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1. Aquaculture: promise and perils

1.1. Development and promise from aquaculture
A Aquaculture supports man in his evolution

China Today What next ?

(~-3500 BC) dp/
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1. Aquaculture: promise and perils

1.1. Development and promise from aquaculture
A Development of aquaculture sector

%0 Major food production industry
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The proportion of fish from aquaculture (vs. capture) is increasing

Aquaculture is the fastest growing food industry sector #
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1. Aquaculture: promise and perils

1.2. Some concern about aquaculture
A Perils of aquaculture

Environmental concerns

v
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Welfare concerns
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Fish production Consumer opinion
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Economiaconsequences d
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1. Aquaculture: promise and perils

A The project:
C dz(l dzNB 9 consdjrtdnin @adhers 32 partners including SMEs, Associations, Research Institut

and aquaculture farms from Europe (9 different countries).
C Objectives are to effectively promote the sustainable growth of environmentaffiendly
aquaculture in Europe, to meet future challenges of our modern society

A Internet of things for healthy fish and environment (WP5, Giuseppembag COISPA)

Monitoring the impact of housing environments and innovative diets on the fish health and
welfare during largescale demonstration activities, by using a wireless communication system ta
integrate Key Performance Indicators (KPIs). /

Enhancing fish health

Enhancing fish welfare j
Enhancing environmental sustainability and productionf UTURE "
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Summary

2. Internet of things (1oT)
2.1. What is loT ?
2.2. Tools to be used in aquaculture
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2. Internet of things (loT)

e

2.1. What is loT ?

A Definition:
bSG62N] 2F LIKeaAOlf 202S00&a 2NJ T GKAYy3I&a& n S)H
connectivity, which enables these objects to collect and exchange data.

Aguaculture
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2. Internet of things (loT)

L

2.1. What is loT ?
A Some examples:

Homesecurity Activity tracker
Sensors Fatigue

Alarms Apetite
Cameras Bloodpresure

>
Ligh Oxygenlevel
<

X

Microphone Heartrate

| —

Interface Interface

!

Humans

Humans

Unlimited Possibilities
dThe Internet of Things is really just
getting started. Years from now we
will be connected in ways that are
difficult to imagine today. 0T
applications, especially when
combined with artificial intelligence
and automation, will improve
decision making, efficiency,
convenience, wellness, and energy
conservationThe integration of
these technologies will also enable
creative thinking and innovative
applications across a wide range of
industriesb ¢
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2. Internet of things (loT)

L

2.2. Tools to be used in agquaculture
A Fish health and welfare

z

-

Accelerometetags Heartbeat rate logger EMG (musclactivity) Camera system

A Biomass estimation

7 +
i |

Accoustidransmissions Infraredtechnologies VideocamerasFUTURE d
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Summary

3. How IoT could help in aquaculture ?
3.1. Enhance environmental sustainability and fish welfare
3.2. Enhance productivity
3.3. Some limitations
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3. How 10T could help in aquaculture ?

/ . . ngw. .
3.1. Enhance environmental sustainability and fish welfare
A Health and welfare A Environmental parameters
Accelerometetags IP camera system 0,/ Salinity Blue/green Turbidity Chlorophyl
temperature algae
..' Data in real time
o’ C Control environmental
) N g quality

C Fast decisions to prevent
health/ welfare issues

((. d |
Cloud - Fure”__ |
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3. How 10T could help in aquaculture ?

e

3.2. Enhance productivity

A Biomass estimation

C
C

Data in real time
Constant monitoring of fish growth

Avoid to sample and stress fish

Satiation detection

C Operations more efficient and reducing feed costs
C Avoidto wastefeed (environmentalsustainability

el N{LDS://WWw.youtube.com/watch?v=Yez95aTxU0o
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https://www.youtube.com/watch?v=Yez95aTxU0o

3. How 10T could help in aquaculture ?

L

3.3.Somelimitations

A Where are we ? A Where do we want to go ?

