged into an onlme tool, iBatsID, \\hnch is fmly available,
cnabling anyone to classify European calls in an objective and consistent way, allowing stan-
dardized acoustic identification across the continent.

8. Synthesis and applications. iBatsID is the first freely available and easily accessible conti-
nental-scale bat call classifier, providing the basis for standardized, continental acoustic bat
monitoring in Europe. This method can provide key information to managers and conserva-
tion planners on distribution changes and changes in bat species activity through time.
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the use of acoustic methods at continental scales can be hampered by the lack of standardized
and objective methods to identify all species recorded. This makes comparable continent-wide
monitoring difficult, impeding progress towards developing biodiversity indicators, trans-
boundary conservation programmes and monitoring species distribution changes.

2. Here we developed a continental-scale classifier for acoustic identification of bats, which
can be used throughout Europe to ensure objective, consistent and comparable species identi-
fications. We selected 1350 full-spectrum reference calls from a set of 15 858 calls of 34 Euro-
pean species, from EchoBank, a global echolocation call library. We assessed 24 call
parameters to evaluate how well they distinguish between species and used the 12 most useful
to train a hierarchy of ensembles of artificial neural networks to distinguish the echolocation
calls of these bat specics.
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8. Synthesis and applications. iBatsID is the first freely available and easily accessible conti-
nental-scale bat call classifier, providing the basis for standardized, continental acoustic bat
monitoring in Europe. This method can provide key information to managers and conserva-
tion planners on distribution changes and changes in bat species activity through time.
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What is needed for auto classification?

Can we first filter-out “noise” (e.g., insects)
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“NOise” “NOise”

Correct False Negative

OK to delete file (poor signal : noise ratio)
Mistake to delete file




EXAMPLE:
Windsor Road
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Wildlife Acoustics ““Noise” filter
A B

C D E
Z:\Bat Recordings-SongMeter & Pettersson\Echo Meter\Data_2015_02-11_W.indsor road\
callViewerl7
Time: 12-Feb-2015 11:56:08

WAV FILE INFORMATION

Number of channels: Total number of files 184
Sampling rate (Hz): Classified noise 153
Resolution (bits): “"Noise" incl. bat 30

% false negative 19.7%

QUICK SUMMARY PARAMETERS
UPPER cutoff frequency: (kHz):

All Phyllostomidae misclassified as “noise

LOWER cutoff frequency: (kHz):

QUICK SUMMARY
Classified Includes

File name Noise bat numcCalls, 510 dB
EM3-JIM_N_20150211_182427.wav 1 11

EM3-JIM_N_20150211_182443.wav
EM3-JIM_N_20150211_183218.wav
EM3-JM_N_20150211_183237.wav
EM3-JM_N_20150211_183253.wav
EM3-JM_N_20150211_183305.wav
EM3-JM_N_20150211_183310.wav
EM3-JM_N_20150211_183316.wav
EM3-JM_N_20150211_183515.wav
EM3-JM_N_20150211_183624.wav
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15 dB




Creating a Call Library:
What is needed?

Complete frequency range of 2nd Harmonic

PTMA vs. PTQU

Information missing from call




Creating a Call Library:
What is needed?

Adequate Sample Rate for ALL species

Inadequate
bandwidth j 180 kiz
for tropical

bats l =

190 kHz




Creating a Call Library:
What is needed?

Minimal “noise’’, no echoes




monitoring sounds bats use
1o navigate and find food.

’ % e B Program morors Towards Auto-ldentification

Table S2. Definitions of the 24 call parameters extracted by SonoBat version 3.

v * denotes the 12 parameters selected for training the classification tool of iBAT.

changes in abundance or distribution of
these amazing species.

Find out how you can become invoived Parameter Parameter
today: www.ibats org.uk
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FMin* Minimum frequency of the call (kHz)

FPeal* Frequency of the call at the point of maximum amplitude (KHz).

See Walters et al. 2014 for FMax* Maximum frequency of the call (kHz)
complete list

Bandwidth: total frequency spread of the call, calculated from the

BW* : , - :
difference between maximum and minimum frequencies of the call

Dur* Duration of the call (ms)

FCtr* Frequency at half the duration of the call (KHz)

Characteristic frequency: frequency of the instantaneous point in the

FC*
final 40% of the call with lowest slope (KHz)

Frequency at which the initial slope of the call most abruptly transitions
to the slope of the body of the call (KHz)

Frequency of the most extended flattest slope section of the call
preceding the characteristic frequency (KHz)

Slope in the first 5% of the call duration (KHz/ms)




iBATS - Caribenos ?
A Work in Progress!
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