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at the office...”
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Aquafeed Primary Shrimp or Fish production

Num sistema de AMTI
espécies aquaticas de
diferentes niveis troéficos
sao cultivadas de forma
integrada, de modo a
melhorar a eficiéncia
produtiva, reduzir o
desperdicio de
nutrientes e promover
e servicos de ecossistema,
S ’ S —— como a biorremediac3o.
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Sea urchins

Microalgae

Amphipods
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Concetualmente, a AMTI faz todo o
sentido, pois a producao de peixe e

crustaceos em tanques e jaulas é ainda
@ pouco eficiente no uso integral dos

nutrientes fornecidos em ragoes aquicolas.

No entanto, a AMTI é um modelo de producao
complexo cujo desempenho depende de um equilibrio ¢y
de interacgoes troficas dificil de alcancar entre as
espécies cultivadas. E improvavel que um piscicultor @

possua o conhecimento necessario para cultivar todas
as espécies integradas num modelo de AMTI funcional e
rentavel.



Por outras palavras,
a AMTI pode tornar
uma tarefa dificil,
como a criacao de
peixes ou camaroes,
ainda mais
desafiadora ao
adicionar camadas
de complexidade a
sistemas de
producao de
monocultura ja de si
complexos...




As “pequenas coisas” sobre AMTI de que
ninguém fala:

Os sistemas AMTI sao menos flexiveis do que
os sistemas de monocultura na resposta ao
mercado, pois se ocorrer um aumento na
procura (e consequentemente do preco) das
espécies extrativas (ex., bivalves e/ou algas),
nao é possivel aumentar o fornecimento de
nutrientes sem perturbar o equilibrio
necessario para manter um sistema AMTI.

As cadeias de valor das diferentes espécies
cultivadas em AMTI sao quase sempre
distintas e desconexas, o que constitui um
desafio para o produtor.



Muitas vezes os sistemas de AMTI
combinam a Teoria e a Pratica:

Teoria
Alguém sabe tudo, mas nada funciona...

Pratica
Tudo funciona, mas ninguém sabe porqué...

Sistemas de AMTI

Nada funciona e ninguém sabe porqué...




Apesar de todos os desafios, se
um produtor ainda assim quiser
avancar com a instalacao de um
sistema de AMTI, o primeiro
passo é reutilizar a matéria
organica particulada existente na
agua...




Filtros de areia fluidizados por poliquetas (Hediste diversicolor)
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Fatty acid composition (ug mg-'1 DW)

—_

Diopatra neapolitana
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Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Science s+«
Total Envirenment

Contents lists available at ScienceDirect

\ Aquaculture
ol

EIL SEVIER journal homepage: www .elsevier.com/locate/aquaculture

Salinity shapes the stress responses and energy reserves of marine
polychaetes exposed to warming: From molecular to
functional phenotypes

Check for
updates

Diana Madeira *®<* Joana Filipa Fernandes?, Daniel Jerénimo?, Patricia Martins ?, Fernando Ricardo?,

Andreia Santos?, Maria Rosario Domingues %€, Mario Sousa Diniz®, Ricardo Calado ***

Contents lists available at ScienceDirect
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environmental
Environmental Research
i X i f‘““—.
ELSEVIER journal homepage: www.elsevier.com/locate/envres
Calcium homeostasis and stable fatty acid composition underpin heatwave | %

tolerance of the keystone polychaete Hediste diversicolor

a,b,c,

Diana Madeira , Joana Filipa Fernandes ®, Daniel Jerénimo ”, Fernando Ricardo?,
Andreia Santos °, Maria Rosario Domingues %, Ricardo Calado™

scientific reports

W) Check for updaies

Performance of polychaete assisted
sand filters under contrasting
nutrient loads in an integrated
multi-trophic aquaculture (IMTA)

system

Daniel Jerénimo'™, Ana lsabel Lillebe', Andreia Santes’, Javier Cremades® &
. v s

Ricarde Calado™”

