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Continuité écologique: ex. des poissons migrateurs

Garantir la libre circulation des especes piscicoles, en particulier els especes
dites migratrices (saumon, anguille, alose, lamproie, ...) mais aussi les
holobiotiques (barbeau, bréme, ...)

Déclin généralisé lié en partie a la fragmentation des cours d’eau,
mais de plus en plus d’autres facteurs (changement global,
survie en mer (proies ?), hydrologie, Température (mer, riviere),
pollution (survie ceuf et larve), ...
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Figure 10.1.5.1 Reported total nominal catch of salmon (tonnes round fresh weight) in four North Atlantic re- 1960
gions, 1960 to 2014.
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Continuité écologique: ex. des poissons migrateurs

Prise d'eau
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Enjeux pour EDF Hydro == Montaison

Anguilles

Grands Migrateurs
(saumon, alose, lamproie)

Augmenter Pattractivité et le franchissabilité pour toutes especes

=> Modélisation comportement de montaison
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Enjeux pour EDF Hydro = Dévalaison
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Barriere comportementale

Migration surveys

References sites L Large-scale conservation

Generic predictions
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Fish migration monitoring: Acoustic videos

(1) —EDF R&D
(2) - INRAE (Decod)
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Fish Population monitoring by hydroacoustic

Captures Telemetry Optical cameras Hydroacoustic

L e

Signaux
acoustiques

Objet

SONAR

\
Several manufacturers

(Didson, ARIS,
Bluewiew, Occulus)
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Current limitations of acoustic cameras

Acoustic Covered
camera

* Many advantages of the acoustic cameras:

o Non-intrusive

o Low dependency to environmental conditions

o Continuous recording over long period of time

o Record fish morphology, swimming and behaviour

e But limitations to overcome:

o Continuous recording generate high amount of data - need storage

o Time consuming for the operatros

o Analysis through species identification need expertise by operator +
might be source of bias

»Need to automate acoustic videos analysis
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What information is available for fish species identification?

* Fish species identification widely explore on optical devices: high level of detail available

* Less details available from acoustic videos:

gt <

Number and positions

Colour and scales

patterns offins
v <t ——= v
Overall Swimming
morphology locomotion

© Beneath the waterline

* Identification much more complex without details of fish: challenge of analysing acoustic videos
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Presentation of the groups of species

EEL SAT
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European eel European catfish Atlantic salmon Common bream  common carp
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2- Detect and track => EELS

Images of objects of
interest

Acoustic videos Sequences of interest Target’s detection

» Sorting of the data of interest among the high amount of acoustic videos

» Pre-process the acoustic videos for species identification
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Morphological & Motion analysis

« Performance obtained on the whole anguilliform-specific dataset of Mauzac using ARIS

camera.

Number of eels

Recall

Precision

753

73.8%

83.5%

Comparison of the method performance on 4 common days of
records from the ARIS and the BlueView cameras of Mauzac, at the
same location and similar covered range:

ARIS BlueView

Number of eels
(Operator truth)

Recall
Precision

56 197

67.9%
74.5%

70.1%
72.6%
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Abstract

Acoustic cameras are increasingly used in monitoring studies of diadromous fish popula-
Hons, even though analyzing ¢ Incomplex , anguilli-
form fish may be especially difficult 1o identify using

because the undulation of their body frequently resulls in fragmented targets. Our study
aimedto develop a method based on a succession ol compuler vision lechniques, in order
b detect, identty and count fish multiple models
of acoustic cameras. Indeed, several , owning

teristics, are used lo monitor lish populations, causing major diffarences in the racorded
data shapes and resolutions. The method was applied 1o twa large datasels recorded altwo
dstinct monitoring sites wit European eels wi length i

The methodyielded promising resuls for large eels, with more than 75% of eels autmati
cally identified successfully using dalasets from ARIS and BlueView cameras. However,
only 42% of eels shorter than 60 cm were delected, with the best model peromances
cbserved or detection ranges of 43 m. Although improvemants are required to compen-
sate for fish-ength limitalions, our cross-camera method is promising for automaticaily
datecting and counting large eels in lang-lerm moniloring studies in com plex environments

Introduction

Active acoustic methods are widely used ta study and monitar fish in marine and freshwater
ecasystems [1.2]. Acoustic devices emit acoustic waves and record the echaes reflected by
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Focus on Swimming locomotion

