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Executive Summary 
This deliverable sets out the scope and plan for WP1 in the AquaVitae project. The stakeholder 
feedback results presented in Deliverable 1.1 are based on 21 initial surveys with relevant 
stakeholders aligned with the AquaVitae project from the aquaculture industry, production, 
processing, and research and state bodies.  

WP1 is the beginning of the value chain of production of low trophic species and it ends with 
the post hatchery/nursery stage of production for LTS species. After the Nursery stage WP2 
engages the development and innovation from this point onwards. There is a clear delineation 
between WP1 and WP2, however WP1, 2 and 3 share the same case studies, stakeholders and 
innovation.   

A combined stakeholder survey template (Annex 1) was developed for WP 1, 2 and 3. The 
AquaVitae project in total has 11 work packages, where the development of innovative new 
species, processes and production will be carried out in WP1, 2 and 3 and further evaluated, 
validated and tested by stakeholders in stages, and in the other work packages (WPs 5-8). 
Stakeholders involved in one or more case studies or work packages can directly respond and 
generate data and feedback for all relevant tasks within the innovation work packages. Using 
this survey template reduces the effort needed by the participant in responding to the 
different innovation WP leaders. Stakeholders were identified through a scoping exercise and 
outlined in the stakeholder road map which has been developed by WP9. 

The results of the participating stakeholder surveys in relation to tasks in WP1 are presented 
in Table 2, which includes the specific case studies related to WP1, the species produced and 
the main industry barriers to increase production. All the stakeholders surveyed to a lesser or 
greater degree experience the same industry and legislative barriers and a summary of the 
main shared barriers are outlined here:  

i) Juvenile/seed availability, insufficient juvenile supply is reducing the production of 
biomass  

ii) Aquaculture licencing & permissions, is limiting the industry development and 
reducing the industry’s capacity for expansion when going beyond the pilot to 
commercial stage 

iii) Delayed implementation of innovation from research. Industry has specifically 
requested that there is a rapid conversion of innovation to practice once outputs 
have been validated at an industry relevant level.   

iv) Lack of connectivity between research, industry and governing bodies, surveyed 
participants have stated that there is a disconnect between state agencies, 
research and industry. Surveyed participants would like to see more connectivity 
and engagement going from bottom up and top down with research outputs, 
innovation and knowledge,  
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D1.1 contains the initial stakeholder feedback which will be expanded and linked to the 
AquaVitae prototyping loops (Figure 1) to maintain the industry relevance of tasks and outputs 
for the duration of the project. This will also allow for rapid implementation of innovation at 
an industry relevant level.  

Another additional goal of the undertaken surveys with stakeholders was to validate and align 
the Case Study tasks and how they contribute to the overall WP1 tasks and therefore the 
project with the needs of the industry and relevant stakeholders. 

Although the conclusions of the stakeholder surveys are limited, (as no detailed information 
could be given that would reveal the identity of participants or commercially sensitive data) 
the initial surveys fulfilled their purpose which aligns the development of the detailed CS work 
plans and the overall industry needs (Annex 3).  

D1.1 and the gathering of stakeholder and CS participants input allowed for the identification 
of initial industry barriers which will be further evaluated in D1.2 and D1.3 (Annex 3).  
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1. Introduction 
i. Synopsis of AquaVitae 
Work Package 1 (WP1) is the first of nine work packages that make up the AquaVitae (AV) research 
and innovation project. While the development and innovation processes in the project will generate 
a series of new species, technological processes and products in various aquaculture value chains (and 
these developments will report to WP1, 2 and 3), the AquaVitae project will also evaluate, test and 
have these innovations validated by stakeholders and this validation will be reported in other work 
packages in this project (i.e. WP4 to WP9). 

AquaVitae project commenced in June 2019 and is a new All Atlantic Ocean Research Alliance Flagship 
project (BG-08-2018-2019 [C]) under the EUs’ Horizon 2020 programme. 

Title: AquaVitae “New species, processes and products contributing to increased production and 
improved sustainability in emerging low trophic, and existing low and high trophic aquaculture value 
chains in the Atlantic” 

The AquaVitae consortium consist of 36 full partners from Europe, North America, Brazil and South 
Africa. The overall objective of AquaVitae is to increase aquaculture production in and around the 
Atlantic Ocean in a sustainable way by developing new and emerging low trophic species and by 
optimising production in existing aquaculture value chains. The value chains that AquaVitae will focus 
on include macroalgae production, Integrated Multi-trophic Aquaculture (IMTA), and production of 
new echinoderm species as well as existing shellfish and finfish species. A series of cross-cutting Work 
Packages (WPs) will include research on biosensors, Internet of Things (IoT), product characteristics, 
consumer attitudes, market potential, sustainability, environmental monitoring, risk assessment, 
analysis of value chains, profitability, and other socioeconomic aspects. 

