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INTRODUCTION PART 1

A GLOBAL DECREASE
LRIODIVERSITY
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INTRODUCTION PART 1

CAUSES

s Ch&mg@S in land use . g. deforesiation, converting wild lands for agriculure = fragment or destroy natral habiiai

o (vere xp[ai[a[ign e.g. overfishing, overhunting = impact Species faster than they can reprodice
o Climate change e.g. changing seasonal patterns, rising temperature = loo fast for the species 1o adapt
o Pollutions e.g. plastics, chemicals, fertilizers = destroy habitat and can be a poison for species

gf%gﬁf&:; ﬁf, [2] Hansen er al., (2013) High resolution Global Maps of 2Ist Century Forest Cover Changes, Science 342 : 850-53
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INTRODUCTION PART 2

WHAT CAN SCIENCE DO 2

o Monitoring

e.g. eDNA, remote sensing, bioacoustics

o Conservation strategies
e.g. habilat vestoration, new protecied areas

o Systemic policy changes

e.g. nature driven governance
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INTRODUCTION

THE ENVIRONMENT

ABIOTIC
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INTRODUCTION PART 3

THE ENVIRONMENT

* biotic component

DECOMPOSER
PRODUCER —P@—b DETRITIVOR

AUTOTROPH HETEROTROPH Fingi, Bacteria
Planis, Algue, Herbivores, , and 5}70 e

Phytoplankion and Carnivores and WL
some bacleria Omnivores
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INTRODUCTION PART 3

THE ENVIRONMENT

e abiotic component

ABIOTIC

lopography Climate, Soil,
( bathymetry, Water, Phowoperiod
altitude ), latitude
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THE ENVIRONMENT
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INTRODUCTION PART 3

THE ENVIRONMENT
Altirude shapes species distribution

)

DECOMPOSER
DETRITIVOR

PRODUCER ————

lemperature

—>  Influence
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INTRODUCTION

44— —
—>@—» DECOM?OSER ixep [ (i = AN ECOYSTSEM

N ‘ . = The interactions between living

beings and their environments
= interdependence of each one

—>  Influence
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INTRODUCTION PART 4

WHAT DO WE HAVE TO DO ¢

o Monitoring

e.g. eDNA, remote sensing, bioacoustics

o Conservation strategies
e.g. habilat vestoration, new prolecied areas

o Systemic policy changes

e.g. naiure driven governance
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HOW ¢

Collecting data on field, searching
for elusive or new species

|dentifying habitat and species
preferences

|dentifying the risks and presenting
results with solutions
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METHODS FOR THE JOINT ANALYSIS OF SPECIES
PRESENCE, FROM PASSIVE ACOUSTIC MONITORING,
AND THEIR ENVIRONMENT
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METHODS FOR THE JOINT ANALYSIS OF SPECIES
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MATERIALS PART 1 CONTEXT

o some context about

o (se sound for communication and as
display of competitive fitmess during
breeding season

o Mature male produces complex and

kB LRI ~ organised sequences of vocalisations called
: @Wlustrator Fréderique Lucas SOng 13]
WI I I \ L E o Migraies from poles (feeding area) 1o the
Megapiera novaeangliae tropics (breeding area) 10 breeding

—— CENTRE in:.
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MATERIALS PART 1 CONTEXT ?

HUMPBACK WHALE SONG

Phrase 1 Phrase 2 :
* Unit : usually less than 3 seconds
unit 1 unit 2 unit 2 unit 3 unit 4 unit 5 unit 5 unit 6 unit 7
Frga P Ph rase . composed of 3 10 6
: : unils
St AT \

* Theme : muliple phrases

el Ld e e T , *Song : succession of themes (30
Time minutes)

a spectrogram

¢ INTEL IGENCE ?‘:f [3] Payne Roger and McVay Scon (1971) Songs of Humpback Whales, Science
ST el



MATERIALS PART 1 CONTEXT 10

—— SVALBARD

Feeding
JUL-OCT

LEGEND

% NORTH-SOUTH MIGRATION

e ) SOUTH-NORTH MIGRATION

HUMPBACK WHALE
MIGRATION ROUTES

V' LaBRADOR |

Feeding
JUL-OCT

North Ailantic population : Migraes

o the Caribbean or Cape Verde
from December until May.

CARIBBEA
Breedm i‘

oECMAY  (UPE VIERDI,

Breeding
DEC-MAY

SOURCES : WWFWHALES.ORG | PROTECTING BLUE CORRIDORS

Migration routes of the North Ailantic population
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MATERIALS PART 1

CONTEXT

Beween December 2020 and the end
of 2022, 17" Awonomous Recording Units
(ARUs ) placed across the Caribbean

= Passive Acoustic Monitoring (PAM )

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

o~ [0 000 hours of recordings

CARI'MAM

AN O
LR R RS

interreg -

Caraibes

Fonds curcpéen de ddéveloppement. régional
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PART 2

HUMPBACK WHALE SONG, Guadeloupe

12
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MATERIALS

PART 2 CONTEXT

o some conlext about

SPERM

@lllustrator Frederique Lucas

-~ WHALE

« INTEL_IGENCE
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Physeter macrocephalus

A

Produces various sound, for different

purposes . echolocation clicks, codas, creak...

Population in the Mediterranean Sea

[4] Lyndersen Christian et al., (2025) Migration 1o breeding areas by mal sperm whales Physeter macrocephalus from the Northeast Atlamtic Arctic, Scientific Reports

13



MATERIALS PART 2 CONTEXT 13

Produces various sound, for different
nurposes . echolocation clicks, codas, creak...

