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A GLOBAL DECREASE 
IN BIODIVERSITY

On average, the size of the monitored 
population has decreased by 73% 

over the past 50 years    

INTRODUCTION 1PART 1

WWF (2026) Living Planet Report 2026 – A System in Peril. WWF, Gland, Switzerland.[1]

*the Living Planet Index (LPI) is measured on 
populations. An average loss shows a mean 
decrease in all the studied populations. The value 
for 1970 is 1, as it is the fi

85 % for freshwater ecosystem, 69% 
for terrestrial and 56% in marine 

populations

A GLOBAL DECREASE 
IN BIODIVERSITYMap adapted from [1]

[1]



• Changes in land use 

• Overexploitation 

• Climate change 

• Pollutions

e.g. deforestation, converting wild lands for agriculture = fragment or destroy natural habitat

e.g. overfishing, overhunting = impact species faster than they can reproduce

e.g. changing seasonal patterns, rising temperature = too fast for the species to adapt

e.g. plastics, chemicals, fertilizers = destroy habitat and can be a poison for species

CAUSES

INTRODUCTION 2PART 1

Hansen et al., (2013) High resolution Global Maps of 21st Century Forest Cover Changes, Science 342 : 850-53[2]



INTRODUCTION 3PART 2

WHAT CAN SCIENCE DO ?

• Monitoring 

• Conservation strategies 

• Systemic policy changes

e.g. eDNA, remote sensing, bioacoustics

e.g. habitat restoration, new protected areas 

e.g. nature driven governance
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THE ENVIRONMENT

BIOTIC ABIOTIC+



INTRODUCTION 4

THE ENVIRONMENT

PRODUCER CONSUMER DECOMPOSER 
DETRITIVOR

Plants, Algae, 
Phytoplankton and 

some bacteria

AUTOTROPH

Herbivores, 
Carnivores and 

Omnivores

HETEROTROPH Fungi, Bacteria 
and some 

invertebrates

PART 3

• biotic component

BIOTIC
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THE ENVIRONMENT

Topography 
(bathymetry, 

altitude), latitude

Climate, Soil, 
Water, Photoperiod

PART 3

FIXED DYNAMIC

• abiotic component

ABIOTIC
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ABIOTIC

BIOTIC

INTRODUCTION 5

THE ENVIRONMENT

FIXED DYNAMICPRODUCER CONSUMER DECOMPOSER 
DETRITIVOR

Altitude

Altitude shapes species distribution

Temperature

Influence

PART 3
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ABIOTIC

BIOTIC

FIXED DYNAMICPRODUCER CONSUMER DECOMPOSER 
DETRITIVOR

PART 3

 = AN ECOYSTSEM

Influence

The interactions between living 
beings and their environments 
= interdependence of each one
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WHAT DO WE HAVE TO DO ? HOW ?

Identifying habitat and species 
preferences

Collecting data on field, searching 
for elusive or new species

Identifying the risks and presenting 
results with solutions

• Monitoring 

• Conservation strategies 

• Systemic policy changes

e.g. eDNA, remote sensing, bioacoustics

e.g. habitat restoration, new protected areas 

e.g. nature driven governance
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HUMPBACK 

      WHALE

METHODS FOR THE JOINT ANALYSIS OF SPECIES 
PRESENCE, FROM PASSIVE ACOUSTIC MONITORING, 
AND THEIR ENVIRONMENT

©Illustrator Frédérique Lucas
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INTRODUCTION 7PART 4

HUMPBACK 

      WHALE

SPERM  

      WHALE

METHODS FOR THE JOINT ANALYSIS OF SPECIES 
PRESENCE, FROM PASSIVE ACOUSTIC MONITORING, 
AND THEIR ENVIRONMENT

©Illustrator Frédérique Lucas ©Illustrator Frédérique Lucas
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SPERM  

      WHALE

HUMPBACK 

      WHALE

BIRDS

METHODS FOR THE JOINT ANALYSIS OF SPECIES 
PRESENCE, FROM PASSIVE ACOUSTIC MONITORING, 
AND THEIR ENVIRONMENT

©Illustrator Frédérique Lucas ©Illustrator Frédérique Lucas

©Bartels Science Illustrator Lauren Richelieu



HUMPBACK 

          WHALE

MATERIALS 8PART 1

• some context about

©Illustrator Frédérique Lucas

Megaptera novaeangliae

• Use sound for communication and as 
display of competitive fitness during 
breeding season 