 

ii. Scope and motivation of D1.1 
The scope of work package one is out lined in the DoA and its embedded tasks and case studies relate 
to the very start of the Low Trophic Species (LTS) value chain. The objectives of WP1 are to develop 
hatchery and seedling production of LTS, specifically: 

• Carry out hatchery/seedling innovation and exploitation activities in the specific CSs linked to 
WP1 

• Coordinate WP1 CSs work with work on the same CSs in WP2 and WP3 
• Identify industry barriers to the optimisation of production of seed for low trophic and 

extractive species 
• Develop robust new and novel hatchery protocols and production processes for new and 

emerging species in each of the five AquaVitae value chains, formulate a Good Practice 
recommendation based on these protocols, and publish this recommendation as a low level, 
voluntary industry standard 

• Optimise and test wild collection methods for native and non-native LTS species 
 

WP1 will identify knowledge gaps and overcome industry barriers to increase the sustainable 
production of extractive LTS seed and will also develop advanced hatchery methodologies and culture 
techniques for new and emerging species (Annex 3).  
WP1 will also provide the framework for realising the maximum production potential of new and 
emerging hatchery species for IMTA integration and on-growing. The starting point of the framework 
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development is the initial stakeholder feedback. This feedback is used by WP1 to get a measure of the 
tasks contained in WP1 and to:  

i) Assess the industry relevance of the tasks 
ii) That the outputs are aimed at resolving industry barriers 

 

2. Scope of WP1 
The AquaVitae project follows the value chain of production, processes and products related to LTS in 
the Atlantic region. AquaVitae has three linked innovation WPs (WP1, WP2 & WP3) which are broken 
down into specific case studies (CS) which cover the full value chain. The case studies that form the 
juvenile/seedling portion of the value chain specifically linked to WP1 including their lead organisation 
are: 

• CS1: Macroalgae, new species production (CIIMAR) 
• CS3: Land-based IMTA (FCPCT) 
• CS7: Sea cucumber species, site selection and key hatchery steps (AWI) 
• CS8: Improving seed availability and grow-out of native and non-native oysters (IVL) 
• CS9: Offshore production of blue mussels (DTU) 
• CS10: Optimisation of freshwater fish production in Brazil (EmBraPa) 
• CS11: Marine fish farming (FURG) 

 

The seven CS underpinning WP1 have outlined specific hatchery or juvenile/seedling production 
processes/protocols which will be implemented at an industry level and scale. Hatchery production 
outputs also include the advancement of commercial species production and the development of 
protocols for new and emerging LTS. Surveyed participants outlined that outputs from WP1, once 
completed, need rapid conversion from innovation to practice which will increase the impact of WP1 
outputs on an industry scale. Linking stakeholder feedback with the prototyping loops of AquaVitae 
will allow WP1 participants to monitor and assess the ongoing impacts of the outputs. WP1 is primarily 
concerned with the initial production of seedlings and juveniles as it is the beginning of the value chain 
of production and the outputs are not directly linked with an end user. The outputs of WP1 are linked 
with WP2 and WP3 as production from WP1 is then on-grown and integrated in WP2 and utilised in 
WP3. 

 

Table 1. Organisation's profile (* indicates a group that will be targeted in subsequent surveys) 

Industry Policy maker NGO Others 

18 2 (State agencies) 0* 1 (Research) 

3. Plans and methodology 
The innovative and technical outputs from WP1 and its seven embedded CS need timely and accurate 
reporting of deliverables and outputs. Advancements and innovation in hatchery and production 
protocols must be disseminated and implemented for rapid transfer to practice as requested by 
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surveyed stakeholders. In order to carry out this recommendation and outputs, CS leaders are required 
to: 

i) Maintain accurate and up to date agreed work plan versions 
ii) Timely reporting of completed tasks and sub tasks  
iii) Timely reporting of advancements in LTS hatchery protocols  

To comply with the Plans and Methodology section, WP1-3 leaders have developed a CS report 
template (Annex 2) that will be sent out to each CS leader to be completed at 6-monthly intervals. By 
this mean both WP leaders as well as CS leaders are in possession of the information needed to: supply 
the relevant industry with the case study developments. The document will also be used to keep track 
on the stakeholders involved and detail their interest and comments towards the potential 
applications resulting from each CS (Section text D3.1). 