* some conlext aboui
Population in the Mediterranean Sea

Cllustraor Frédérigue Lica ~ 20 km from here (University of Toulon )

Physeter macrocephalus

_— CET\JTRE in:. * e g : ; 5 . . .
‘ARTFICELE & [‘ [4] Lyndersen Christian et al., (2025) Migration 1o breeding areas by mal sperm whales Physeter macrocephalus from the Northeast Atlamtic Arctic, Scientific Reporis
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MATERIALS PART 2

CONTEXT

o Prowcol : Searching for sperm whale

using acoustic; Photographing the fluke;

Recording multiple dives with
underwater acoustic array

o 232 dives berween 2022 and 2025

from 8 missions

o Almost all the observations are
berween Marseille and Monaco
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MATERIALS PART 3 CONTEXT

o some context about o Uses sound for different purpose : during
breeding season or (o defend a territory

(e.g. : song), communication (e.g. : call) s

species can .
* be residents
* o shori-distance migration
* do long distance migration

o Migrations are induced by endogenous
annual rhythm linked to the photoperiod and
other paramelers ¢

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

—— CENTRE in:. *
T N
ACOUSTIQUE J [6] Gwinner Eberhard (1977) Circannual rythms in bird migration



MATERIALS PART 3 CONTEXT 16

EASTERN
Jyway

WESTERN
Joway

Spring migration generally
occurs between March and June
going through different flyway

forway

CENTRAL
0 jb)\,pay

.\
__ LR % MISSISSIPPI

:

SOURCES : BOREALCONSERVATION.ORG | NORTH AMERICA'S BIRD NUSERY

Map of the different flyways of birds in the Northern America continent (7

—— CENTRE in:.

égf‘%?%';ii ﬁf’ [7]1 Lincoln Frederick (1935) The migraiory flyways of North America



MATERIALS PART 3 CONTEXT

o Siarted in 2006 uniil now

o Over 200 different ARUs in various
habitats

o Baween [5-minutes and I-hour
recordings ai specific time of the day

Environnement,
Lutte contre

les changements
climatigues,
Faunes et Parcs

Québec 5
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PART 1 MONITORING

HOW CAN WE DETECT SPECIES IN A RECORDING ¢

19
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MONITORING

o manually analysed by experis
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PART 1 MONITORING

o manually analysed by experis

FE,_:‘

Quebec = 341 000 files which

would take approximately 20 years
1o listen entirely 24/ 7
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CHAPTER 1 PART 1 MONITORING

o A full pipeline 1 adapt Raven or
LabelMe annowations into a format i
rain a YOLO model s

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

—— CENTRE in:. *
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RAVEN annotations

Converting l

YOLO format

YOLOVSL

Fine muning l

Model

Running over new
acoustic datas

21



Ground Truth
- A full plpelme 0 adapl R@V@" or 15-seconds spectrogram

LabelMe annotations into a format
mam a YOLO model s

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

Black-throated blue warbler

—— CENTRE in:.
« INTELLIGENCE

ARTIGELLE o K.f, [8] Jocher Glenn, e al., (June 2020), YOLOVS
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CHAPTER 1 PART 1 CONSERVATION SYSTEMIC POLICY CHANGES 2]
Ground Truth Model’s prediction
- A full plpelme 0 adapt R@V@ﬂ or 15-seconds spectrogram 15-seconds spectrogram

LabelMe annotations into a format
mam a YOLO model s

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

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

;OUSTM ﬁ:‘i‘ [8] Jocher Glenn, et al., (June 2020), YOLOVS
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CHAPTER 1 PART 1

o A full pipeline 10 adapr Raven or
LabelMe annotations into a format

wain a YOLO model (s

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

« INTEL_LIGENCE

5}%%%{;_5 F& [8] Jocher Glenn, et al., (June 2020), YOLOVS

MONITORING CONSERVATION SYSTEMIC POLICY CHANGES

Ground Truth

15-seconds spectrogram

Model’s prediction

15-seconds spectrogram




CHAPTER 1 PART 1 CONSERVATION SYSTEMIC POLICY CHANGES 21
Ground Truth Model’s prediction
% A full plpelme 0 adapl Raven or 15-seconds spectrogram 15-seconds spectrogram

LabelMe annotations into a format
mam a YOLO model s

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

= Québec dataset’s can be analysed in 45 days

g@%@; 2‘;“, [8] Jocher Glenn, et al., (June 2020), YOLOvS



CHAPTER 1 PART 1 MONITORING

1. LABELS

o 23 units jor humpback whale
o 2/ bird species

2. ANNOTATION

o Raven bounding boxes

3. ACTIVE LEARNING LOOPS

o Increase the training set with
more and various examples

4. EVALUATION

o [valuate the model using
different metrics and compare
(o other architectures
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Vocal repertoire of the Humpback whale North Atlantic population berween 2020 and 2022
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Humpback whale confusion matrix

MODELS EVALUATION

C 0.69BBE

I
Humpback whale model . n-1 : 08
Al = Z (M7= T )X Pingerp (1) :
& - 0.6

Predicted

Bird model : 4

O O W OIE b DU Ul s e S R
°

o

[

True 3

RS r C[NTR[ n. *
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CHAPTER 1 PART 2

|||\|||
i

15 seconds
audio signal
HETH
L;;)ue?s OVEN HETH OVEN
BTNW BTNW
0 7.5
Time (s)

— CENTRE in:. A
« INTELLIGENCE F‘
ARTIFICIELLE ex

ARTIFICIELLE o y [9]1 Kahl Swefan et al, (2021) BirdNET: A deep learning solution for avian diversity monitoring, Ecological Informatics
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TRUE LABELS / EXPERTS

s Start time, end time and species
Highly precise, but time
CONSUMIng
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o

15 seconds
audio signal

rrue — e . L TRUE LABELS / EXPERTS

Labels

Start time, end time and species

BTNW BTNW
iohly precise, but time
IO I 715 I

15 CONSUMING

Time (s)

BirdNET 9]

Confidence every 3 seconds associated 1
each species (over 6000 species)
Fast but less informations and less precision

.— CENTRE in:. * : : ‘ : ' . : . ' : : ;
A{Eﬁ(sl‘%‘: g{; f‘:.. ! [9]1 Kahl Swefan et al, (2021) BirdNET: A deep learning solution for avian diversity monitoring, Ecological Informatics
NATURELLE —
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CHAPTER 1 PART 2 MONITORING
O UR MO DEL [10] Correct prediction Correcy:remojegichic lon oy Error with high confidence
confidence
1 U2
§ OVEN 0.693
g OVEN 0.284 BTNW (0.643 HETH 0.102
= a0
Q
= WTSP 0.756
O
: .
o
2
L 0
0 7 i
Time (s)
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)
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[10] Chavin Siéphane er al., (2026 ) Scalable Bird Diversity: Mastering High-Chorus Soundscape and Species Richness with Time-Frequency YOLOVS, Ecological Indicators
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CHAPTER 1 PART 3 MONITORING 26