\\H//{/
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Growthperformances

Fishswimmingactivity

Early identification to prevent
health/welfare issue

Algorithmes/ machine learning Fummj
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3. How 10T could help in aquaculture ?

e

3.3. Some limitations
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4. FutureEUaquaroject
4.1. Objectives
4.2. Calibration of physiological sensors
4.3. Study X Assessing physiological effects of feeding an innovative diet
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4. FutureEUaquaroject

A

The project:
C dz(l dzNB 9 consdjrtdnin @adhers 32 partners including SMEs, Associations, Research Institut
and aquaculture farms from Europe (9 different countries).

C Objectives are to effectively promote the sustainable growth of environmentafliendly
aquaculture in Europe, to meet future challenges of our modern society

A

OO O)¢

Internet of things for healthy fish and environment (WP5, Giusepijpembqg COISPA)

Monitoring the impact of housing environments and innovative diets on the fish health and
welfare during largescale demonstration activities, by using a wireless communication system ta
integrate Key Performance Indicators (KPIs). /

Enhancing fish health

Enhancing fish welfare j
Enhancing environmental sustainability and productionf UTURE "
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4. FutureEUaquaroject
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4.2. Calibration of physiological sensors
A Calibration of tool for measuring fish welfare

C Calibrate acceleration recorded by sensors with energetics feati&s [ muscle activity),
C Tool for welfare monitoring in freewimming fish during the large scale experiments

mmm) Estimation ofmetabolicrates
mmm) Calibration of MQwith the accelerationrecordedby tag

mmm) Measurementsof red/white muscles activation pattern (EMG)

mmm) The calibration of the acceleration recorded by tag with these parameters would provide reliable
proxy of fish energy expenditure to be use in free swimming fish during large scale experiments

Calibration

~Z
A

FOCUSED in tipeesentation
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4. FutureEUaquaroject

4.2. Calibration of physiological sensors
A Calibration of tool for measuring fish welfare
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- Acceleration data from accelerometers tags follows an exponen
pattern whatever fish size in the swimming tunnel

VemcoV9A tag FUTURE d
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4.2. Calibration of physiological sensors

A Calibration of tool for measuring fish welfare

800 1

600 -

400 1

MO, (mgQ/kg/h)

200 1

QW Ty 0 QI i
8
p Q 8
600 -
‘:I|\
b, C
- —
. o
e i ¢ 400 -
/A . N o
v -
ooy Mass (g) ~
y 4 (V]
48 1000 @)
o 200 -
V4%, 74 III 800 =
p :
fv;§?v ' 600
400
. 200
0-
0 100 200

ooy TR FO Wi i

3
p'g§8

Mass (Q)

800
600

400

Swimmingactivity (AU)

Calibration of acceleration with MOEZ indicative of energy expenditure
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4.2. Calibration of physiological sensors

A Red and white muscle activation pattern (EMG

Red muscle White muscle
_ Anaerobicactivity
Low speedswimming burstsor high

intensity swimming

Emg (mV)
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4.2. Calibration of physiological sensors
A Red and white muscle activation pattern (EMG)

100+ .. Anaerobicmetabolism 1001 Anaerobicmetabolism
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- Activation pattern of red/white muscle is quite similar between the two species |
- Around 65 % of théJ.;;, the anaerobic metabolism begins to progressively compensate the d

LJcrit (%)

slow-down of aerobic metabolism to fuel the swimming of fish

FUTURE
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4.2. Calibration of physiological sensors
A Conclusions from the calibration of physiological sensors

Take home messages:

A Calibrating the acceleration recorded by acceleratitag with the oxygen consumption rate (MO2) and
red/white muscles activity allows to use the acceleration recorded by such sensoeladbbe proxy of fish
energy expenditurg(referring especially to aerobic/anaerobic metaboligm

C Such sensors could be used for remote health/welfare monitoring purposes in aquaculture context.