• Mature male produces complex and 
organised sequences of vocalisations called 
song [3] 

• Migrates from poles (feeding area) to the 
tropics (breeding area) to breeding

[3] Payne Roger and McVay Scott (1971) Songs of Humpback Whales, Science

CONTEXT 
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Time 
(seconds)

Frequency 
(kHz)

Phrase 1 Phrase 2

unit 1 unit 2 unit 2 unit 3 unit 4 unit 5 unit 5 unit 6 unit 7

HUMPBACK WHALE SONG [3]

• Unit : usually less than 3 seconds 

• Phrase : composed of 3 to 6 
units 

• Theme : multiple phrases 

• Song : succession of themes (30 
minutes)

[3]

a spectrogram

Payne Roger and McVay Scott (1971) Songs of Humpback Whales, Science

CONTEXT 



MATERIALS 10

Migration routes of the North Atlantic population

PART 1

North Atlantic population : Migrates 
to the Caribbean or Cape Verde 

from December until May.

CONTEXT 
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• Between December 2020 and the end 
of 2022, 17 Autonomous Recording Units 
(ARUs) placed across the Caribbean  

= Passive Acoustic Monitoring (PAM) 

• ~20m depth, it records 1 minute every 
6 minutes (duty cycle : 1 ON/5 OFF) 

• ~ 10 000 hours of recordings 

CARI'MAM

CONTEXT 
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HUMPBACK WHALE SONG, Guadeloupe

CHAPTER 1
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SPERM  

      WHALE

MATERIALS 13PART 2

• some context about

©Illustrator Frédérique Lucas

Physeter macrocephalus

Lyndersen Christian et al., (2025) Migration to breeding areas by mal sperm whales Physeter macrocephalus from the Northeast Atlantic Arctic, Scientifi[4]

CONTEXT 

• Produces various sound, for different 
purposes : echolocation clicks, codas, creak… 

• Population in the Mediterranean Sea



SPERM  

      WHALE

MATERIALS 13PART 2

• some context about

©Illustrator Frédérique Lucas

• Produces various sound, for different 
purposes : echolocation clicks, codas, creak… 

• Population in the Mediterranean Sea

Physeter macrocephalus

Lyndersen Christian et al., (2025) Migration to breeding areas by mal sperm whales Physeter macrocephalus from the Northeast Atlantic Arctic, Scientifi[4]

~ 20 km from here (University of Toulon)

CONTEXT 



MATERIALS 14PART 2

• Protocol : Searching for sperm whale 
using acoustic; Photographing the fluke; 
Recording multiple dives with 
underwater acoustic array 

• 232 dives between 2022 and 2025 
from 8 missions 

• Almost all the observations are 
between Marseille and Monaco

CONTEXT 



BIRDS

MATERIALS 15PART 3

©Bartels Science Illustrator Lauren Richelieu

• some context about • Uses sound for different purpose : during 
breeding season or to defend a territory 
(e.g. : song), communication (e.g. : call) [5] 

species can :  
• be residents 
• do short-distance migration 
• do long distance migration 
• … 

• Migrations are induced by endogenous 
annual rhythm linked to the photoperiod and 
other parameters [6]

Williams Heather (2004) Birdsongs and Singing Behavior[5]

Gwinner Eberhard (1977) Circannual rythms in bird migration[6]

CONTEXT 
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Map of the different flyways of birds in the Northern America continent [7]

Spring migration generally 
occurs between March and June 

going through different flyway

Lincoln Frederick (1935) The migratory flyways of North America[7]

CONTEXT 
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• Started in 2016 until now 

• Over 200 different ARUs in various 
habitats 

• Between 15-minutes and 1-hour 
recordings at specific time of the day

CONTEXT 
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HOW CAN WE DETECT SPECIES IN A RECORDING ?

CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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• manually analysed by experts 

Raven annotation software 

CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



20PART 1

• manually analysed by experts 

Québec = 341 000 files which 
would take approximately 20 years 
to listen entirely 24/7 

CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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Jocher Glenn, et al., (June 2020), YOLOv5[8]

• A full pipeline to adapt Raven or 
LabelMe annotations into a format to 
train a YOLO model [8] 

• YOLO (You Only Look Once) is a deep 
learning model that is used for object 
detection and requires boxed annotations  

YOLO format

RAVEN annotations

Model

Fine tuning 
YOLOv5L

Running over new 
acoustic datas

Converting

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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Jocher Glenn, et al., (June 2020), YOLOv5[8]

Black-throated blue warbler

15-seconds spectrogram 

Ground Truth 

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

• A full pipeline to adapt Raven or 
LabelMe annotations into a format to 
train a YOLO model [8] 

• YOLO (You Only Look Once) is a deep 
learning model that is used for object 
detection and requires boxed annotations  
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Jocher Glenn, et al., (June 2020), YOLOv5[8]

Black-throated blue warbler Black-throated blue warbler 
with 90% confidence

15-seconds spectrogram 15-seconds spectrogram 

Model’s prediction Ground Truth 

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

• A full pipeline to adapt Raven or 
LabelMe annotations into a format to 
train a YOLO model [8] 

• YOLO (You Only Look Once) is a deep 
learning model that is used for object 
detection and requires boxed annotations  
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Jocher Glenn, et al., (June 2020), YOLOv5[8]

15-seconds spectrogram 

Model’s prediction 
15-seconds spectrogram 

Ground Truth 

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

• A full pipeline to adapt Raven or 
LabelMe annotations into a format to 
train a YOLO model [8] 

• YOLO (You Only Look Once) is a deep 
learning model that is used for object 
detection and requires boxed annotations  
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Jocher Glenn, et al., (June 2020), YOLOv5[8]

= Québec dataset’s can be analysed in 45 days

15-seconds spectrogram 15-seconds spectrogram 

Model’s prediction Ground Truth 

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

• A full pipeline to adapt Raven or 
LabelMe annotations into a format to 
train a YOLO model [8] 

• YOLO (You Only Look Once) is a deep 
learning model that is used for object 
detection and requires boxed annotations  
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• 23 units for humpback whale 
• 27 bird species

1. LABELS

2. ANNOTATION

3. ACTIVE LEARNING LOOPS

4. EVALUATION

• Raven bounding boxes 

• Increase the training set with 
more and various examples

• Evaluate the model using 
different metrics and compare 
to other architectures

Vocal repertoire of the Humpback whale North Atlantic population between 2020 and 2022

CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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True

Humpback whale model :  

• mAP@50 of 74% for 23 units 

• Low confusion between units 

Bird model :  

• mAP@50 of 82% for 27 species  

• Better scores than BirdNET, even in high chorus 
scenarios

MODELS EVALUATION
Humpback whale confusion matrix

CHAPTER 1

1 ∑
n

i=1
mAP = 

N
APi

x p       (r    )      ∑
n-1

i=1
AP = (r    - r  )i+1 i interp i+1

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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TRUE LABELS / EXPERTS 

15 seconds  
audio signal

CHAPTER 1

Kahl Stefan et al., (2021) BirdNET: A deep learning solution for avian diversity monitoring, Ecological Informatics[9]

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

Start time, end time and species 
Highly precise, but time 
consuming 
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TRUE LABELS / EXPERTS 

15 seconds  
audio signal

CHAPTER 1

Kahl Stefan et al., (2021) BirdNET: A deep learning solution for avian diversity monitoring, Ecological Informatics[9]

Confidence every 3 seconds associated to 
each species (over 6000 species) 
Fast but less informations and less precision 

BirdNET [9] 

Start time, end time and species 
Highly precise, but time 
consuming 

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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[10]

Begin Time (s) End Time (s) Duration (s) Minimum Frequency (Hz) Maximum Frequency (Hz) Confidence Species

0.00 0.96 0.96 1929 4524 0.539 HETH (Hermit trush)

0.21 2.79 2.58 2779 3812 0.390 WTSP (White-throated sparrow)

1.82 3.93 2.11 4203 6844 0.773 BTNW (Black-throated Green Warbler)

