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FIGURE 3 Overview of deep learning applications in ecology depending on the study scale. Symbols courtesy of the Integration and
Application Network, University of Maryland Center for Environmental Science (ian.umces.edu/symbols/). The numbers in brackets refer to
references as provided in supporting information 1



Passive acoustic methods
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The AudioMoth recording device in New Forest National Park, in the UK., where it is searching for sounds of the New Forest cicada. COURTESY OF ALEX ROGERS

https://www.wwf.org.uk/project/conservationtechnology/acoustic-monitoring



Passive acoustic methods
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) Training Sets

> Soundscape Composition

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

https://e360.yale.edu/features/listening-to-nature-the-emerging-field-of-bioacoustics
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Monitoring: Review and

Perspectives
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Cite this article: Barbaro L ef al. 2019 Biotic
predictors complement models of bat and bird
responses to climate and tree diversity in
European forests. Proc. R. Soc. B 286:
20182193.
http://dx.doi.org/10.1098/rspb.2018.2193
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Type of bat sounds

Greater horseshoe bat (Rhinolophus ferrumequinum) Natterer's bat (Myotis nattereri)




Many species with similar sounds

150 kHz Spectrogram, FFT size 512, Hanning window. 150 kHz Spectrogram, FFT size 512, Hanning window.
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Identification based on acoustic measurements

Acoustic Ecology
of European Bats

pecies Identification, Study
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Automatic bat species identification o
biotope

BatScope 4

Einfithrungskurs zu BatScope 4
am 15. Januar 2021
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Bat detective—Deep learning tools for bat
acoustic signal detection

Biological Conservation

journal homepage: www.elsevier.com/locate/biocon

Automatic standardized processing and identification of tropical bat calls
using deep learning approaches g

?

Xing Chen™', Jun Zhao™', Yan-hua Chen®, Wei Zhou"*, Alice C. Hughes™*

“ Center for Integradve Conservadon, Xishuangbanna Tropical Boeanical Garden, Chinese Academy of Sciences, Menghm 666303, China
* Software School, Yunnan University, Kunming 650500, China
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The Project: Acoustic sampling in Vas county, Hungary
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Building automatic species identification model

- bat sound library

* 12 species:
* Barbastella barbastellus
* Myotis bechsteinii

Myotis emarginatus * Manually identified sounds based on
° Myotls myotis measurements

* Myotis daubentonii

« Eptesicus serotinus * Recordings from identified individuals

* Nyctalus leisleri

* Nyctalus noctula

* Pipistrellus kuhlii

* Pipistrellus nathusii S~ 65.000 Samples (0 1 SEC)
* Pipistrellus pipistrellus ’ ’ ’

* Pipistrellus pygmaeus



What else on the recordings?

tawny owl chicks




Nocturnal birds

Xen0'canto Search recordings...

Sharing bird sounds from around the world
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About v Explore v Upload Sounds Forum Mysteries Articles

Aegolius funereus — 292 recordings

Asio flammeus — 102 recordings

Asio otus — 616 recordings

Athene noctua — 752 recordings

Bubo bubo — 335 recordings
Caprimulgus europaeus — 640 recordings
Crex crex — 455 recordings

Glaucidium passerinum — 343 recordings
Otus scops — 356 recordings

Strix aluco — 414 recordings

Strix uralensis — 180 recordings

Tyto alba — 374 recordings

2:~ 107.000 samples (3 sec)




Common approach — image classification

soundfile

spectrogram

using “Darknet YOLO” program
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Bat pictures | Bird pictures
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Bat model Bird model

64 x 64 input layer
10 convolutional layers

GPU: 4 x Nvidia GeForce GTX 1080 Ti
11.2 GB RAM

~90% accuracy ~ 85% accuracy



Directions of improvement

ROC Curve
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Audio Recording

* Pre-processing of recordings
o Data Modeling
* Data augmentation I e —
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Usage of the method in our project
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