Modulation of fatty acid profiles by global and local ocean change drivers in
the ragworm Hediste diversicolor: implications for aquaculture production

Joana Filipa Fernandes ™, Fernando Ricardo?, Daniel Jerénimo®, Andreia Santos®
SL | i b
Maria Rosario Domingues ™, Ricardo Calado *, Diana Madeira ™"

}fl‘ontiers ORIGINAL RESEARCE:I

in Marine Science doi: 10.3589/ma

Optimizing the Timeframe to
Produce Polychaetes (Hediste
diversicolor) Enriched With Essential
Fatty Acids Under Different
Combinations of Temperature and
Salinity

Daniel Jerénimo™, Ana Isabel Lillebo’, Felisa Rey??, Henrique Koga Ii#,
Edited by: M. Rosario M. Domingues?? and Ricardo Calado™

OPEN ACCESS

scientific reports

W) Check for updmes

Unravelling the fatty acid profiles
of different polychaete species
cultured under integrated
multi-trophic aquaculture (IMTA)

Daniel Jerdnimo'", Ana Isabel Lillaba*, Elisabets Maciel**, M. Rosirio M. Dominguas’,
Javier Cremades" & Ricardo Calado'™

Check for
Updates.



Metodologia - Artificial Substrate Unit (ASU)

netroll (0.01 m

I it Ihe’i

(10 large + 20 small)

02mx04m sewn together

6 sewn together triangular-based pyramid = 285 g 5 replicates

Ascidiella aspersa Ciona intestinalis

Styela sp. Styela plicata K Botryllus schlosseri

Botrylloides violaceus

Clavelina Iepadiformy

As ascidias (tunicados)
conseguem filtrar matéria
organica dissolvida presente
na agua e a sua biomassa
apresenta elevado potencial
biotecnoldgico.



," frontiers . REVIEW
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published: 20 June 2022 Fuokny
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Chack for
updates

& frontiers | Frontiers in

Using Oyster Shells for Customized Potential of Ascidians as Extractive
3-D Structures for Monitoring Species and Their Added Value in

Ecosystem Shifts on Marine Integrated Multitrophic

Ascidians Diversity Aquaculture Systems-From Pests to
* * Valuable Blue Bioresources

Luisa Marques ', Guilherme Teixeira, Ricardo Calado and Ana Isabel Lillebo

Luisa Marques*, Ricardo Calado and Ana Isabel Lillebo*

&JX marine drugs MoPy

Article
Screening for Health-Promoting Fatty Acids in Ascidians and
Seaweeds Grown under the Influence of Fish Farming Activities

Luisa Marques "*(, Maria Rosario Domingues >3, Elisabete da Costa %>, Maria Helena Abreu *,
Ana Isabel Lillebe ' and Ricardo Calado 1"*



Os anfipodes gamarideos (ex. Gamarus locusta) realizam um “upgrade”
trofico, sintetizando LC-PUFA a partir de alimento sem estas biomoléculas.



Depois de reutilizar a matéria
organica particulada existente na
agua é necessario proceder a
reutilizacao dos nutrientes
inorganicos dissolvidos na agua...
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Biological material Lipid Extraction Crude lipid extract

«Conventional methods
+Green extraction Shotgun based LC based
lipidomics ipidomics
P
J
Data processing Data analysis Mass Liquid

-Identification Spectrometry  Chromatography

# *Quantification -Species separation

m\"\"ﬂ «Classes separation

Review

Bioprospecting of Marine Macrophytes Using

&
MS-Based Lipidomics as a New Approach

Elisabete Maciel 12#, Miguel Costa Leal 3 Ana Isabel Lillebo 2, Pedro Domingues 1 Statistical bysi
Maria Rosério Domingues ! and Ricardo Calado 2* ausucail anatysis



Laboratorio de Lipidomica Marinha @Departamento de Quimica
Universidade de Aveiro
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Article
Site-Specific Lipidomic Signatures of Sea Lettuce