2.08 5.22 3.14 2871 6890 0.284 WTSP (White-throated sparrow)

…

OUR MODEL [10] 

CHAPTER 1

Chavin Stéphane et al., (2026) Scalable Bird Diversity: Mastering High-Chorus Soundscape and Species Richness with Time-Frequency YOLOv5, Ecological Indicators

Correct prediction
Correctly removed due to low 
confidence

Error with high confidence

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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+ 300 000 detections between 2021 and 
2022 in 14 stations [11] 

FINDINGS :  

• Verified the seasonal migration period

HUMPBACK
WHALE

CHAPTER 1

Chavin Stéphane et al., (2026) Repertoire usage similarity increases before decreasing during the breeding season: an automatic acoustic analysis throughout the Caribbean, Scientifi[11]

time

Recording location

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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• 29 795 annotations (22.5 hours of recordings) 

• ~22 million detections from 2016 to 2025 in 16 different regions of 
Québec

BIRDS

PART 3CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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BIRDS
29 795 annotations

PART 3CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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BIRDS

~22 million detections

PART 3CHAPTER 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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HOW TO ANALYSE THESE RESULTS TO UNDERSTAND 
SPECIES PREFERENCES ?  

(How to map species distribution ?)

CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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• Presence only models 

• Generate background points 
  
• Use averaged environmental layers

GENERALISED ADDITIVE 
MODELS (GAM) [13]

MAXENT MODELS [12]

SPECIES DISTRIBUTION MODELING (SDM) 

• Presence-absence models 

• Can take the environmental layers for 
each of the observation periods 

PART 1CHAPTER 2

Phillips Steven J. et al., (2008) Modeling of species distributions with Maxent: new extensions and a comprehensive evaluation. Ecography 31.2 p 161-175[12]

Servén Daniel et al., (2018) pygam: Generalized additive models in python, Zenodo[13]

SPERM WHALE HUMPBACK WHALE & BIRDS

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



MAXENT MODEL
30PART 1CHAPTER 2

+ value of the Area Under the 
Curve (AUC) True positive rate as a 
function of False positive rate

Averaged values 
between May and 
October from 
Copernicus

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



GAMs
31PART 1CHAPTER 2

Humpback whale Detection rate 
(detection/hour of recording)

Temperature Salinity Chlorophyll concentration Week number Date

150 25.2 36.0 0.08 12 2021-03-24
220 25.6 36.5 0.09 13 2021-04-01

33 27.6 34.5 0.12 2 2021-01-12

75 24.5 35.0 0.16 27 2021-07-08

Optimise all polynomial segments = finding the relation between the 
detection rate and each of the environmental variables 

   = it comes with a R² value for the fitted model

parameters in the model

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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2. VARIABLE PARAMETERRESULTS : Humpback whale

PART 2CHAPTER 2

R² value of the model : 53% 
Temperature

Salinity

Chlorophyll concentration

Mixed Layer depth

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



2. VARIABLE PARAMETERRESULTS : Humpback whale

PART 2CHAPTER 2

Temperature 
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2. VARIABLE PARAMETERRESULTS : Humpback whale

Temperature
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Potential link between Temperature and the presence of 
humpback whale on breeding ground : 
decrease when the temperature > 27.1°C  

=> Similar observations in the literature

2. VARIABLE PARAMETERRESULTS : Humpback whale

+ -

Temperature

PART 2CHAPTER 2
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MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

Solène Derville et al., “Whales in warming water: Assessing breeding habitat diversity and adaptability in Oceania’s changing climate”. In: Global Change Biology[14]

[14]

32
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RESULTS : Humpback whale

Predicted detection rate of Humpback whale between December 2020 and July 2021

PART 2CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

Before the 
breeding season

After the 
breeding season
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RESULTS : Humpback whale in SST +1°C 

Predicted detection rate of Humpback whale between December and July with +1°C on the SST

PART 2CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Humpback whale

Predicted detection rate of Humpback whale between December and July with +1°C on the SST

PART 2CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Humpback whale

PART 2CHAPTER 2

Actual Actual +1°C of SST

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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LATITUDE ALTITUDE HABITAT 