« Swimming locomotion: how the fish deforms its body to swim
Eel Trout

Swimming direction -
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Anguilliform  Subcarangiform  Carangiform  Thunniform | =

Eels Salmonids Makrell Tunas « » © Lauder Lab, Harvard
UNDULATION OSCILLATION

University

Rodrawn om Fish Prysoiogy 1978

[Lindsey et al., 1978]

» Need to monitor and quantify the deformation over time
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Deformable model on acoustic images

Mesh initialized for the target whole pasage

Deformation of the mesh from one detection to the
next

1633

European eel European

catfish
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Atlantic
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Calculation of deformation

» Rotation and translation carried out prior to the deformation calculation to get rid of the target’s
mouvement

* The deformation is the vertical distance between the positic}n_of_gne_sam% point of the contour’s mesh
from one time step to the next
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« Calculation of the deformation at
each point of the contour’s
mesh, for each detection of the
target

— generation of map of deformation
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Comparison between individuals

« Similarities between individuals of same species or group of species that can be observed with the

visual reviewing of the maps- 0 SIL 5

Time axis

Time axis

25 25 0 25

" Index of the point’s curve of the gir-

25 -25 0 25
Index of the point’s curve of the grid Index of the point’s curve of'the grid Index of the point’s curve ofthe grid

J
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Comparison between individuals

« Low similarities between the individuals of the species SAT: might be highly impact by the
fish trajectories, much more heterogenous

—— SAT 1 (N=14)
—— SAT 2 (N=7)

200

400

Time axis

600

800

1000

25 0 25 25 0 25 -25 0 25

Index of the point’s curve of the grid Index of the point’s curve of the grid Index of the point’s curve of the g:l'ici
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Impact of the fish’'s direction

« High dissimilarity observed between individuals of the same species depending on their
swimming direction:
0
—— SIL 1(N=11)
—— SIL 2 (N=14)
200 SIL_3 (N=13)
—— SIL 4 (N=6)
SIL 5 (N=15)
400
600
800
25 -25 0 25 S 25
Index of the point’s curve of the grid Index of the point’s curve of the grid Index of the point’s curve of the grid Index of the point’s curve of the grid
1000
Downstream
direction
1200

0 200 400 600
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Impact of the fish’s direction

@"B

» High dissimilarity observed between individuals of the same species depending on their
swimming direction:

EEL 1 (N=19)
EEL 2 (N=19)
EEL 3 (N=18)
EEL 4 (N=19)
EEL 5 (N=47)
EEL 6 (N=20)
EEL 7 (N=12)
EEL 8 (N=10)
EEL 9 (N=10)
EEL 10 (N=10)

Time axis
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Deformation (px)
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Perspectives

* Design a classification model to
automaticaly identify species from the
whole set of information

« Consider environmental conditions
(water flow...) and ecological
knowledge (migration season,
behaviour,...)

* Offer to go further in the analysis of fish
passages with the study of swimming
behaviour (predation, active swimming, ...
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Modélisation trajectoire de nage

dévalaison des smolts
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Hypothese

<m\""/-?(>'\‘i) - )
. « Champs de vitesse

» Accélération e
« Turbulence / |
N /"« 1d. individu
s D N ;
=> La force de poussée 7" - Vitesse

* Gradient de vitesse

A partir du couplage entre CFD et télémetrie, nous cherchons a caractériser le comportement de nage des
smolts => Force de poussée (movement capacity)

dz(t)? = ﬁ
-2 = Lr(t) + I'p(t)

Résoudre la seconde loi de Newton: x(t) est la position a I'instant, t m

—>vf

ou, 7y (ke)itle poids du poisson F» (N) la force de
poussée F'p et laforce de trainée

22



Approche Methodo.