WP1 outputs will be presented to the relevant industries (their parameters, production systems and 
methodologies) in order to:  

a. Get the industry’s perspective on the developments and tailor the production 
system/methodology to the industry’s requirements 

b. Identify implementation of culture advancements  
c. Identify the production process that is industry ready 

In WP1-3, leaders prepared a questionnaire to understand the industry perspective. It contains general 
questions on the position of the interviewed stakeholder and its view on the industry and legislative 
barriers reducing production. In order to avoid stakeholder fatigue the leaders of WP1-3 decided to 
use one common questionnaire for the stakeholder interview. As the project progresses WP specific 
questionnaires will be elaborated and directly linked to tasks, advancements and outputs. The process 
of gathering stakeholder feedback has already commenced and a stakeholder road map has been 
developed by WP9 with this task in mind. All CS leader were asked to test the questionnaire with well-
known stakeholders. This feedback will be analysed jointly by leaders of WP1-3 and the questionnaire 
modified accordingly. An updated questionnaire is expected by M6 (November 2019). Once it becomes 
available all case study leaders will be asked to collect 5-10 interviews by the end of M9 (Section text 
D3.1).  

Following the spiral model of innovation methodology (Figure 1) more rounds of interviews will be 
conducted by the CS leaders by M13 (1st CS event), by M24, by M36 (2nd CS event) and by project end. 
Depending on the progress of the specific cases the dates may vary slightly (by +/-2M).  
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Figure 1. Development process for AV outputs, based on 2 prototyping loops 

After each round of interviews CS and WP leaders will analyse the interviews and define the required 
actions/changes in the CS specific work plan to fulfil the needs of the industry. Based on this analysis 
and the case study reports the WP1 leader will identify the protocols/process for rapid transfer from 
innovation to practice. Here relevance to the industry, production cost, viability, TRL etc. will be 
integrated into good practice recommendation for LTS hatchery production (D1.6 & D1.7) 

The specific timelines and deliverables in WP1 are outlined in the DoA and begin with D1.1 Initial 
stakeholder feedback related to CS work (M05). Month-12 is the conclusion of the first prototyping 
loop with D1.2 Report on first development phase for hatchery/seedling production in case studies, 
including requirement specification. At this stage, relevant stakeholders will be asked again to evaluate 
the CS outputs which will be incorporated into:  

• D1.3: Evaluation of LTS production barriers (M18). The second phase of development for 
hatchery and seedling production including user acceptance feedback will be assessed at M30 
with D1.4. 

• D1.5: Wild shellfish seed collection protocols (M36), stakeholders have been surveyed as part 
of D1.1. Their expectations will be mapped for the duration of this task and implementation.   

 
The completion of the second prototyping loop culminates with the submission of deliverable D1.6. 
The final task and output from WP1 is D1.7: Good Practice recommendation for LTS hatchery 
production (M46) is the final stakeholder survey for WP1 for this task, the expectations of stakeholder 
from the previous completed tasks will be analysed, collated and will be used a measure of the 
industry’s acceptance or recommendations based on the outputs of WP1.   

4. Initial stakeholder feedback  
In total the CS leader have interviewed 21 stakeholders (Eight external & 13 AquaVitae project 
partners: IRG or linked stakeholders). The profile of these organisations is outlined in Table 2.  

As the transcribed stakeholder interviews contain personal data, the results will be stored on the 
restricted internal SharePoint server. This will have restricted access to WP1, 2 & 3 leaders and the 
project coordinator. Based on the interviews and the notes that each interviewer was asked to take 
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the questionnaire will be refined. The relevant stakeholder data will be anonymised and used for the 
co-development of specific tasks from WP1, 2 & 3.  

Table 2. Overview of the CS outputs for the WP1 tasks outlined in the detailed CS work plans. Table 1, also details species and 
geographical locations of tasks. Initial stakeholder feedback on the outputs and their industry relevance are detailed also.  
 

CS Number Species Location Output Resp. 
Partner 

Stakeholder Survey 
relevance feedback   

CS1: 
Macroalgae, 
new species 
production 

Codium 
tomentosum  
& Ulva Spp. 