1. FIXED PARAMETER

RESULTS : Birds

PART 3CHAPTER 2

Example for 2 of the 27 species :  

Analysis of the number of 
detections per hour of recording 
at different fixed parameters

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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LATITUDE ALTITUDE HABITAT 

Ovenbird : preferences for 
forest at lower latitudes = 
deciduous 

White-crowned Sparrow : 
preferences for high latitude 
in tundra or peatland habitats

1. FIXED PARAMETER

RESULTS : Birds

PART 3CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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LATITUDE ALTITUDE HABITAT 

Ovenbird : preferences for 
forest at lower latitudes = 
deciduous 

White-crowned Sparrow : 
preferences for high latitude 
in tundra or peatland habitats

1. FIXED PARAMETER

RESULTS : Birds

PART 3CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Birds

PART 3CHAPTER 2

2. VARIABLE PARAMETER
temperature, precipitation and wind intensity

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Birds

PART 3CHAPTER 2

2. VARIABLE PARAMETER

Future objectives : Verify if we can predict migrations + see the modifications 
when changing the environment conditions + include the habitats

temperature, precipitation and wind intensity

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



36

RESULTS : Sperm whale

Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameters

PART 4CHAPTER 2

AUC of 96.5% over the test set (Ocean Biodiversity 
Information System dataset) 

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Sperm whale

Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameters

PART 4CHAPTER 2

Contribution in the model

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Sperm whale

Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameters

PART 4CHAPTER 2

Contribution in the model

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameters

RESULTS : Sperm whale

PART 4CHAPTER 2

↗ when lower SSH

↗ near canyons

↗ when delta > 0.5°C

Contribution in the model Influence on suitability

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Sperm whale and Stoechades canyon

PART 4CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Sperm whale and Stoechades canyon

PART 4CHAPTER 2 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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RESULTS : Canyon during August and the beginning of September 2023

PART 4CHAPTER 2

Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast[15]

• Increase in the chlorophyll concentration into the deep waters of the canyon 

= Potential downwelling 

• Increase of the chlorophyll concentration at the surface offshore = 

Potential upwelling

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast[15]

Westward

Eastward

RESULTS : Canyon during August and the beginning of September 2023

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

TOULON

• Strong current inside the canyon : good orientation to the northern 
current, can create a downwelling 
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Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast[15]

• Strong current inside the canyon : good orientation to the northern 
current, can create a downwelling 

Westward

Eastward

RESULTS : Canyon during August and the beginning of September 2023

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

Northern 
Current (NC)

TOULON
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Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast[15]

Westward

Eastward

RESULTS : Canyon during August and the beginning of September 2023

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 

Northern 
Current (NC)

Results from the 
Mediterranean Sea 

circulation

TOULON

• Strong current inside the canyon : good orientation to the northern 
current, can create a downwelling 

• Front between 2 currents : 

Northern current + an eastward current can create frontal dynamic with 
divergence = upwelling + lower SSH 



Longitude 181 mission « Whale Way 4 » :  
Observations of sperm whale inside and around the canyon 

Measure of the frontal dynamic

40PART 4CHAPTER 2

[15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast

RESULTS : Surface currents end of 
September and beginning of October 2023

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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[15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast

RESULTS : Sperm whale and surface currents

4, 5 and 6th of 
October = 6 diving 

observations

diving observation

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



CHAPTER 3 41PART 1

HOW TO APPLY THESES RESULTS TO CONSERVATION ?
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MARINE TRAFIC IN THE 
MEDITERRANEAN SEA

CHAPTER 3 PART 1
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LARGE BOATS (HIGHER RISK 12/20)

• Cargo, Tanker : Can go at high speed (> 
15 knots) but have less control on their trajectories 
= cannot avoid the animal  

CHAPTER 3 PART 1

D   x  S  x ui j ij∑∑
n m

i=1 j=1
CUI = 

Di : normalised (0-1) log transformed value of the 
intensity of the anthropogenic impact; 
Sj : the probability of the species j; 
uij : the weight of the impact of I on the species j

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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LARGE BOATS (HIGHER RISK 12/20)

• Cargo, Tanker : Can go at high speed (> 
15 knots) but have less control on their trajectories 
= cannot avoid the animal  