(Ulva spp., Chlorophyta) Hold the Potential to Trace
Their Geographic Origin

Elisabete da Costa 2, Fernando Ricardo 3, Tania Melo %, Renato Mamede 3, Maria H. Abreu 4,
Pedro Domingues 2, M. Rosario Domingues 2 and Ricardo Calado 3*
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Article
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latissima Can Be Used to Pinpoint Their
Geographic Origin
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Manipulando a intensidade e o espetro da luz do sol para otimizar o
crescimento/qualidade das algas



Fluorescéncia da Clorofila a — Metodologias para avaliagao da atividade
fotossintética, fotoprotecao e fotoinibicao
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[y frontlers Frontiers in published: 02 June 2022
doi: 10.3389/fmars.2022.906332

Chack for
updates.

Controlling Light to Optimize Growth
and Added Value of the Green
Macroalga Codium tomentosum

Contents lists available at ScienceDirect

Algal Research

_

e AT =
ELSEVIER journal homepage: www.elsevier.com/locate/algal

Ruben Marques , Anthony Moreira, Sdnia Cruz, Ricardo Calado and Paulo Cartaxana*

Spatial variability of elemental fingerprints of sea lettuce (Ulva spp.) and its | %
potential use to trace geographic origin

Renato Mamede ™, Fernando Ricardo ®, Maria Helena Abreu”, Eduardo Ferreira da Silva®,
Carla Patinha ©, Ricardo Calado ™

plants MoPy

Communication

Photosynthetic Pigment and Carbohydrate Profiling of
Fucus vesiculosus from an Iberian Coastal Lagoon

Ana C. R. Resende ', Rui Pereira (¥, Claudia Nunes >, Sdnia Cruz *, Ricardo Calado ?
and Paulo Cartaxana **
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Nitrogen
(mg L")

Phosphorous
(mgL?)

Initial biomass [E-ELI=

Total EEEETLNs

g unit?!

g unit?

gm?day?

n unit*

m unit™?

446 +6.0

1959+287°2

155.2+16.7*

40.3+12.9

48.0+7.9°

0.26 +0.06 *

1658 + 167

1.83+0.12°

474+6.3

2455 +39.7 %

216.3+36.5"

28.9+45

62.9 +13.72°

0.13+0.02°

1879+ 103

229+0.26"

493 +6.2

257.6 +40.8 2P

228.6+35.4"

29.0+55

66.1+11.230

0.13+0.01°

2008 + 190

239+0.22%

486+2.1

279.4+44.7"

2454+ 404"

32.0+6.7

73.3+145°

0.13+0.02°

1958 + 277

2.51+0.32"
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Ajude-nos a descobrir

espondendo ao nosso questiondrio
rava de salicornia (opcional)
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Contents lists available at ScienceDirect

Energy Conversion and Management

journal homepage: www.elsevier.com/locate/enconman

Halimione portulacoides biomass - a sustainable feedstock for bioenergy i
production from an integrated water-energy-food system

Ricardo N. Coimbra“, Marco Custédio °, Eduarde M. Cuerda-Correa ©, Moonis Ali Khan ",
Ricardo Calado ", Ana L. Lillebg t‘, Marta Otero ™

Contents lists available at ScienceDirect

Marine Policy

R journal homepage: www.elsevier.com/locate/marpol

ELSEVI

Full length article Jm
Halophytes as novel marine pI‘Odll(‘TS — A consumers’ perspective in ey

Portugal and policy implications

Marco Custédio ™™, Ana L Lillebg?, Ricardo Calado ®, Sebasti4n Villasante <"

Contents lists available at ScienceDirect ’
SCIENCE =«
Tetal Envirenment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Testing the hydroponic performance of the edible halophyte Halimione )
portulacoides, a potential extractive species for coastal Integrated o