Recording location

BERMUDA - 53.319 detecrtions
eoordings 63T h
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‘é’gﬁé%%: K " [11]  Chavin Siéphane e al., (2026 ) Reperiwire usage similarity increases before decreasing during the breeding season: an automatic acoustic analysis throughout the Caribbean, Scientific Reports
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o 29 795 annowations (22.5 hours of recordings)

o ~22 million detections from 2016 1 2025 in 16 different regions of
Ouébec
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HOW TO ANALYSE THESE RESULTS TO UNDERSTAND
SPECIES PREFERENCES ¢

(How to map species distribution 2)
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SPECIES DISTRIBUTION MODELING (SDM)

[12]

o Presence only models o Presence-absence models

o Generate background points o Can ake the environmenial layers for
each of the observation periods
o Use averaged environmental layers

| l

SPERM WHALE HUMPBACK WHALE & BIRDS

[12] Phillips Steven J. e al., (2008) Modeling of species distributions with Maxent: new extensions and a comprehensive evaluation. Ecography 312 p 16I-175

— CENTRE in: ﬁ ‘
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AROLEmle J [13] Servén Daniel et al., (2008) pygam: Generalized additive models in python, Zenodo

[13]
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SAMPLES VARIABLES
PRESENCE LAYER JEMPERATURE

-

Whale Way 2

SEA SURFACE HEIGHT

SY3LIWVIVA
DIWVNAQ

SEA SURFACE CURRENT

Averaged values
between May and
FIXED October from

PARAMETERS  Copernicus

SLOPE

BATHYMETRY

MaxENT optimisation ._

B s €
l Probability density of

the presences

Probability density of
the available
environment

PREDICTED HABITAT
SUITABILITY MAP

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

H”mpb(i?etﬁ“’)‘l’qnfireogifd?nt;f" rate 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

b-Spline Basis Functions

. }

Z: / \ Optimise all polynomial segments = finding the relation between the
i i B Rl e i detection rate and each of the environmental variables

gg i .. = be = it comes with a R value for the fitted model

| @ RMANIANA
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RESULTS : Humpback whale

Temperature
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Salinity

-200 -

-400 -

34.5 35.0 35.5 36.0 36.5 37.0
Chierophyll

008 010 042 074 016 0.1
Mixed Layer depth

400
200 -

—zm -

—400 -

CENTRE in:.
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Number of Detec'ion Number of Detection

Number of Detection

Number of Detection

Number of detectionshour over Temperature (ir. °C)
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® o
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a
®e 3 ® o*
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®
I
1000 -
750 \
500
250 1 ﬁ
0 4 o anese® o . e o
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) [ © ¢
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o . o
P
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2. VARIABLE PARAMETER

R value of the model : 53%

Chlorophyll concentration

Mixed Layer depth
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RESULTS : Humpback whale 2. VARIABLE PARAMETER

Temperature Number of detectionshour over Temperature (ir. °C)
e o * =3
2 1000 1 e e
B
Sminmrr e ¢ T t
2
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2o e ' | | ‘ ' I 0 cu. .&" b aw = S
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RESULTS : Humpback whale
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RESULTS : Humpback whale 2. VARIABLE PARAMETER

Temperature Number of detectionshour over Temperature (ir. °C)
§ 750 - ™ R 3
e Y o P s Temperature
5 250 - . %Qﬂ.'w C ‘%
vie 'Mo v e &~ o 1
25.5 00 27.6 290 260 §
um (] tw. our ovw. :ty (i1 psu) .‘G 400 4
-.§ 1000 + £ ) &
§ 7501 ..’s °. o % 200 -
é 250 - of ..o ‘ -0‘” ® 0 .& 0
' | | ' ' | 04 ® .,—-Ad—-b.-fath-i - - S
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Chiorophyll Number of detection/hour over Chlorophyll (in mgm3) Sy =200 '
400 1 & % o %
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—-400 « 0 4 '.-”.. . R 2 e o \4
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Mixed Layer depth Number of detection/hour over the mixed iayer degth (in m) c c
oy e 5, Potential link between Temperamre and the presence of
< 1000 A L] o
] e 7o e g humpback whale on breeding ground :
~200 - L e . R, o 5 8 £
- s el Eia i o decrease when the temperamre > 271°C
—600 0 v‘:—.hh o‘*o o ®

=> Similar observations in the literature [i4

e icence PR A
ARTIFICIELLE o £ “Nom
ACOUSTIOUE * g [14]  Solene Derville er al, “Whales in warming water: Assessing breeding habitat diversity and adapiability in Oceania’s changing climaie”. In: Global Change Biology 254 (2019), pp. 66-1481
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RESULTS : Humpback whale

December 12th April 7th July 20th

Before the
breeding season

predicted number of deleclion / hour
0 200 400 600 800 1000

Predicted detection rate of Humpback whale berween December 2020 and July 2021
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After the

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

December 12th April 7th July 20th

predicted number of deleclion / hour
0 200 400 600 800 1000

Predicted detection rate of Humpback whale berween December and July with +1"C on the SST
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RESULTS : Humpback whale

predicled number of deleclion [/ hour

e

0 200 400 600 800 1000

Predicted detection rate of Humpback whale berween December and July with +1"C on the SST
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RESULTS : Humpback whale April 7th

Actual +1°C of SST

predicted number of detection / hour

0 200 400 600 800 1000
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RESULTS : Birds

OVEN - Ovenbird (Seiurus aurocapifla)

ot 60 -
o 40 -
3 as
b 1. FIXED PARAMETER
g <V £ i
§ | 20 - 30 - .
Example for 2 of the 20 species :
S 20 4
% 10 - 102
2 3 ki ‘

e P & L Analysis of the number of
45 46 47 48 49 50 51 52 53 54 55 56 57 58 <100 <200 <300 <400 <500 < 600 > 600 Forest Marshes  Peastland Coastal Toundra . :
| - detections per hour of recording
WCSP - White-crowned Sparrow (Zonotrichia leucophrys) :

ai different fived parameiters
3120 1 S
S 100 5
g g 20 - 60 -
j% 60 - i s
§ 40 - i
2 20 5 I