Portugal & 
Brazil 

Hatchery 
protocols for 
new species 

CIIMAR New marcoalgae species for 
production, board product 
range for industry 
development 

CS3 Land-
based IMTA  

Abalone France, Gran 
Canaria & 
South Africa 

Hatchery and 
settlement 
protocols  

FCPCT Relevant in commercial 
producing countries 

CS7: Sea 
cucumber 
species, site 
selection and 
key hatchery 
steps  

New Species Europe & 
South Africa 

Hatchery 
protocols for 
new species 

AWI Industry development 
required, hatchery 
bottlenecks need to be 
resolved 

CS8: Improving 
seed 
availability 
and grow-out 
of native and 
non-native 
oysters  

O. edulis & C. 
gasgar 

Europe, 
Brazil & 
North 
America 

Hatchery 
protocols & 
knowledge/ 

technology 
transfer. Wild 
spat collection 
protocols 

IVL Important to the European 
industry to resolve barriers 
in native oyster production 
and wild spat collection.  

CS9: Offshore 
production of 
blue mussels  
 

M. edulis Europe 
(Denmark, 
Ireland & 
Sweden) 

Hatchery 
protocols for 
blue mussel 
cultivation 

DTU Important to industry 
participant who over rely on 
wild spat collection at sea 

CS10: 
Optimisation 
of freshwater 
fish 
production in 
Brazil  

A. gigas & C. 
macropomum  

 

Brazil Hatchery and 
triploid 
production 
protocols 

EmBraPa Sustainable aquatic 
resource use insuring best 
practices reducing 
environmental impacts. 
Development of out of 
season juveniles production,  

CS11: Marine 
fish farming  
 

Paralichthys 
orbignyanus  

 

Brazil protocol for 
larviculture of 
Brazilian 
flounder in 
RAS  

 

FURG Better developed diets for 
juvenile fish, reduce the 
environmental impacts by 
reducing effluent risks 
including pathogen transfer 
and reduced energy 
consumption   

4. Planning for D1.3 
Initial stakeholder and CS participant feedback from the surveys carried out aided the overall initial 
identification of industry barriers as part of this deliverable and contained in the workplans developed 
at M4 and outlined in Annex 3 of this deliverable. Further identification of industry barriers and the 
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solutions to these bottlenecks will be further developed by M18 for the submission of D1.3 Evaluation 
of LTS production barriers. D1.3 will be developed in conjunction with CS leaders and participants. The 
detailed work plans submitted as part of D1.1 outline the key tasks which include industry barriers 
currently faced by hatchery producers across the Atlantic and the CS workplans aim to overcome each 
of the technical challenges.   

5. Conclusion 
During the first five month of the project the leaders of WP1-3 have worked together to prepare the 
methodology for scoping the case studies. A first set of products coming from the case studies was 
extracted from CS specific work plans prepared by all CS leaders (prepared in M4). A common template 
for regular, comprehensive case study reports and a common questionnaire to gather stakeholder 
feedback with regards to the products arising from the case studies have been developed. Both have 
been tested by the CS leaders. The timeline for the use of these two tools (template and questionnaire) 
to develop and test new products from the aquaculture value chains were set (Section text D3.1).  

Another output and included in this deliverable are the detailed CS work plans (CS1-CS13) which 
contain the relevant timelines, technical detail, research plans and key exploitable results and how 
they contribute to the overall aims and outputs of the three innovation WPs (WP1-3) and the AV 
project.  
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Annex 1 
 

WP1, 2 and 3 stakeholder feedback initial template 

 

  
 

Interview details to be completed by the interviewer (or CS leader) ahead of the interview: 

1.  Interview date:  
2.  Interviewer:  
3.  Interview form (telephone, e-mail, face to face, 

survey, etc.): 
 

4.  Respondent/stakeholder name:   
5.  Respondent/stakeholder e-mail:  
6.  Respondent/stakeholder company/organization:  
7.  Company/organization address (including 

COUNTRY): 
 

8.  Company/organization website:  
 

Related outcome of the task/s of interest to the stakeholder to be completed by the interviewer 
(or CS leader) ahead of the interview: 

9.  Task number/s applicable to this stakeholder:  
10.  Task description/s applicable to this stakeholder:   
11.  Briefly describe the outcome of your case study 

research (i.e. prototype/process/procedure) that 
might impact this stakeholder (confront the 
stakeholder with this exact description at the 
beginning of your interview):  

 

12.  To which work packages (WP1/2/3) are the data 
captured in this form likely to be applicable: 

  

13.  To which case study/ies (CS1 to CS13) are the 
data captured in this form likely to be applicable: 

 

 

 

 

 

Questions relating to the respondent to be completed by the stakeholder (i.e. the respondent) 

14.  What is your role in the 
company/organization (title)? 
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15.  Number of years in the company?  
16.  What is your experience within the 

industry? 
 