• Risk area: North Barcelona (Spain), 
Marseille-Toulon (France) and Genoa (Italy) 

CHAPTER 3 PART 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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ALL BOATS TOGETHER

CHAPTER 3 PART 1 MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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• The impact is almost twice higher in the Pelagos 
Sanctuary rather than in the whole 
Mediterranean Sea 

ALL BOATS TOGETHER

 PELAGOS SANCTUARY 

CHAPTER 3 PART 1

Pace et al., (2005) Vessel Speed and Ship Strikes. Poster San Diego 2005 MMS. Dec. 2005[16]

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 
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• The impact is almost twice higher in the Pelagos 
Sanctuary rather than in the whole 
Mediterranean Sea 

Solutions : Decreasing the speed of ship reduce the 
fatality rate of collision 

ALL BOATS TOGETHER

 PELAGOS SANCTUARY 

CHAPTER 3 PART 1

Pace et al., (2005) Vessel Speed and Ship Strikes. Poster San Diego 2005 MMS. Dec. 2005[16]

[14]

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES 



45PART 1DISCUSSION

The potential rising of the sea surface 
temperature may change breeding 
habits : location or timing ?

CREATION OF A VOCAL 
REPERTOIRE + YOLOV5 MODEL 
AND ANALYSIS OF MULTI YEAR 
RECORDINGS FROM BREEDING 

GROUND 
Sperm whale habitat is linked to the 
canyons which could be more prone to 
upwelling or downwelling (noticeable 
with SSH)

HUMPBACK 

      WHALE
©Illustrator Frédérique Lucas

SPERM  

      WHALE
©Illustrator Frédérique Lucas

BIRDS
©Bartels Science Illustrator Lauren Richelieu

Automatically verifi

fi



PART 1DISCUSSION

Sperm whale habitat is linked to the 
canyons which could be more prone to 
upwelling or downwelling (noticeable 
with SSH)

The potential rising of the sea surface 
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The potential rising of the sea surface 
temperature may change breeding 
habits : location or timing ?

YOLOV5 MODEL FOR 27 SPECIES, 
ANALYSIS OF THE RECORDINGS 

FROM 2016 UNTIL NOW 
REGARDING THE ENVIRONMENT

Sperm whale habitat is linked to the 
canyons which could be more prone to 
upwelling or downwelling (noticeable 
with SSH)
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data that some species have 
preferences for specific biome
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It can be difficult to identify all the variables + some variables are dependent on other 

There is a potential sampling biais
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PERSPECTIVES & RECOMMENDATIONS

MANUAL ANNOTATION 

SMALL LARGE 

OBJECTIVES :  PRECISE IDENTIFICATION 

AUTOMATIC ANALYSIS METHODS : 

GLOBAL ANALYSIS 

- precision 
- time 

• Should be considered depending on the objective of the project

DATABASE 

Files by files or only some 
specific part of a recording 

Acoustic Indices or deep 
learning methods 

+ precision 
+ time 
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• Should be considered depending on the objective of the project 

• Work in collaboration with experts 

PERSPECTIVES & RECOMMENDATIONS

AUDIO RECORDINGS PRECISE MODELS

PRECISE ANNOTATIONS 
= EXPERTS
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PERSPECTIVES & RECOMMENDATIONS

GEOPHONY : WIND, RAIN… 
CHORUS…  
OTHER POTENTIAL SPECIES

• Create a substantial dataset with variabilities in the annotations 

Adapt the model to the reality of the recordings 
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• Testing on independent and published datasets 

It is sometimes easier to be good on our personal dataset 
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PERSPECTIVES & RECOMMENDATIONS

• Create a substantial dataset with variabilities in the annotations 

Adapt the model to the reality of the recordings 

• Testing on independent and published datasets 

It is sometimes easier to be good on our personal dataset 

GLOBAL BIOACOUSTIC DATASET

COMPARE DIFFERENT ARCHITECTURES
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PERSPECTIVES & RECOMMENDATIONS

• Create a substantial dataset with variabilities in the annotations 

Adapt the model to the reality of the recordings 

• Testing on independent and published datasets 

It is sometimes easier to be good on our personal dataset 

• Keeping in mind the potential of misalignment 

Models can learn the background or other type of features leading to 
great results but wrong analysis

