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Why wildlife monitoring?

P

iJ

» Geographical distribution
« Abundance estimation
 |dentification of individuals

Essential for conservation science



Wildlife Monitoring

Passive Acoustic Monitoring (PAM)
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Species call identification
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Common

methods

e

Hidden Markov Model
Random Forest
Convolutional Neural Network
DBSCAN

Support Vector Machine

Hidden Markov Model

Random Forest

Convolutional Neural Network

Learning algorithm for multivariate analysis

Convolutional Neural Network
Artificial Neural Network
Hidden Markov Model
Random Forest

Spectral clustering

e

* Convolutional Neural Network

Research question

Species — specific
Labels

Prior knowledge
Taxonomic groups

Computational recourses




Comparative study of automatic animal sound identification

Methodology

e o e R e R R R M e REm M M e R REm M R REm MEm M e REm REm M R REm REm M e REm REm M R REm REm M R REm REm M e REm R M e REm M M e REm R M R REm M M e REm R M e R R M e R e e e e oy

_ _ Methods
Methods selection Methods analysis performance

— |8 | —>

o T Em = = = = = E———

R
&
I:II:I IIII‘

——————————————————————————————————————————————————————————————————————————————————

— o o o o o o o



Comparative study of automatic animal sound identification
Methodology
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Methods selection and evaluation metric

Methods selection Evaluation metric

i By .
@Fﬁ*_\ Predicted
Supervised ¢ !}fiﬁ{i Unsupervised 0 1
Learning {L&ﬁ ',i}:j’-} Learning
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~ >
s}
< 1 FN TP
User interface | — - No user TP
(GUI) interface (GUI) Precision =
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- I"\,.. TP+ FN
nline Local
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</> F1 = 2 X Precision X Recall
- Precision + Recall

Python
Matlab



Methods selection

Supervised Learning Unsupervised Learning
Name Method Authors Name Method Authors
ARBIMON Random Forest Rainforest Connection ARBIMON DBSCAN Rainforest Connection
- Kaleidoscope Spectral . :
Raven Pro - Koogu Convo:\lljgt(\),\? (;elrIkNeuraI Cornell Lab of Ornithology Pro Clustering Wildlife Acoustics

Acoustic Animal

Identification LAMDA 3pi Guerrero et al., 2023

9
Guerrero, M. J., Bedoya, C. L., Lopez, J. D., Daza, J. M., & Isaza, C. (2023). Acoustic animal identification using unsupervised learning. Methods in Ecology and Evolution, 14, 1500-1514.



Methods analysis
Supervised learning methodologies

Name

Method

Authors

Method setup

Characteristics

ARBIMON

Random Forest

RAINFOREST
@ CONNECTION

Pattern matching — Detection
threshold

Absences and presence of the
vocalization

Datset split (train and validation)

User interface

Cloud storage

Online platform
Collaborative projects
Different taxonomic groups
Species — specific

Manual labeling

Raven Pro -
Koogu

Convolutional
Neural Network

TheCornellLab ﬁ”
of Ornithology

Network achitecture (number and
type of layers)

Activation function

Learning rate

Batch size

Number of epochs

Different taxonomic groups
Species — specific

Manual labeling
Reproducible
Computational resources
Parameter setting

Python skills
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Methods analysis

Unsupervised learning methodologies

Identification

2023

Name Method Authors Method setup Characteristics
AED parameter setting User interface
Epsilon (maximum Cloud storage — online platform
distance between Collaborative projects
ARS:El\{:_gN ) DBSCAN @ Eﬁll\lhll\llif%%[slﬁ points) Different taxonomic groups
ﬂ Minimum number of Species — specific
points to form a cluster Parameter setting
Cluster size Cluster interpretation
. User interface
Vreqtlj_enc_y ra:jnge : Different taxonomic groups
| (( . <)) oca |;at|on gratlon Vil s
Kaleidoscope Spectral o FFT window size Species — specific
Pro Clustering Y\!IDLUDSLTI.EES I\/IIaX|mum distance to Collaborative projects
K/Iuster cegter £ ol Parameter setting
EN MU0z € Gl Manual cluster interpretation
Different taxonomic groups
Multiclass
Acoustic Animal LAMDA 3pi Guerrero et al., NoO need Species — specific