Marine and Freshwater Behaviour and Physiology, 2015 Topho SSranics S . ORIGINAL RESEARCH
hapid dokorg/10.1080V10236244 2015, 1073456 @ st . biology {,nw & frontiers | frontiers in publshec 13 May 2022
~ dok: 10,3388 Tarikm 2022 BESA50

Mappi ng the Energetic Costs of Free-Swimming Gilthead Sea ®
Bream(#; ta), a Key Species in Europea =
Marine Aqua

Using Telemetry Sensors Mapping
the Energetic Costs in European Sea
Bass (Dicentrarchus labrax), as a
Tool for Welfare Remote Monitoring
in Aquaculture

Sabastien Alfonso *, Walter Zupa, Maria Teresa Spedicato, Giuseppe Lembo and
Pierluigi Carbonara

OONSPA Tecnologs 8 Aloars, Bar, kaly

https://doi. orq/lO 1080/10236244.2015.1073456 https://dm.orq/lO.3390/bio|oqv10121357 https://doi.orq/10.3389/fanim.2022.885850¢,
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4.3. Study I Assessing physiological effects of feeding an innovative diet
A Experimentaprotocol| Trial

A

Ty T SENSOR DATA T,
l l
Blood sampling Blood sampling Blood sampling
Organ sampling Organ sampling Organ sampling
Implantation of tag
e TO T1 T2
Date 14-15/07/2020 | 24-25/04/2021 | 06-07/07/2021
Samplesize 10 18 per condition| 20 per condition
Mass (g) 29.7154.24 | 310.445128.75| 379.945137.70
TL (mm) 137.3456.15 | 290.97533.21 | 316.58F38.48

FUTURE d
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4.3. Study I Assessing physiological effects of feeding an innovative diet
A Monitoring health and welfare of European sea bass over growth trial

_ 633.8-0.21 + Mass
i 523-x

MO, (mg0, kg*h?)
-

100
Swimming activity (AU)

A Accelerometer tags

Implantationin bodycavity

Indicative ofoxygenconsumptionrate (MQ,)
Proxy of energgxpenditure

C Continuousmonitoring over trial

Z
x&

A Physiological parameters
Cortisol/ Glucosé€ Lactate

Adrenaline / Noradrenaline lLlysozyme /
Hematocrit/ Hemoglobir/ Redblood cellscount

Totalproteins/ Prealbumin/ aloumin/ etc. %
FUTIRE
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4.3. Study I Assessing physiological effects of feeding an innovative diet
A Accelerometer tags | Acceleration displayed by fish over trial

207 Diet: p=0.057 H Commercial diet

AN aaan 2T

ssssssssssssssssssssssssssssssssssssss

Innovative diet

-
(4]
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. - ii ﬁ |ii
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0.04 —— | 004 Day Night

Fish 1 Fish 2 Fish 3 Fish 4 Fish 5 - Fish 1 Fish 2 Fish 3 Fish 4 Fish 5 Pe rIO d
A Conclusion:
Theaccelerationof seabassis lower at night compare talay. Similarto what we previouslyobservedin this species

Seabassfed innovativediet tends to displayower accelerationover theexperimentalduration (p=0.057). o
FuTwe "~
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4.3. Study I Assessing physiological effects of feeding an innovative diet
A Accelerometer tags | Frequency distribution @fccelereration

= . Control de | 00 bommerciél: Commercial > :
= 1= £ Innovative | Innovative |
x j ) | 3 ' (aerobig | | (anaerobig ¢
O\I | i|l' | M ; | ‘ I||| ||I - M‘ |I||Ii!||..| | ‘ |"| ‘ E l Lo I
2 ' o

= ey l : :
S | o | : :
2 o ive dl S I | |
© C oot ! ! !
Q 5 ' \ | 1
4('_5‘ 400 -} ‘ I
U | 1
£ T :
E . LL ! I

B Cb | |b t ‘; : I_ 100 o : 200

asedn tag calibration Swimmingactivity (AU)

A Conclusion:

Greaternumber of data forswimmingactivity valuesrangingfrom to 11-50 forfish fed innovativediet than
commercial one. At theontrary Greaternumberof data forswimmingactivity valuesrangingfromto 71-170 for . |
fishfed innovativediet than commercial one. /#
C It suggests lowewnse of anaerobic metabolism in fish fed innovative diet (anite versa  FUTIRE a—a
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4.3. Study I Assessing physiological effects of feeding an innovative diet

A PCA analysis| Combination of tag data with other health/welfare markers
Dimension 1 Dimension 2 Dimension 3
Total proteins % * *
SGRA i
Noradrenaline i * 3
Lactate - i % % g
* * ~
Immunoglobulin M+ i X £
| a
Hsp701 ¥
Cortisol 1 % i
Alfa1 1 § % %
feesersten _ - | - : o o Dim1 (209?6%) 2.5