At 45 47 49 51 53 5'5 57 5‘9 6'1 s < 1l00 < 200 <:'«>00 < 4:00 < 5'00 <600 > éoo : FoTest Mar;—hes Peastland Co-a:tal Toundra
LATITUDE ALTITUDE HABITAT
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RESULTS : Birds

OVEN - Ovenbird (Seiurus aurocapifia)

o :

: 1. FIXED PARAMETER

: Ovenbird : preferences for

Jorest at lower latiudes =
45 46 47 48 49 50 51 52 55 54 55 56 57 68 o IETESOR) MU e PN e 1o Y ; Forest Ma!\es Pea!and SRR s deCidMOuS

White-crowned Sparrow :
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RESULTS : Birds

1. FIXED PARAMETER

Ovenbird :

WCSP - White-crowned Sparrow (Zonotrichia leucophrys)

White-crowned Sparrow :

preferences jor high latitude

. in tundra or peatland habilats
LATITUDE ALTITUDE HABITAT
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RESULTS : Birds

April 14th 2021

CONSERVATION

2. VARIABLE PARAMETER
lemperature, precipitation and wind intensity

May 29th 2021 June 17th 2021 July 29th 2021

—
¥‘/\

-y
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0 50 100 150

oredicted number of detection / hour

200
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RESULTS : Birds 2. VARIABLE PARAMETER
lemperature, precipitation and wind intensity

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

4.000°E 8.000°F 12.000°E 16.000°E Z20.000°F 24.000°E

Physeter macrocephalus

predicted habilat suitabilify

e AUC of 96.5% over the test ser (Ocean Biodiversity
- Information System dataset )

44.000°N

40.000°N

36.000°N 36.000°N

24.000°E

Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameers
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RESULTS : Sperm whale

44.000°N

40.000°N

36.000°N

4.000°E

0 100 200 km
I E—

4.000°E

8.000°F

12.000°E

16.000°E

|

CONSERVATION

20.000°F

Physeter macrocephalus
predicted habilat suitabilify

0.0 0.1 030506 0.708 08 1.0

12.000°E

longitude

T
16.000°E

I
20.000°E

24.000°E

<3

24.000°E

44.000°N

36.000°N

opmIne

Coniribution in the model

Temperature af 600m
SSH

SST

surface current
intensity

bathymefry
distance to canyon
NPPV

02 at 600m
surface O2
rugosify

surface salinity
slope

mixed layer

surface temperature
gradient

all variables

Jackknife of AUC

0.85
AUC test

0.90

Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameers
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RESULTS : Sperm whale

44.000°N

40.000°N

36.000°N

4.000°E

0 100 200 km
I E—
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8.000°F

12.000°E

16.000°E

|

CONSERVATION

20.000°F

Physeter macrocephalus
predicted habilat suitabilify
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longitude

T
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Coniribution in the model

Temperature af 600m
SSH

SST

surface current
intensity

bathymefry
distance to canyon
NPPV

02 at 600m
surface O2
rugosify

surface salinity
slope

mixed layer

surface temperature
gradient

all variables

Jackknife of AUC

0.85
AUC test

0.90

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

—— CENTRE in:.
« INTEL_IGENCE
ARTIFICIELLE e~

ACOUSTIQUE
NATURELLE —

23

Without variable &

With only variable m

36



CHAPTER 2 PART 4 CONSERVATION

RESULTS : Sperm whale

16.000°E Z20.000°F 24.000°E

4.000° 8.000°F 12.000°F

Physeter macrocephalus
predicted habilat suitabilify

44.000°N 0.0 0.1 0.3 0.506 0.7 0.8 0.9 1.0 ZEEXLLKE

40.000°N

36.000°N

J

_ B e
o - m : >

F-Y

=]

aQ

=

2z

opnine)

36.000°N

I I
4.000°€ 8.000°E 12.000°E 16.000°E 20.000°E 24.000°E

longitude

36

Contribution in the model Influence on suitability

Jackknife of AUC

Temperature af 600m
SSH

> /" when lower SSH

SST

surface current
intensity

bathymefry

< /" near canyons

distance to canyon
NPPV

02 at 600m
surface O2
rugosify

surface salinity
slope

mixed layer

< /" when delia > 05°C

surface temperature
gradient

all variables

0.80 0.85 0.90 0.95
AUC test

Predicted map of suitable habitat for sperm whale in the Mediterranean Sea along the impact of each parameers
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RESULTS : Sperm whale and Stoechades canyon
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RESULTS : Sperm whale and Stoechades canyon

LEVANT

PORT-CROS
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RESULTS : Canyon during August and the beginning of September 2023

é Chiorophyll concentration - 2023/08/09
] _— -
: deep

chiorophyll

r BN St o Increase in the chlovophyll concentration into the deep waters of the canyon
' = Potential downwelling

~
o

L)
o
ha

Depth (m)
o™
rs;l

X,
an
O

0.1

2361

2796 0.08

Chlorophyll concentration - 2023/09/04 P

[ —— u B - Increase of the chlorophyll concentration at the surface offshore =

——T Potential upwelling

C. 0.04
& ot d.
p CZ6
a
Q
Q
1269
0.02
230
3786 %

e LT o e R T S e el Rk e T Rl
R0yt TR RN A G SR N SN D AN N 1N

Latitude

-'— CENTRE in:. & : ' : : : ‘
ﬁ'gﬁﬁ%%:; ¢ -5 [15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast
NATURELLE —



CHAPTER 2 PART 4 CONSERVATION 39

RESULTS : Canyon during August and the beginning of September 2023

Current speed - 2023/08/09

L%  TOULON
78
252

626 Sea water velocity

wo component [rmz)

Depth {m)

1269

2301
0.75

2796

Eastward

0.25 I

0.00

Current speed - 2023/09/04

78

o Strong current inside the canyon : good orientation to the northern

262

current, can create a downwelling

€26

Depth (m)