 

Questions relating to the company/organization the respondent represents 

17.  What is your institution’s main area of 
business? 

 

18.  What is the size of your company 
(number of people, SME?, profitability, 
harvest units, etc.)? 

 

19.  Where are you located?   
20.  Does location matter for your 

products? 
 

21.  If applicable, who are your 
competitors?  

 

22.  What are your main strengths / 
weaknesses?  

 

23.  What is the market position for your 
product or production? 

 

 

Questions relating to new products for and from sustainable aquaculture 

24.  What are your priorities for new 
products from sustainable 
aquaculture? 

 

25.  What are the decisive factors for you/ 
your company in deciding to test new 
products for production or for sale? 

 

26.  What are the main sustainability 
challenges facing your company? 

 

27.  What are the biggest hurdles you are 
faced with in your sector? 

 

28.  Do you follow international best 
practice/methods of production? 

 

 

Questions relating to the production process/new product(s) of interest to the stakeholder 

29.  In what way will this research and its 
outcomes be applicable to or be 
implemented by your 
company/institution? 

 

On a scale of 1-10 (1 = zero impact; 10 = overwhelming impact), what is the potential impact of 
this research and innovation on your institution, in terms of:  
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30.   … product volume?   
31.   … financial return?  
32.   … future growth?  
33.   … competitive edge?  
34.   … anything else (stipulate):  
35.  State if this research and innovation 

addresses key factors / challenges / 
areas for improvement in your 
production/product(s)? 

 

36.  How could the nature of this research 
and innovation be adjusted to 
improve the impact that it/they might 
have on your company?  

 

 

Questions related specifically to low trophic species 

37.  What are the main legislations issue 
with Low Trophic Species seed 
production? 

 

38.  What are the main Low Trophic 
Species production barriers? 

 

39.  How are these barriers affecting your 
company/institute? 

 

40.  What impact will the overcoming of 
industry and legislation barriers have 
on your company/institution? 
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Annex 2 
 

AquaVitae Case Study Report Form 
 
 

File Name:                                               WP1-3_CSX_Report_vY 

Revision number:                                   01 

Document status:                                  Draft4 

Dissemination Level:                             CO 5 

 

Information for Partners 
This is a Case study update form. It is designed to help you pass on your progress to WPs 1 – 3 in 
AquaVitae. The WP leaders, Colin Hannon (WP1), Cliff Jones (WP2) and Björn Suckow (WP3) will pass 
information from this, as WP reports, to the project coordinators.  

 

Products coming of the CS 

Part of Value Chain X – (Number and title of value chain) 

Case Study (Number and title of Case study) objectives include: 

• … 
• … e.t.c 

The following products have been identified to result from this CS: 

# CS CS 
Acronym 

Product Type Application Resp. 
partner 

       

 

Currently the TRL situation of the products is as follows: 

# Product Start TRL Current 
TRL 

TRL 
expected 
by M13 

TRL 
expected 
by M36 

TRL 
expected 
by M48 
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The following amount/number/etc. can be provided by: 

# Product Currently 
available 

Available 
by M13 

Available 
by M36 

Comment 

      

 

Product specifications (Use as many product specification sheets as required): 

# CS CS 
Acronym 

Product Type Application Resp. 
partner 

       

Specification 

PLEASE ADD HERE A RELEVANT PRODUCT SPECIFICATION OF APPROX. ¼ to ½ pages each 

 

Stakeholder feedback 

The following stakeholders were interviewed by DATE: 

Name Contacted Interested 
in # 

Comment 

by date date date 
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Introduction 
The macroalgae species investigated in CS1 are valuable biomass and food resources. Aquaculture has the 
potential to allow the sustainable production/exploitation of this resources while ensuring the provision of 
biomass of reliable, traceable, and predictable quality. The establishment of optimized hatchery and 
cultivation methods for the production of macroalgae seedlings is a key element for successful development 
of the production of a new crop. Currently, these are produced through vegetative propagation by 
fragmentation, which limits the genetic diversity of the biobank, and the development of efficient procedures 
for seeding in substrates. ALGAplus grows Codium tomentosum, and Ulva rigida in quantities below 1-tonne 
and 30-tonnes (fresh weight), respectively, using a land-based tank system, where the biomass is kept in 
tumble culture. The establishment of alternative optimised propagation protocols (vegetative and sexual 
propagation) have the potential to improve the genetic diversity the biobank, allow year-round production, 
and the cultivation in seeded materials (e.g. cultivation lines), thus diversifying the potential cultivation areas, 
and overall production capacity. 