Multi-Trophic Aquaculture

Marco Custédio **, Sebastidn Villasante °, Ricardo Calado? Ana L. Lillebg**

REVIEWS IN Aquaculture

Reviews in Aguacuwitere 2020) 12, 392-405

Valuation of Ecosystem Services to promote sustainable
aquaculture practices

Marca Custadia' (%), Sebastian Villasante®® (%), Ricardo Calade (% and Ana lsabel Lilleba'

beiciell applied 7

A MDPI
sciences r\\)
Article

LED Lighting and High-Density Planting Enhance the
Cost-Efficiency of Halimione portulacoides Extraction Units
for Integrated Aquaculture

Marco Custodio ?*, Paulo Cartaxana '@, Sebastian Villasante >*3, Ricardo Calado '™ and Ana Isabel Lillebo *

SCIENTIFIC
REPORTS

natureresearch

Nutrient availability affects the
polar lipidome of Halimione
portulacoides leaves cultured in
hydroponics

Marco Custddio (", Elisabete Maciel™**, Maria Rosario Domingues™, Ana lsabel Lilleba™ &
RicardoCalado®®

doi 10.1111/rag.12324
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Project STEP was
designed to
remove as much
particulate
organic matter
and dissolved
nutrients from
fish farm effluent
water as
possible.




Contents lists available at ScienceDirect Vol. 9: 445-460, 2017 AQUACULTURE ENVIRONMENT INTERACTIONS

https://doi.org/10.3354/aei00244 Aquacult Environ Interact Published November 22
Science of the Total Environment OPEN @ ®
ACCESS, BY

REVIEW

journal homepage: www.elsevier.com/locate/scitotenv

Unravelling the potential of halophytes for marine
New species for the biomitigation of a super-intensive marine fish farm @Cmsm 1ntegrateq multi-trophic aquaculture (IMTA)_
effluent: Combined use of polychaete-assisted sand filters and a perspective on performance, opportunities and
halophyte aquaponics challenges

Bruna Marques, Ricardo Calado *, Ana[. Lillebe * S . . ) . 3 o L
Marco Custodio™”, Sebastian Villasante”, Javier Cremades’, Ricardo Calado’,
Ana I. Lillebg’

bipsy/doLorg 03954000255 | Aguacult Environ Interact | Published February 19 \
N L S Wi molecules MbPI|
FEATURE ARTICLE @@
Article
Adding value to ragworms (Hediste diversicolor) Effect of High-Pressure Processing (HPP) on the Fatty
through the bioremediation of a super-intensive Acid Profile of Different Sized Ragworms (Hediste
marine fish farm diversicolor) Cultured in an Integrated Multi-Trophic
Bruna Marques!, Ana Isabel Lillebe!, Fernando Ricardo!, Claudia Nunes??, Aquaculture (IMTA) SyStem

Manuel A. Coimbra®, Ricardo Calado'*

r

Bruna Marques !, Ana Isabel Lillebe '*(, Maria do Rosario M. Domingues 2
SCIENTIFIC Jorge A. Saraiva 3(¥ and Ricardo Calado '*

REPORTS
natureresearch rirird applzed N
- sciences ml\D\Py

Aquaponics using a fish

Article
farm effluent shifts bacterial Halophyte Plants Cultured in Aquaponics Hold the Same
communities profile in halophytes Potential for Valorization as Wild Conspecifics from Donor Sites
rh 1205 p h erean d en d 05 p h ere Bruna Marques L* Elisabete Maciel 2, Maria Rosario Domingues 23(0, Ricardo Calado '@ and Ana
Vanessa Oliveira®, Patricia Martins®, Bruna Marques®, Daniel F. R. Cleary(3*, Ana l. Lilleba*= Isabel Lillebo !

& Ricardo Calado*=



A inspiragéio para novos modelos de AMTI

Os ecossistemas de
recifes de coral sao
altamente produtivos
e biodiversos, embora
existam em ambientes
oceanicos pobres em
nutrientes
(oligotroficos); este
fenomeno é
conhecido como o
paradoxo de Darwin.
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