-0.25 l

Westward

1259

2301

-0.75
3786

D 0O O GO - S O IO o O T N L ON S ol Nt SN

of N RE N A N N e R
Latitude

'—— CENTRE in. & ; ' : : :
Ai'gﬁ%i%%:’; K.. ) [15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast
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RESULTS : Canyon during August and the beginning of September 2023

Current speed - 2023/08/09

Northern o LW TOULON

Current (NC)

78

262

626 Sea water velocity

uo component (m:z)

Depth {m)

1269

2361
0.75

2796

Eastward

0.25 I

0.00

Current speed - 2023/09/04

78

o Strong current inside the canyon : good orientation to the northern

262

current, can create a downwelling

€26

Depth (m)

-0.25 l

Westward

1259

2301

-0.75
3786

D 0O O GO - S O IO o O T N L ON S ol Nt SN

RPN R N P A RS e e e e R e R
Latitude
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X%ﬁé%%:; % y [15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast
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RESULTS : Canyon during August and the beginning of September 2023

Northern
Current (NC)

Results from the
Mediterranean Sea
circulation

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

o Front between 2 currenis :

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

'— CENTRE in:. ‘ . ' : : :
Xlgﬁcsl'%%:; % y [15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast
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RESULTS : Surface currents end of
September and beginning of October 2023

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

Measure of the frontal dynamic

= CENTRE in:.

peicencs PO 4 [15] Copernicus Marine Service (2023) Global Ocean Physics Analysis and Forecast
fEolET: e

Sea surface current intensity - 268th September 2023

Intensity (m/s)
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1
0.4

1
0.6
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RESULTS : Sperm whale and surface currents
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48.000°N

45.000°N

42.000°N

39.000°N

36.000°N

CUIl results of the Large and slow boats
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3.000°

PART 1

6.000°E
Longitude

SYSTEMIC POLICY CHANGES

LARGE BOATS (HIGHER RISK 12/20)

* Cargo, Tanker : Can go ai high speed (>
I5 knots) but have less control on their trajectories
= cannot avoid the animal

Cumulative
Utilisation
Impact m
0 ot
CUI = ZDiijxuij
i=1 j=1

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 | on the species |

NS OO O A O NN =
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3.000°

PART 1

6.000°E
Longitude

" CONSERVATION SYSTEMIC POLICY CHANGES

LARGE BOATS (HIGHER RISK 12/20)

* Cargo, Tanker : Can go ai high speed (>
I5 knots) but have less control on their trajectories
= cannot avoid the animal

Cumulative
Utilisation

g * Risk area: North Barcelona (Spain),
Marseille-Toulon ( France ) and Genoa (laly)

NS OO o A O NN =
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Global Cumulative Utilisation Impact

Toulonl — A0 |

2,
“~

2 “Ajaccio
<oy ,5

b,
y

03 6912 18596
DN |

SYSTEMIC POLICY CHANGES

ALL BOATS TOGETHER

o The impact is almost twice higher in the Pelagos
Sanctuary rather than in the whole
Mediterranean Sea

PELAGOS SANCTUARY

[16] Puce et al, (2005) Vessel Speed and Ship Strikes. Poster San Diego 2005 MMS. Dec. 2005
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2 “Ajaccio
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b,
y

03 6912 18596
DN |

SYSTEMIC POLICY CHANGES

ALL BOATS TOGETHER

o 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
Jarality rate of collision

PELAGOS SANCTUARY

[16] Puce et al, (2005) Vessel Speed and Ship Strikes. Poster San Diego 2005 MMS. Dec. 2005
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e = The potential rising of the sea surface
' H ﬁ LE CREATION OF A VOCAL temperature may change breeding
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AND ANALYSIS OF MULTI YEAR
RECORDINGS FROM BREEDING
GROUND

SPERM

AN II‘\LI:

—— CENTRE in:. &
« INTEL_IGENCE ﬁ
ARTIFICIELLE ex

">
ACOUSTIQUE
NATURELLE —



DISCUSSION PART 1

S PE R M B e Sperm whale habitat is linked to the

canyons which could be more prone to
ANALYSIS OF > 200 MULTI : ! :
YEAR VISUAL OBSERVATIONS upwelling or downwelling (noticeable

WHALE BETWEEN MARSEILLE AND with SSH)

MONACO, AND HABITAT
MAPPING
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DISCUSSION PART 1

B The potential rising of the sea surface
temperature may change breeding

habits : location or timing 2

Sperm whale habitat is linked to the

S ——
canyons which could be more prone to
upwelling or downwelling (noticeable
with SSH)

P Automatically verified from acoustic
YOLOV5 MODEL FOR 27 SPECIES, data that some i Bt h‘f“’e
ANALYSIS OF THE RECORDINGS preferences for specific biome

FROM 2016 UNTIL NOW
REGARDING THE ENVIRONMENT
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DISCUSSION PART 2

METHODS DISCUSSION

+ -
Fast, time frequency annotations, Requires precise annotations and
YOLOvV5 . . .
highly precise results computing memory
MaxENT Visual and easy Only gives a global idea of the potential
areas
GAM Considers the multiple parameters Risk of overfitting
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METHODS DISCUSSION

+ -
Fast, time frequency annotations, Requires precise annotations and
i highly precise results computing memory > We have 1o
choose berween
MaxENT Visual and easy Only gives a global idea of the potential havmg gOOd
clic recall but lower
precision or
GAM Considers the multiple parameters Risk of overfitting Iow recall but
higher precision
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METHODS DISCUSSION

+ -
Fast, time frequency annotations, Requires precise annotations and
YOLOvV5 . . .
highly precise results computing memory :
It is not a
MaxENT Visual and easy Only gives a global idea of the potential | —— denSlZy or
areas abundance
estmarion
GAM Considers the multiple parameters Risk of overfitting

— CENTRE in:
« INTEL_IGENCE

*
ARTIFICIELLE ex ‘ ">
ACOUSTIQUE

NATURELLE —



DISCUSSION

PART 2

METHODS DISCUSSION

==

Fast, time frequency annotations,

Requires precise annotations and

TEENY highly precise results computing memory
MaxENT Visual and easy Only gives a global idea of the potential
areas
GAM Considers the multiple parameters Risk of overfitting
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l