Objectives 
The main objective of CS1 is to develop new hatchery and cultivation protocols to boost the commercial 
production of “new” macroalgae species in Portugal and Brazil. 

Specific objectives are: 

• Develop and establish new reproduction/hatchery protocols for seedling production of C. tomentosum, 
Ulva ohnoi, and U. rigida. 

• Develop and establish new methods for cultivation of C. tomentosum and U. rigida in seeded substrates 
in currently underutilised low-cost, low-tech earthen ponds at ALGAplus facility (Portugal). 

• Evaluate the nutritional profile of the produced biomass according to the EU-labelling requirements for 
foods. 

Description of work 
Hatchery and cultivation protocols for “new” emerging species of macroalgae will be developed and 
established in Portugal and Brazil. In Portugal sexual reproduction methods, and seeding procedures in 
substrates, will be investigated for C. tomentosum by CIIMAR and ALGAplus. In Brazil vegetative and sexual 
propagation of the local U. ohnoi will be investigated at UFSC. The protocols developed in Brazil will be 
applied and tested by ALGAplus for the local U. rigida in Portugal. ALGAplus will further develop and upscale 
the seedling production, and cultivation of C. tomentosum and U. rigida in seeded substrates in earthen 
ponds at their commercial facility. Both seeded lines of C. tomentosum and U. rigida will be cultivated at 
ALGAplus´ earthen ponds, and their development, productivity, and composition will be monitored. The 
nutritional profile of the macroalgae cultivated will be evaluated, including all the mandatory compounds 
required for the EU labelling for foodstuffs. 
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CS Task 1.1: Reproduction of Codium tomentosum (CIIMAR) 

This task will be carried out by CIIMAR from M8 to M30 (see Gantt chart). Initial C. tomentosum seedlings 
will be obtained from wild biomass from the Northern Portuguese cost:  Aguçadoura (Póvoa de Varzim) and 
Viana do Castelo. Biomass will be collected at different seasons and the reproductive status accessed. 

The objective will be to close the reproduction cycle (Figure 1.1.a). For that, several cultivation conditions 
will be essayed at CIIMAR´s facility using as basis a literature review and the accumulated work experience 
with this species (in vegetative propagation) of the teams involved. 

Multifactorial experiments will be carried out testing the influence of: a) Season, b) Origin of biomass, and c) 
Culture conditions such as light quality and intensity, nutrient regime, and water motion/aeration on the 
production parameters: 1) reproductive status, 2) gamete liberation and attachment, 3) fertilization success, 
and 4) development of filamentous germlings, and seedlings. 

The reproductive status, and production parameters will be evaluated through microscopic observation, 
image record and processing. 

 
Figure 1.1.a: Graphical abstract for CS Task 1.1. 

CS Task 1.2: Optimisation of seedling methods for C. tomentosum (AlgaPlus, CIIMAR) 

This task will be carried out at ALGAplus with the support of CIIMAR’s research fellow from M13 to M30 (see 
Gantt chart). 

ALGAplus grows Codium tomentosum, in quantities below 1-tonne (fw), using a land-based tank system, 
where the biomass is kept in tumble culture. Internal and confidential procedures have been developed to 
prepare the biomass for seedling in artificial substrates (Figure 1.2.a). 

The objective will be to grow-out the seeded material in the earthen ponds of ALGAplus, upscaling the 
production of this species. 

Experiments will be done to test those procedures in two types of substrates, by different seeding methods. 
The influence of factors as: a) season b) seedling density c) substrate type on biomass yield will be tested.  



Case Study 1 – Work Plan 
Macroalgae, new species production 

 29 

The reproductive status, and production parameters will be evaluated through macroscopic and microscopic 
observation, image record and processing. Monitoring in the earthen-ponds will be done on temperature, 
irradiance, water turbidity, salinity and pH. 

During the first 12-months of work three trials will be performed, testing two different types of seeding 
method, submersion and aspersion, in two types of substrates, biodegradable stripes and kuralon lines. 

 

Figure 1.2.a: Graphical abstract for CS Task 1.2. 

CS Task 1.3: Protocols of Ulva Spp. cultivation in Brazil (UFSC, AlgaPLUS) 

This task will be carried out at UFSC from M8 to M34 (see Gantt chart). Ulva ohnoi will be harvest 
sedimentation tanks of Marine Mollusks Laboratory (UFSC). Biomass will be collected experiments with 
spores, gametes and vegetative propagules will be carry out. 

The objectives will be to develop two protocols for Ulva cultivation in Brazil, based on vegetative propagation 
and spores production (Figure 1.3.a). For that, several cultivation conditions will be essayed at UFSC´s facility 
using as basis a literature review and the accumulated work experience in seaweed cultivation of the team 
involved. 