Fuzzy clustering
Collaborative projects
Manual cluster interpretation

Guerrero, M. J., Bedoya, C. L., Lopez, J. D., Daza, J. M., & Isaza, C. (2023). Acoustic animal identification using unsupervised learning. Methods in Ecology and Evolution, 14, 1500-1514.
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Clustering Interpretation
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Cluster to animal call association

Sonotypes identification

using Guerrero et al., 2023 Animal calls segmentation Animal call identification
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Guerrero, M. J., Bedoya, C. L., Lépez, J. D., Daza, J. M., & Isaza, C. (2023). Acoustic animal identification using unsupervised learning. Methods in Ecology and Evolution, 14, 1500-1514.



Similarity analysis
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Similarity analysis
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Animal call identification

F2
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Acoustic dataset
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Results

Analysis of computational intelligence methods for
animal call identification
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Results

Performance by taxonomic group

Methodology

Kaleidoscope
Pro

ARBIMON
Random Forest

ARBIMON
Clustering
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Raven Pro

Guerrero et al.
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Results

Performance by species
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Results
Clustering Interpretation
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Results

e 130 clusters

Sonotype 69 and Cryptorellus soi calls

6 successfully assigned to 5 species calls

Sonotype 5 and Dendroplex picus calls

® Sonotype 69

Sonotype 22 and Nyctidromus albicollis calls

® Sonotype 5 7 @ Sonotype 22
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64
=35 Vs N
I T T 5
2, 2, 2
8 3 8 y
= = = 44
x X 4 P
E E en e E

®
w25 ° w ] g, [ . *
6 e K~y
34
%o o, - oe oo =,
24 o ° H 21 °
24 o®
1. . : :
1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3 3.5 1 2 4
FminVoc [kHz]

Sonotypes 13, 48 and Dendropsophus microcephalus calls

FminVoc [kHz]

Sonotype 89 and Leptodactylus fuscus calls

3
FminVoc [kHz]

°
L]
L]
7 b ]

®
e @

(=]

FmaxVoc [kHz]

4] @Sonotype 13
©Sonotype 48
©Denropsophus microcephalus calls

% :: . ° .':.‘: @ Sonotype 89 >
v 0. ‘ : o ft} © Leptodactylus fuscus calls -
Ry ety AL
. § = s %
L] — [ ]
o ° g:n g e oo
3] g Bt
£ ...ﬂ%
g (1] o L] .
E 5 ® “. .-*.'al.
* e :;
It o

2 3

4
FminVoc [kHz]

1.5 2 2.5 3 3.5

FminVoc [kHz]

22




Results

Acoustic temporal pattern

Sonotypes 13, 48 and Dendropsophus microcephalus calls

® .. 2 L ]
° ‘ ot ‘0"-
('S LI o
71 efe @ ..t
' e L] ]
° w C&Q } o j’ w
° r 8w s %
W' e ® -
)
%
m 5
E
w
4| @Sonotype 13
©Sonotype 48 g
©Denropsophus microcephalus calls
2 3 6

4
FminVoc [kHz]

25004

= [¥]

a =}

S

=) =)
L !

Number of recordings
5
s

500

T T T
10 11 12

Hour

T T T T T T T T T T T
13 14 15 16 17 18 19 20 21 22 23

Number of recordings

FmaxVoc [kHz]

w

I

w

Sonotype 22 and Nyctidromus albicollis calls

@ Sonotype 22

© Nyctidromus albicolis calls

A&

1 2

3
FminVoc [kHz]

1200

000 4

800 1

600

400 1

200 4

T T T T T T T T T T T
0 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour 23




Conclusions and future work

- Methodology Selection: It is essential to choose tools that fit the specific requirements
of the target species to optimize biodiversity monitoring.

- Importance of Input Preparation: Preparing comprehensive input data, including
labels and audio formats, is crucial for effective model training.

- Performance of Methods: Supervised learning methods like CNNs are highly effective
with sufficient labeled data, while unsupervised methods are beneficial in data-scarce
environments.

« Sharing Results from Manual Segmentation: Facilitate the sharing of not only audio
recordings but also the results from manually segmented selection tables to improve
reproducibility and collaboration.

« Streamlining Parameter Configuration: Improve strategies for parameter

configuration to enhance the reproducibility of results across different studies.
24
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