Have more precision on the
mfluence of each parameiers

46



DISCUSSION PART 2

METHODS DISCUSSION

+ -
Fast, time frequency annotations, Requires precise annotations and
YOLOvV5 . . .
highly precise results computing memory
MaxENT Visual and easy Only gives a global idea of the potential
areas
GAM Considers the multiple parameters Risk of overfitting

It can be difficult 1o identify all the variables + some variables are dependent on other

There is a potential sampling biais
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DISCUSSION PART 3

HOW TO USE DEEP LEARNING DETECTIONS FROM ACOUSTIC
RECORDINGS FOR SPECIES DISTRIBUTION MODELING @

CENTRE in:.
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DISCUSSION

PERSPECTIVES & RECOMMENDATIONS

o Should be considered depending on the objective of the project

DATABASE

SMALL

OBJECTIVES : PRECISE IDENTIFICATION
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PERSPECTIVES & RECOMMENDATIONS

o Should be considered depending on the objective of the project

DATABASE

SMALL
OBJECTIVES : PRECISE IDENTIFICATION

METHODS : HLEASRGN M ANUAL ANNOTATION
Files by files or only some
v specific part of a recording
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DISCUSSION

PERSPECTIVES & RECOMMENDATIONS

o Should be considered depending on the objective of the project

DATABASE

SMALL

LARGE

.
GLOBAL ANALYSIS

OBJECTIVES :
. + precision
METHODS : i
Files by files or only some
s v specific part of a recording

R[ mn-.
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AUTOMATIC ANALYSIS

Acoustic Indices or deep
learning methods

- precision
- time
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DISCUSSION

PERSPECTIVES & RECOMMENDATIONS

o Should be considered depending on the objective of the project

o Work in collaboration with experts

AUDIO RECORDINGS
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DISCUSSION

PERSPECTIVES & RECOMMENDATIONS

o Should be considered depending on the objective of the project

o Work in collaboration with experts

——————————_—

PRECISE ANNOTATIONS
= EXPERTS

AUDIO RECORDINGS
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PRECISE MODELS
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DISCUSSION PART 3

PERSPECTIVES & RECOMMENDATIONS

o  Create a subsiantial dataser with variabilities in the annolations

Adapr the model o the reality of the recordings

49



DISCUSSION PART 3

PERSPECTIVES & RECOMMENDATIONS

o  Create a subsiantial dataser with variabilities in

Adapr the model o the reality of the recordings

the annotations

.

GEOPHONY : WIND, RAIN...
CHORUS...
OTHER POTENTIAL SPECIES

49



DISCUSSION PART 3

One single species of bat
In a specific location

PERSPECT'VES & RECOMM EN DATIONS Private dataset of bird from

North America

o  Create a subsiantial dataser with variabilities in the annolations

Adapr the model o the reality of the recordings

o lesting on independent and published datasers

It is sometimes easier 1o be good on our personal dataset

Common dolphin with one type of
hydrophone
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DISCUSSION PART 3

PERSPECTIVES & RECOMMENDATIONS

o  Create a subsiantial dataser with variabilities in the annolations

Adapr the model o the reality of the recordings

o lesting on independent and published datasers

It is sometimes easier 1o be good on our personal dataset

CENTRE in:.
ARTIFICIELLE ex N
ACOUSTIQUE
NATURELLE 2t

GLOBAL BIOACOUSTIC DATASET

COMPARE DIFFERENT ARCHITECTURES
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DISCUSSION PART 3

PERSPECTIVES & RECOMMENDATIONS

o  Create a subsiantial dataser with variabilities in the annolations

Adapr the model 1o the reality of the recordings

o lesting on independent and published datasers

It is sometimes easier 1o be good on our personal dataset

o Keeping in mind the potential of misalignment

Models can learn the background or other type of feamres leading 1o
greal resulls but wrong analysis

TRAIN SET : SHAPES-only

l MODEL'S PREDICTION

A CIRCLE

49
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QUESTIONS

WHY YOLO V52 V5 V12 : transformer-like

architecture

MAP@50 : 82.3% (Precision 81.8% et Recall 77.8%) MAP@50 : 83.2% (Precision 82.9% et Recall 77%)
9Go GPU 18Go GPU
25 epochs in 20 minutes 25 epochs in + 60 minutes

Confusion Matrix Confusion Matrix Normalized

oo 0.

BTNW - : . 0 ' BTNW -
NAWA - 0.0 NAWA -
AMRF - . 0 AMRF -
COYE - COYE -
RCKI - -: 01 ] RCKI -
SWTH 0.0 _ SWTH

BLBW - u.oj BLBW - @.m

NOPA - 0.01 NOPA - 0.01

GCKI - GCKI -
REVI - )

REVI -
SWSP - SWSP -
BTBW - - 3 . BTBW -
TEWA - . TEWA -
RWBL - .02 RWBL -

YBFL - 0.0L0.01 YBFL -

Predicted
Predicted

0.02
0.01
WCSP - WCSP - nni
WIWR . . 0.02 y WIWR

LISP - 0.0L . LISP -

0.03

010Ul
YRWA - 0.010.010.01 0.76 YRWA -

SCTA - 0.0L 0.04 0,97 SCTA -
SAVS - SAVS -
SOSP 0460 01 SOSP

haCkgl'Ound <1.300.110120.190.150.250.130.130.2D00250.05D0.090.080.280090.110.120.120.180.190.030.290.170.120.030.160.43 baCkgl'Ound 34016017 0.230.100.260.120.140.180390.170.100.100.2D00150.170.190.16 D.Z80.16 0.CE0.410.12D.19
1 | ' ' ' .