Initial Ulva Spp. will be obtained from wild biomass, naturally occurring in ponds of Marine Station Barra da 
Lagoa, UFSC. The objective will be establishing a protocol to cultivate Ulva Spp. in Southern Brazil. 

Experimental trials will involve determination of best conditions for: a) Vegetative propagation and b) Spore 
and gametic production and sexual reproduction.  

Multifactorial experiments will be carried out testing the influence of a) nutrients b) temperature and c) 
mechanical rupture, with the aim to improve the productivity (propagules, spores or zygotes). 

All experiments will be made at laboratory scale, and after they will be optimized in small tanks. 
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Figure 1.3.a: Graphical abstract for CS Task 1.3. 

CS Task 1.4: Testing the protocol for Ulva cultivation at commercial scales (AlgaPLUS, UFSC)  

This task will be carried out at ALGAplus with the support of UFSC from M25 to M42 (see Gantt chart). 

ALGAplus will test the Brazilian protocols for sexual reproduction developed in T1.3 with Ulva rigida 
cultivated in Portugal. 

Experiments will be done to test the spore and gametic production. The seeded material will be placed for 
grow-out in the earthen ponds of ALGAplus (Figure 1.4.a). Experiments will test the influence of factors as: 
a) season b) seedling density c) substrate type on biomass yield. Monitoring in the earthen-ponds will be 
done on temperature, irradiance, water turbidity, salinity and pH. 

 

Figure 1.4.a: Graphical abstract for CS Task 1.4. 
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CS Task 1.5: Biomass characterization (CIIMAR, AlgaPlus, UFSC) 

Codium tomentosum is a species used in food and cosmetics. Biomass from the trials of the previous CSTs 
with higher yields will be analysed by CIIMAR from M31 to M45 (see Gantt chart) in terms of their nutritional 
profile (according to EU label directives; Figure 1.5.a), including: 

-Mandatory elements (energy, total fat, saturates and poly-unsaturated, carbohydras, sugars, protein, salt). 

-Possibly some voluntary elements such as Iodine, magnesium, iron, potassium, selenium. 

The feasibility and relevance of analysing non-mandatory/voluntary nutrients will be discussed by CIIMAR 
with the AlgaPlus, UFSC and stakeholders from CS1. 

 
Figure 1.5.a: Graphical abstract for CS Task 1.5. 
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General CS Tasks

Workplan description

CS Task 2.1 Find suitable sites for upscaled production in open ocean environments in the Faroe Islands with opportunities for higher yield, and organic certified cultivation
Establish criteria 

Compile a GIS map 

Report describing parameters and map 

CS Task 2.2 Test and demonstrate large-scale re-use of fish equipment in macroalgal cultivation
Find/buy relevant used equipment 

Deploy 70,000 m seeded line

Growth/economic evaluation (report)

CS Task 2.3 Improve logistics to ensure low-cost handling and high-quality storage stable macroalgal biomass
Testing of seeding machine 

Testing mechanical harvesting 

Planning of transport, landing, processing

Test new logistic system 

Report on optimised logistics 

CS Task 2.4 Utilise macroalgae to improve and optimise feeding strategies for low trophic species
Supply seaweed powder  details 

Diet formulation carried out in CS13

Growth trial

Data analysis/assessment

CS Task 2.5 Select commercial interesting local macroalgal species for cultivation for each region and optimise design of cultivation rig based on the principles of the MacroAlgal Cultivation Rig
Review native species

Investigate market possibilities 

Develop relevant cultivation system

Report as input to site selection

CS Task 2.6 Find suitable sites for large scale production (>500 ha) in open ocean environments in the Atlantic Ocean
Establish criteria for site selection 