40 05 00 05 10-10 05 00 05 10-10 -05 00 05 10 ) )
Dim 2.Innov > controbiet

Correlation score

C Give a larger and more comprehensive overview of health/welfare state of fish because continquus w
UTURE ~_

e

monitoring — A A
COTIY

A Conclusion:
Acceleratiorrecordedby tagcouldbe linkedto other healti/ welfare markers (e.g. cortisol, lactate, totptoteing @
re /,

29



4. FutureEUaquaroject

A Conclusions from the study 4 use of tag data

A The swimming activity recorded by tag allowed continulealth/welfare remote
monitoring, especiallyoy estimations on energy expenditurdinked to
aerobic/anaerobic metabolish

A Tagging did not affect health/welfare of fish (data non presented). Also high survival jof
fish tagged (29 out of the 30 tagged fisk)pporting the use of physiological sensors fc
welfare monitoring in aquaculture

A The insights gathered from tag can be combined to other more classical health/welfz
parameters (e.g. blood stress markers, welfare scores, immunity, growth performanc
C Give a larger overview of health/welfare state of fish

A Although only presented in the large scale trial in sea bass, the use of tag was prove
useful for large scale demonstrations for both conventional and organic-smae trials ir
sea breamandrainbow trout.

C See Deliverable D5.5 /

FUTURE ~ J/ |
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4.4. Study Z, Realtime monitoring of environmental and physiological parameters
A Calibration of tool for biomass estimation

Successful results in laboratory conditions

Use of externally trained neural networks models for object detection
Low cost camera is needed (Intel RealSense D435i stereo camefak=
Open source software for object detection and classification (Open CV g
computer vision library) _ A oy
Provide tools to estimate biomass in sea cages (at low cost)

To o o o

)¢

University of ThessalyNITlabh

NikosSidiropoulos
GilannisKazdaridis
Assoc. ProfThanasi¥orakis

N (((é))) T D S FUTURE d
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4.4. Study Z, Realtime monitoring of environmental and physiological parameters
A Calibration of tool for biomass estimation

A The camera was attached to the side pane of the tank which serves as a
housing front cover

A The two parts of the software (efhore) and (orshore) were merged
into a single application for testing purposes.

A The actual measurement of the fish prop was taken and was 19.5 cm

FUTURE d

- EURqug,




4. FutureEUaquaroject

A Calibration of tool for biomass estimation

The software starts taking measurementsby
clicking on two points in either the depth
visualizatiorwindow or the infrared one.

The result of this measurement, happening
once per video stream frame, is visiblein the
top left window in the image

C The measurement error across multiple
testswas 1%- 2%in the lab.

FUTURE j

Depth data image Infrared Image FU HQUH
33
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B Infrared

B Value _Min
SKTOP-DEBAHB1

AAEON UP-CHCR1

o Temperatures
TZ00

B Utilization
System Memory 50 %

Intel Atom x5 Z8350

4 Temneraturec

60°C (140°F) 39°C (102°F) 63°C (145°F)

Fish 63% 0.26 meters away

23/6/2021 53

Seefinal resultsin the deliverableD5.7
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4.4. Study Z, Realtime monitoring of environmental and physiological parameters

A Experimentaprotocol| Trial
EFALONIA

KM%

09.20.2021 01.31.2022
I |
-12 -11-9  Start ofexperiment 89, 93 and 94 128, 130 and 131  End ofexperiment
(Day 0) (Day 133)

() Morphometricsmeasurement< estimation ofweigth gainedper day
B mplantations ofhysiologicaind environmentalsensors

KefaloniaFisheries Argostoli [ ] Monitoring period FUTUREd
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4.4. Study Z, Realtime monitoring of environmental and physiological parameters
A Physiological sensor | Implantation of accelerometer tag

-]

A Physiological sensor| Monitoring energy expenditure

s 633.8 — 0.21 + Mass

N A Accelerometer tags

Implantationin bodycavity

Indicative ofoxygenconsumptionrate (MQ,)
Proxy of energgxpenditure

Measurementsof depth /_J/
C Continuousmonitoring over trial N

s ]