Vi Q.
<

%3

1 ' ' 1 . ' 1 1 '

~ £
x O
z

background -
background -




QUESTIONS

YOLOVS L vs S

30 epochs, bird dataset

Size  duration @GPU  optimiser imgsz  batch pw Train Train Train Train Test Test Test Test inference
(min) (Go) (pixels) Precision Recall mAP@50 mAP@s5095 Precision Recall mAP@50 mAP@50-95 (ms)

23 11.9 640 0.798 0.827 0.842 0.482 0.772 0.820 0.813 0.455 5.2

30 6.33 640 0.782 0.843 0.843 0.483 0.775 0.822 0.814 0.458 7.7
12 4.82 640 0.777 0.812 0.83 0.470 0.749 0.833 0.802 0.446 2.4
18 2.48 640 0.789 0.825 0.845 0.477 0.774 0.816 0.813 0.45 o B g

21 11.9 640 0.798 0.82 0.846 0.476 0.79 0.799 0.820 0.452 4.9

0.795 0.802 0.841 0.479 0.785 0.785 0.815 0.453 5.0
0.742 0.831 0.799 0.449 0.715 0.805 0.760 0.419 1.7

0.744 0.833 0.795 0.448 0.719 0.793 0.759 0.421 1.5
0.764 0.838 0.806 0.456 0.700 0.796 0.725 0.409

28 6.51 640
14 224
23 224
20 640
27 640 0.791 0.838 0.841 0.477 0.787 0.819 0.819 0.451 6.5

0.794 0.833 0.846 0.477 0.785 0.813 0.815 0.451 2.4
0.774 0.813 0.812 0.462 0.775 0.824 0.815 0.453 1.7

11 : 640
17 640
23 640 0.800 0.839 0.849 0.485 0.773 0.827 0.818 0.46 5.3
31 : 640 0.774 0.830 0.831 0.476 0.765 0.824 0.812 0.454 6.0

0.753 0.850 0.808 0.454 0.718 0.815 . 0.415 3.4
0.770 0.834 0.810 0.456 0.726 0.827 0.424 2.0

15 : 224
26 .5 224
224
224

0.728 0.801 0.776 0.419 0.601 0.785 0.392 0.6

oIV ) B N o o ¥ 2 B ¥ » B N o o o o ¢ BV > I e

Y
Y
Y
Y
Y
Y
Y
Y
N
N
N
N
N
N
N
N
Y
Y

0.726 0.704 0.784 0.417 0.712 0.779 0.391 0.7




QUESTIONS

YOLQVS for species richness

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

Number of RO! sccording fo the Species Richnaess Number of YOLO boxaes according fo the Species Richness

nROI: Spearman p=0.179 p-value 3.1071e-08 YOLO: Spearman p=0.618 p-value 3.9348e-94

. YOLO

y = 1.59x +'8.22, R'= 0.02 y = 7.83x + 35.59; R'= 0.33

Number aof boxes
Number of boxes

o
3
H
i
y

ey & X J L.-..-LL.-L-A- a @ana
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\
\
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\\
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QUESTIONS

Dataset

Unit

R=rr R -H003TZr>rCclxmemu<gdn g

._.'1:J><w=

HUMPBACK WHALE

N

Train

Val

Test

Precision

Recall

mAP@s50

Class

Precision

Recall

mAP50

mAP50 95

Train

all
wtsp
heth
oven
vVeer
btnw

alfl
nawa
ainre
cove
rcki
blbw
swth
nopa
gcki

revi
SWSP
btbw
tewa
WIWT
rwhl
vbil
WCSp
lisp
VIWa,
scta

SAvVS

SOSp

0.810 + 0.007
0.656 x 0.026
0.869 + 0.024
0.847 + 0.025
0.847 + 0.028
0.848 £ 0.024
0.845 £ 0.048
0.806 4 0.014
0.859 = 0.024
0.774 = 0.031
0.749 £ 0.041
0.862 £+ 0.025
0.803 + 0.043
0.920 < 0.031
0.859 =+ 0.030
0.728 + 0.036
0.806 + 0.036
0.823 + 0.042
0.926 4 0.030
0.540 &+ 0.080
0.724 + 0.037
0.895 &+ 0.026
0.985 = 0.014
0.908 + 0.036
0.743 < 0.049
0.776 = 0.018
0.904 + 0.054
0.557 = 0.074

0.778 4+ 0.011
0.585 £ 0.023
0.825 + 0.028
0.794 + 0.027
0.745 + 0.031
0.803 + 0.014
0.824 + 0.026
0.796 4 0.034
0.860 £ 0.032
0.737 = 0.047
0.711 £ 0.029
0.800 = 0.021
0.805 + 0.035
0.906 < 0.011
0.768 &+ 0.032
0.837 + 0.042
0.850 -+ 0.021
0.805 + 0.037
0.843 &+ 0.022
0.327 4+ 0.134
0.738 4 0.036
0.817 &+ 0.021
0.892 £ 0.085
0.843 + 0.022
0.740 £ 0.049
0.947 4 0.031
0.865 + 0.017
0.541 £ 0.068

0.818 + 0.012
0.614 =+ 0.012
0.891 4+ 0.007
0.872 + 0.009
0.852 + 0.008
0.871 + 0.005
0.891 =+ 0.037
0.836 4 0.015
0.902 =+ 0.029
0.781 4 0.028
0.774 £ 0.016
0.879 £ 0.006
0.863 + 0.010
0.932 £ 0.004
0.845 £ 0.025
0.813 + 0.017
0.827 4+ 0.024
0.871 + 0.012
0.917 4 0.016
0.421 + 0.076
0.744 + 0.025
0.846 4 0.024
0.929 + 0.09
0.901 = 0.017
0.784 x 0.020
0.845 £ 0.022
0.904 =+ 0.007
0.482 = 0.077

0.458 + 0.007
0.300 £ 0.008
0.522 4+ 0.006
0.474 + 0.006
0.461 -+ 0.002
0.560 + 0.012
0.526 = 0.020
0.540 &+ 0.010
0.552 £+ 0.015
0.419 + 0.019
0.380 £ 0.011
0.499 £ 0.009
0.410 + 0.012
0.654 £ 0.008
0.438 £ 0.015
0.353 + 0.010
0.461 + 0.021
0.570 + 0.008
0.590 &+ 0.012
0.142 4+ 0.026
0.331 + 0.018
0.326 + 0.014
0.611 £ 0.062
0.608 + 0.016
0.455 £ 0.012
0.441 4 0.019
0.549 + 0.044
0.197 &= 0.030

