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Goals

spectral, structural & topographic predictors
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Passive acoustic recorders

0 50 100 Km

10-min point counts for birds
825,832 minutes of recordings
489 sites - wet season 2023
505 sites - dry season 2023
Seasonally co-located



Acoustics processing workflow — {oiosees

Unfiltered predictions

Trained Al t? ID SitelD Species Conf. Present |
target species s2lam001_230713 A. aegyptiaca 0.612 YES

/ « Predictions filtered at threshold resembling range
3 | Range
\:"—_/ SitelD Species Conf. Thresh. Present
s2lam001_230713 A. aegyptiaca 0.612 0.712 NO

Predictions filtered at maxF0.5 threshold
FO.5

SitelD Species Conf. Thresh. Present

s2lam001_230713 A. aegyptiaca 0.612 0.587 YES

Trained Al to ID
ABGI sounds

Predictions corrected with
randomForest model

rF Conf. rF Thresh Present
0.623 0.744 NO

2S5t &

ABGI = anthropophony, biophony, geophony, interference
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Insects (n=4)
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Overview

@

wildlife
Community

60

Species

Species [ Prinia maculosa
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Total detections ©

14,387

O 14,387 out of 999,880 minutes
@ No data available
X No data available

Number of sites detected ®

815

Legend

Detections ®

Point map Heat map

0020040'55‘75‘>75

WildMon stakeholder dashboard
using Al-based species detections

Species [ Prinia maculosa

Total detections
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Convolutional
neural network
(CNN)
embeddings

BirdNET has 1024 embeddings
(i.e., Al-based features)

Input
layer

Spectrogram

Conv.

Pooling

Conv.

Flatten Embeddings

Bravo Sanchez et al.,, Eco Ind 2024
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Field-based Richness vs Acoustics
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Descriptive Stats Desc Stats + Harmonics

Harmonics

Al-based Richness vs Acoustics

%
S
@ﬂ Al-based
/('j. features 0
-x§ «— O
by

& Birds, frogs

& insects
Descriptive Stats Desc Stats + Harmonics

Harmonics




Spectral

NDI Mean
MDWI Mean
CRIZ Std
NDLI Mean
CRIZ Mean
MDT705 Std
MNDNI Std
Cal Std
ARIZ Mean
CRI1 Std
CAl Mean
PRI Std
PRI Mean
MO Std
CRI1 Mean
MDWI Std
MDLI Std
NDMI Mean
MDWI Std
ARIZ Std
NDVI Mean
ND705 Mean

AVIRIS NG

R? 0.35+0.03
RMSE 6.0 +0.19

{J.llaﬂ CI.E]Z U.EM {}.lr.‘lE- U.EJB U.‘lﬂ D.a.z
Feature Importances

COMPLEXITY Std
SKEWMESS Std
RH10 Mean
COMPLEXITY Mean
SKEWNESS Mean
RH25 Mean
KURTOSIS Std
KURTOSIS Mean
RH10 5td

RH50 Mean
RH98 Std

RH25 5td

RH98 Mean
RH75 Std

RH75 Mean
RH50 Std

Structural

LVIS

R?2 0.15 = 0.04
RMSE 6.9 = 0.2

0.000 0.025 0.050 0.075 0.100 0.125

Feature Importances

ELEVATION Mean
TPl Mean

DMY Mean

DMV Std
MORTHMNESS Mean
EASTNESS Std
SLOPE Std
NORTHMESS Std
EASTMESS Mean
SLOPE Mean
ELEVATION Std
RIE Std

ADJSD 5td

RIE Mean

WVRM Std

SAPA Std

TPI Std

SAPA Mean

VRM Mean
AD|SD Mean

Topographic

LVIS

R?2 0.29 £ 0.02
RMSE 6.4 £ 0.22

0.0 U.rl G.IZ D1.3
Feature Importances

Random Forest feature importances, with model performance evaluated using 8-fold cross validation

Can we predict species richness from spectral, structural, or
topographic features?



([
e e ELEVATION Mean
MDWI Mean
COMPLEXITY Skd

CRI2 Std
NDT05 Skd
NDLI Mean

Top Features by Type Elevation

CRIL1 Std

PRI Mean (climate proxy)
@lIElevation Mean (LVIS) R = -0.485 uommé”‘éﬂ%ﬁ P Y
o] ypteest, . Te . RHE;‘EIEEd
A L ean
ST T e Sl SKEWNESS Mean NDWI mean
e ol _."1 ‘ o - o C -_I "-‘1 ..-_:‘ "_"".‘ . .. :. i EASTMESS Mean .
S T e o — T (water in veg)
P . s T e ARI2 Mean
: ' : PRI Std

NDMI Mean

T T NDWVI Std
0 200 400 00 800 1000 1200 1400 1600 RH10 Mean

Mean SKEWNESS Std CompleXity std dev
. EASTINDL atd (horizontal variation in vertical
SR S KURTOS/S 2td

et S KURTOSIS Mean StrUCture)

e St et ] NORTHNESS Std

[*]
=

Richness
|

,_
(=]

=
o

s &
pd

O
=
<

. ()
. Q
>
R
L~
M <

o — . , COMPLEXITY Mean
e ' g . CRI1 Mean
Tl e SLOPE Std
s e e e : ELEﬁ%&%E%m CRI2 std dev
CEe ' WDt S (variation in carotenoids)

020 015 010 0.05 0.00 o0s 010 B15 VRM Std
Mean ND?705 Mean

RH50 Mean
RIE Stel .
IComplexity Std (LVIS) . [ R =0.202 *RH10 Std Topographlc

"
(=]

I
(=]

Richness

E
-
=
=
=
]
-1
2

g

. RHOB Std
g & TR Spectral

A s S e e e .. RH25 Std
SR I : RH50 Std RMSE=5.5 = 0.17 Structural

L . N " RH75 Mean

-
(=]

[*
£-1

Richness

b
=]

10 4 -

ndm r.\u:::w, 0, 050 l."ll';]‘u |:l'|lrbl:| 125 0150 -."llI:I‘- u'UU 0'05 D']'U 0'15 ﬂ'zn
Standard Deviation Feature Importances



Partial Dependence

30 4

28 ~

Parital Dependence

22

20 1

26 1

24

Elevation

_

0

200

400 600 BOO 1000

Elevation Mean

1200 1400

30 4

28 4

26 4

24

22 1

201

Water
~0.15  -0.10 -0.05 0.00 0.05
NDWI Mean

30 4

28 ~

26 4

24 4

22 1

20 1

Complexity variation

f

0.04 0.06 0.08 0.10 0.12

Complexity Std




WOD DIUDWISSPIS

01 Passive acoustics

An important source of in
situ species diversity data

04 Spectral diversity

Water content and
variation in carotenoids
important predictors of
richness

Take Home Messages

Customized BirdNET used
to detect soundscape
components and species

Variation in vegetation
complexity a top predictor

Al-based acoustic features
(embeddings) better than
engineered features to
estimate species richness

Elevation (e.g., climate
proxy) was most important
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