INPUT DATA OUTCOME
Fish acceleration d®x
dt? \ Fish thrust
components

Drag force |FT|

Measured swim paths
x=f(t) : —
Fish velocity 44X Drag coefficient
dt
Newton’s \I/

| FT|, angle that define

/ 2nd law
fish swimming direction
and orientation (6,3)

Flow velocity

Flow acceleration

CFD simulations
Inspired by Arenas et al. 2015

Turbulent kinetic energy

» Une force de poussée

» F;
* Une orientation par rapport au
sens de I'écoulement du fluide
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Simulation numeérique CFD (Poutes 2017 )

Contrasting intensities of hydraulic conditions

Low hydraulic conditions

Q

inflow =

7, Cl’rurloineol =2 m>/s

Mean flow velocity =

1,6 cm/s

N\

Velocity Magnitude (m/s)

?

f
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g
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T
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Water intake’/ Bypass

Cumulated time
{min)

« High » hydraulic conditions

Q

inflow =

Mean flow velocity =
17 cm/s

40, Q’rurbined - 27 m>/s

Water intake

4

Temporary bypass

Cumulated time
{min)
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Analyse des comportements de nage

How do these hydraulic conditions
intensities influence the smolt swimming
behavior?

 Low hydraulic conditions (uf, af, TKE) :

The smolt has no preferred orientation or
swimming direction.

High intensity of thrust force (burst).

« High hydraulic conditions (uf, af, TKE) :

The smolt moves in the direction of the flow,
head upstream: controlled drift.

Low thrust force intensity (endurance).

q
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/ B Angle
Orientation

+ |Fyl
median

Flow
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/ 0 Angle
Direction +
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median

Flow
direction

High intensity /

Ben Jebria et al, 202]
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Analyse des comportements de nage

* Most studies analyzing smotls behavior are conducted in large structures with
very high flows (Arenas et al., 2015; Enders et al. 2012; Johnson et al., 2009).

« At Poutes, the flows are of very low intensity. Even for our high flow
velocities.

Thrust force (N)
N

Lost smolts Escaped smolts
6% 10° Burst swim ' : Burst smin
X T N o P S S S

31 iy i 'ﬁ: """"" G b—o'c:]’'_c,"ti.'"o’a?r'.!Eé'""''":r """""""""""

Endurance swim

S

1 /i\ -
U/t\ @) Flow velocity intensity (m/s)

]
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Modélisation des comportements de nage

—
To calculate V, , we need to know :

P Atv; P, ||F1>|| and swimming orientation at the position P,
XX
- - P3 P3
— —
Z T At — Zt € /\ ‘[/‘ (structural equation)
—}* —
4 — Z t T E ¢ (observation equation)

Bio-mechanical model of smolt behavior (Newton's 2nd law):

— —

A )
V(t+A) = V@H# + Fp(t)
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Modélisation des comportements de nage

Thrust force model F;

- (12

Y; : smolt swimming directional variation

cos(7t)
sin(yt)

* The thrust force (F;) and the directional variation y are conditioned by

smolt swimming behavior

3 swimming behavior :

endurance (C,) et burst (C5).

|Er®)[|C(t) = C; ~ U(Fiy, F)Vi € {12.3}

'}’f‘cf—l ~ WC (Mf: Pf)
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Modélisation des comportements de nage

1- A model on the smolt behavioral swimming state :

linking the probability of being in one of the 3 behavioral swimming

states with the flow velocity

Behavior swimming state — Burst (C3)
9 — Endurance (C2)
N — Passive (C1)
100%—
70%+
61%_}
58% |
38%
23%+
8%
0 —

1% 1 T { T > )
0 0'(%4 02 1 2 Flow velocity
Very low intensity (m/s)

Low High Biblio

Very high

Medium
(non observed at Pouteés)

Figure showing the a priori
knowledge of the probability of
being in a behavioral swimming

state as a function of flow

velocity intensity

g
& SEeDF

Probability

1.0

0.8

0.6

0.4

0.2

0.0

Bézier regression model

Passive (C1
== Endurance (C2)
=== Burst (C3)

Flow speed modulus (m/s)

Example of Bézier curves
with several random
parameters: calibrate the

mode/
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Modélisation des comportements de nage

Test on real case: Simulation of 2D movements in Pouteés

4977300
|

4977260
|

DOWNSTREAM

4977220
|

UPSTREAM

4977180
L

[ I I | I I |
553040 553060 553080 553100 553120 553140 553160

Example of trajectories measured (solid arrows) and simulated from random input
parameters following the a priori distribution

g
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Autres applications

Biodiversité: dynamique de migration, présence du silure a
proximité des sites hydroélectriques

&

Arrivées massive de colmatant au niveau des prises de centrales nucléaires

Vision
- Poissons sonar
- Méduses des
- Débris végetaux algues

Réduire I’entrainement des poisons dans les prises d’eau

Modélisation des nages en dérive {i
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