22360
2698
2026
1770
1566
1214
1136
1154
898
892
947
796
825
806
685
H6&
072
048
128
381
339
393
104
438
266
288
261
101




QUESTIONS

DATA AUGMENTATIONS

1lr0: SGD=1E-2, Adam=1E-3

cls pw: 1.0 # cls BCELoOSS 1 value / species based on the ratio in the dataset
70% opacity 30% opacity
hsv h: 0.01 # image HSV-Hue augmentation (fraction)
hsv s: 0.1 # image HSV-Saturation augmentation (fraction) A A T,
hsv v: 0.1 # image HSV-Value augmentation (fraction)
degrees: 0.0 # image rotation (+/- degq) BTBW
0.0 # image translation (+/- fraction) A

Strange translate:
scale: 0.0 # image scale (+/- gain) shear: 0.0 # image shear (+/- degq)

paramet?rs perspective: 0.0 # image perspective (+/- fraction), range 0-0.001
_ _Or flipud: 0.0 # image flip up-down (probability) For birds : 0.1,
bioacousticCs = f1iplr: 0.0 # image flip left-right (probability) 0.1 and 0.2

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)

BISCNASTASABIOL SITE_QL

BTBW

»’c -



QUESTIONS

BACKGROUND SIGNALS

HUMPBACK WHALE BIRDS

1500 8-seconds spectrograms 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)

Number of observation in or out of a canyons Number of observation per canyons' size

w
c
O
—
(U
>
—_
O
w
L0
o
-—
o
—_
()]
Ko
£
3
=z

Number of observations

< 250 km* 250 to 500 km*
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PART 2

RESULTS : Humpback whale

500 1

400 A

300 -

Detection rate per hour

—=100 4
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Detection Rate in 2021 as a function of the distance to 5000m depth

200 A

100 A

« GUADELOUPE
ANSE BERTAND

e ANGUILLA

y=-3.16x + 440.38
Pearson R =0.77, p-value = 0.0018

* GUADELOUFE
SAINT-
FRANCOIS

ig

® SAINT
BARTHELEMY
°

SAINT MARTIN

GUADELOUPE

+ DESHAIES

e SINT

e BERMUDA
EUSTATIUS

MARTINIQUE
PRECHEUR

e
* MARTINIQUE

SAINT-ANNE EONAIRE

BAHAMAS _ A

ARUBA

Y Y Y ' Y
co 8o 100 120 140

distance to 5000m depth (in km)

1. FIXED PARAMETER

> closer 1o the Antilles arc
= higher detection rate

Can be an imporiant parameter for
sound propagation

32






QUESTIONS

Receiver Operating Characteristic (ROC) curve

BIRDS

Thresholds are extracted
based on the TPR
scenario

)
+—
T
o
)
=
s
n
o
Q.
)
)
—
-

BN YOLO BirdNET_GLOBAL_6K_V2.4_Model_FP32

0.4 0.6
False Positive Rate (1 - specificity)




QUESTIONS

Recall-Confidance Curve

HUMPBACK WHALE

Precision

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

0.4 C.6 . . “o. . 0.4 0.6
Confidence Confidence

0.4 0.6
Confidence




QUESTIONS

2021 - Repertoire Sharing Across Stations
wesm RS botween station palrs
= Rolling averzgea

¥ ==0.0040x + 0.91;
= 8 L near Regressionr ¢

y = 0.0026x + 0 54; R* = 0.74: p-vaiue < 0.01 *= (.86, p-valve < 0.05

RS value

recording
time (h)

za0

200

13 17
APRIL 2021 MAY 2021

2021 - Repertnire Sharing Between Conseauitive Weeks

RS value

recording
time (h)
350

450

350

280
180

BEAMUDA ANGUILLA SAINT MARBTIN SAINT- SINT EUSTATIUS GUADELOUPE GUADELOUFE
BARTHELEMY Anser Barlvand Deshaies

GUADELOUPE MARTINNQUE  MARTINIQUE
Sairit-Frangais Précheur Saint-Aone

RS for each weeks every station



QUESTIONS

Vulnerability Mecas Rank Descriptive Notes
Frequency

Whal is the [requency of the impact? ‘ [nfrequent enough o affect long-term dynamics  Large oil spill
or population
Ceccasional 2 Frequent but irregular in nature l'oxic algal blooms

Annual or Frequent and often seasonal or periodic in Runoff events due to seasonal rains
regular nature

Persistent More or less constant vear-round lasting Persistent hypoxic zones
through multiple years or decades

Categories Frequency Direct Resistance (Like-

[Indirect lihood of mortal-
. . What's the mechanism by which itis  Distant indirect Effects are more than one degree removed Trophic cascade, food source; ecosystem
lmpact / 3 lty) / 3 affecting the individual? impact degradation; impacts something that
impects prey
Indireet impact . Knawn to causc impact as a result of an Impacts prey, impacts of hcavy metals
Small and faSt indircet link such as via prey; metabolic or life  that don’t result in direct death
span effect

large and "slow" Direct impact Mortality Bycatch in fisaing gear

Resistance (Likelihood of mertality) No impact

Direct/Indirect impact No impact

large and fast

How likely is that impact to affect the Low Unlikely to result in mortality (0-33%) Anthropogenic noise

Recovery time of indi- Reproductive Population individual?
vidual (years) /4 Impacts /3 Effects /3 /20

Mediurn Moderate likelihvod of mortality (33-66%) Dormoic acid

Low High likelihood of mortality (66-100%) Large reduction in forage base

Recovery time of individual (years) no impact

How long does it take the mdividual <]
to recover from exposure to the
mpact”

1-10

10-100

=100

Reproductive Impacts Nu impact

What 1s the level of impact on [Low Impacts some aspect (e.2. hehavior) hut no loss  Temporary displacement from feeding
repraduction of an individual? of reproductive capacity ground

Moderatz Decreased reproductive capacity Changes in SST result in decrease forage
species and reduced reproduction
ITigh L Direct mortality Death of animal resulting in no repro

Population Effects No impact

Haw are the impact distributed across Tow Effeets one animal at a time Ship strike
the population?

Moderate EfTzcts specific sectors or large portion of the [mpacts femzles only
population

Maxwell, S., Hazen, E., Bograd, S. et al. Cumulative human impacts on marine [ligh 3 Liffects entire population in CCS Changes in SS ' reducing forage species
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