TRAIN SET : SHAPES-only

MODEL’S PREDICTION

A CIRCLE
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QUESTIONS

WHY YOLO V5?

mAP@50 : 82.3% (Precision 81.8% et Recall 77.8%)
9Go GPU

25 epochs in 20 minutes

mAP@50 : 83.2% (Precision 82.9% et Recall 77%)
18Go GPU

25 epochs in + 60 minutes

V5 V12 : transformer-like 
architecture



QUESTIONS

YOLOV5 L vs S

30 epochs, bird dataset 



QUESTIONS

YOLOV5 for species richness

884 files : nROI (default) vs YOLO number of bounding box, no filtering 



QUESTIONS

Dataset
HUMPBACK WHALE BIRDS



QUESTIONS

DATA AUGMENTATIONS

lr0: SGD=1E-2, Adam=1E-3
lrf: 0.1 # final OneCycleLR learning rate (lr0 * lrf) 
momentum: 0.937 # SGD momentum/Adam beta1 
weight_decay: 0.0005 # optimizer weight decay 5e-4 
warmup_epochs: 3.0 # warmup epochs (fractions ok) 
warmup_momentum: 0.8 # warmup initial momentum 
warmup_bias_lr: 0.1 # warmup initial bias 
lr box: 0.05 # box loss 
gain cls: 0.3 # cls loss gain 
cls_pw: 1.0 # cls BCELoss 
positive_weight obj: 0.7 # obj loss gain (scale with pixels) 
obj_pw: 1.0 # obj BCELoss positive_weight 
iou_t: 0.20 # IoU training 
threshold anchor_t: 4.0 # anchor-multiple threshold # 
anchors: 3 # anchors per output layer (0 to ignore) 
fl_gamma: 0.0 # focal loss gamma (efficientDet default gamma=1.5) 
hsv_h: 0.01 # image HSV-Hue augmentation (fraction) 
hsv_s: 0.1 # image HSV-Saturation augmentation (fraction) 
hsv_v: 0.1 # image HSV-Value augmentation (fraction) 
degrees: 0.0 # image rotation (+/- deg) 
translate: 0.0 # image translation (+/- fraction) 
scale: 0.0 # image scale (+/- gain) shear: 0.0 # image shear (+/- deg) 
perspective: 0.0 # image perspective (+/- fraction), range 0-0.001 
flipud: 0.0 # image flip up-down (probability) 
fliplr: 0.0 # image flip left-right (probability) 
mosaic: 0.0 # image mosaic (probability) 
mixup: 0.3 # image mixup (probability) 
copy_paste: 0.1 # segment copy-paste (probability) 
ToGray: 0.0 # image in Grayscale (probability) 
GaussNoise: 0.0 # adding Gaussian/white noise (probability)

1 value / species based on the ratio in the dataset

For birds : 0.1, 
0.1 and 0.2

70% opacity 30% opacity

+Strange 
parameters 

for 
bioacoustics



QUESTIONS

BACKGROUND SIGNALS

HUMPBACK WHALE
1500 8-seconds spectrograms

BIRDS
600 15-seconds spectrograms (2.5 hours)



QUESTIONS

CANYONS
~30% close (1.5 km) to a canyon
14% more than 4km to a canyon
6.5% more than 11km to a canyon (maximum = 13 km)
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sound propagation
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Antilles arc  
ATLANTIC OCEAN 

CARIBBEAN SEA 



QUESTIONS

BIRDS
Thresholds are extracted 
based on the TPR 
scenario

0.1

0.5

0.9



QUESTIONS

HUMPBACK WHALE

Thresholds are extracted on 
the F1 curve between 0.1 and 
0.8 of confidence



QUESTIONS

MannWhitney U

Kruskal-Wallis

RS for each weeks every station

Pairwise Wilcoxon

Pearson

Pearson



QUESTIONS

Maxwell, S., Hazen, E., Bograd, S. et al. Cumulative human impacts on marine 
predators. Nat Commun 4, 2688 (2013). https://doi.org/10.1038/ncomms3688