Swimr‘:ing activity (AU) E U H Q U H
37
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4.4. Study Z, Realtime monitoring of environmental and physiological parameters

A Implementation of environmental sensors | Connection of wireless sensor system
=D WIFI/AG

2oy T

Solarpannel

Acoustictransmissionw
(((' ((" e D U e
Environmental
Receiver * 200 m > ateg sensors | ®T =<
W Gt Taggedseabass

Q‘K( With sensor(n=8
A Sensorsdeployed: \_//
- Fish tagged with accelerometer tags (n = %
- DO and temperature sensors ' Q@’ %

- Salinityandturbidity sensors FutRe

FURQUA,
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T 4.4 Study 2z, Reaitime monitoring of environmental and physiological parameters
A Data visualization in real time R @
= HHHHHH

- -)))

Solarpannel l—

Hub

Environmental atg
=

> ateg sensors
A Taggedseabass

Q?‘,'( With sensor(n=8

IR
Receiver| | * o

A Sensorsdeployed:
- Fish tagged with accelerometer tags (n = 8

- DO and temperature sensors d
FUTRE~__~
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N




4. FutureEUaquaroject

L

4.4. Study Z, Realtime monitoring of environmental and physiological parameters
A Physiological sensors data| Effect of daytime

Fish_02 Fish_03 Fish_04
100 A 1004 . - 100 4 . T
50 % 504 | 504 . é bl E\E []
LIEEIE
01 01 T T T : T T 01 T T g T : T T
5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Fish_05 Fish_07 Fish_08

o
=}
o
=}

100 4

fw@é@%ﬁéééma W - it

0-
5 10 15 20 25 0 5 10 15 20 25
Fish_10 Fish_11

MW Py - | Mﬁ T

5 10 15 20 25 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Hour Hour

Depth(m)

o
o

0 5 10 15 20 25

Swimmingactivity (AU)

-
o
o
-
o
o

41}
o

o
1
o

A Conclusion:

- Swimmingactivity andfish depth both follow diurnal pattern YV
- At day time, the swimming activity is greater and fish are located deeper than at night time -
C Consistent with results found in previous work regardiedpaviourof sea bass FUTRE ~_—

— - EURauR,
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A Modelling KPI| Growth performance

Weightgained~ Swimmingactivity + Depth+ Temperaturet+ DO #eedgiven

Fixed effects Estimate Std. error P value @2'°'NS (#)
(Intercept) -1.910304 0.124227 <0.001 () e
Swimming activity] 0.002888 0.001480 0.05373 (#) ?.o-
Depth -0.019231 0.010267 0.06397 (#) g
Temperature 0.155274 0.004631 <0.001 (***) £
Dissolved oxygen| -0.003138 0.001094 <0.001 (***) oo —
Feed given 0.005800 0.004419 0.19237 (NS) g

wn

o

o
v

- Weightgainedby fishis affectedby temperatureand DO
- Tendencyfor significanteffectsof swimmingactivity and

Weight gained by fish per day(g)

o
o

depth (recordedusingaccelerometeitags) O e ooy
- Noeffectsof feed given

Weight gained by fish per day(g)

Weight gained by fish per day(g)

[ ind
o

o

o

o
w»

=
o

ho
o

W

o

o
3

o
o

NS (#)

00 25 50 75 100 12f
Feed given by fish per day (g)

*kk

12 16 20 24
Temperature (°C)

/
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A Modelling KPI| Mortality

300

250 ‘ Mortality ~ Swimmingactivity + Depth+ Temperaturet+ DO

200
2501 **x%x 2501 *%%

150
200

N
o
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Fixed effects Estimate Std. error P value Sbsmmrﬁ?ng actfﬁ?y (Au)wéo 4 D;%pth m 8 10
(Intercept) -3.551228 0.516575 <0.001 (***)
Swimming activity 0.023056 0.006318 <0.001 (***)
Depth 0.289137 0.041496 <0.001 (***) _ ]
Temperature -0.067844 0.17736 <0.001 (***) S
Dissolved oxygen 0.031898 0.004681 <0.001 (***) 5
- Mortality is affectedby temperatureand DO o == //
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