Compile a GIS map 

Report describing outcome 

CS Task 2.7 Make a feasibility study and a knowledge transfer plan for at least one industrial partner outside Europe, optimal North America 
Report and plan for knowledge transfer 
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Introduction 
The global macroalgal market was €5 billion in 2014 and it is expected to double by 2024 [1]. Currently, Asia 
is accounting for more than 99% of the production mainly from cultivated macroalgae, grown in shallow 
seawaters (water column <30 m). Shallow water cultivation is facing spatial and environmental problems, 
and new cultivation methods further offshore are highly relevant to meet the market requirement.  
The AquaVitae industry partner, Ocean Rainforest, has developed a MacroAlgal Cultivation Rig (MACR) 
suitable for offshore environments. This environment has previously been a major challenge for macroalgal 
commercialization in the Western world [2]. With the offshore cultivation structure, another ground-
breaking investigation was made namely the use of multiple partial harvesting of kelps. In the Faroe Islands, 
it was proved that some kelp species can be partially harvested up to 6 times without re-seeding of lines. 
This discovery has allowed the highest known harvesting yield per meter of growth line and has the potential 
to reduce the production cost by 75% [2]. 
Cultivated seaweed is one of the largest un-exploited global resources for the sustainable production of food, 
feed additives, industrial commodities, and petrochemical substitutes. Open sea-based cultivation of 
seaweed has huge potential. However, at present, there are challenges relating to expanding its cultivation. 

The algae beds and forests have important functions in the marine ecosystem; cultivated seaweed plots 
rapidly promote biodiversity, including many fish species. Unlike other seafood or livestock farming, seaweed 
does not rely on feed or fertilizer for growth – all the ingredients needed to sustain algae are in abundant 
free-supply in the ocean.  

The average net primary production (NPP) of algae measured as g/m2/year is higher than NPP in the tropical 
rainforest, and an area of seaweed can yield up to six times more biomass compared to corn, rice, soy, and 
wheat growing on the land. To increase the Earth’s NPP, we need to transfer the highly efficient NPP from 
algae beds to the large surface of the open ocean. This can be done with open ocean seaweed cultivation. 

A reduced production cost and the development of new industrial intermediate products (such as food, feed, 
fertilizer, crude protein, and fossil-based alternatives) will make fast upscaling possible. Also, economies of 
scale will reduce the cost of operation. 

Macroalgal biomass is rich in vitamins, minerals, protein (with a high EAA Score), omega-3 fatty acids, and 
antioxidants [1], giving it a superfood status and making it an important natural ingredient in consumer 
products, feed, cosmetics, and pharmaceutical products. Moreover, and the biomass contains high amounts 
of carbohydrates that can be extracted to replace fossil-based products as bioplastics by using polymers to 
produce biodegradable packing material.  

Brown macroalgae are meant to be an important resource to improve and optimise feeding strategies for 
other low trophic species (e.g., abalone spp.). Testing the diet strategy based on macroalgae for European 
and South African abalone is an important step in the process of producing affordable and consumer-
acceptable final marine products. The development of new methods to ensure that the inclusion of 
macroalgae in the diet strategies does not compromise the biosecurity in aquaculture production is equally 
important.  

Objectives 
The main objective is to establish and prove large-scale offshore sustainable macroalgal production in the 
Faroe Islands and to test the feasibility of cross-Atlantic knowledge transfer for future upscaling. As well as 
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developing the market and new seaweed products by implementing macroalgae in the feed for low tropic 
species (mainly abalone). 

Specific objectives are: 

• To develop improved offshore macroalgal production methods that at the same time will improve 
the ocean health and reduce the cost of production by 50% or more.  

• To upscale the offshore macroalgal production in the Faroe Islands (>300 tonnes (FW)/year).  
• To test alternative protein sources in a biosecure way for the South African abalone, including kelp 

from Ocean Rainforest as an alternative dietary ingredient. 
• To make a feasibility study of offshore macroalgal production in new sites of the Atlantic Ocean with 

relevant development of cultivation method, rig, and selection of best suited native kelp species for 
offshore cultivation. 

Description of work 
This case study will establish and prove large-scale offshore sustainable macroalgal cultivation in the Faroe 
Islands by using optimised logistics, re-use of aquaculture equipment, and site selection, to reduce the cost 
of production for the brown macroalgae Saccharina latissima. We will test and develop alternative protein 
sources for the South African abalone by including S. latissima in the feed as an alternative dietary ingredient.  
Finally, through review and desk work we will select commercial interesting local macroalgal species for 
cultivation for a case study region and optimise the design of the cultivation rig based on the principles of 
the MacroAlgal Cultivation Rig and come up with a feasibility analysis of offshore macroalgal cultivation in 
that chosen area. 

CS Task 2.1: Find suitable sites for upscaled production in open ocean environments in the 

Faroe Islands with opportunities for higher yield, and organic certified cultivation (FISK, ORF) 

This task is led by Fiskaaling (FISK) who will be responsible for the GIS mapping and site selection. Ocean 
Rainforest (ORF) is partner and will provide data input on seaweed production and the cultivation rig details. 
The work is related mainly to Work Package 2 (Post hatchery/seedling to harvest processes). From June to 
August 2019 we will establish criteria for site selection in the Faroe Islands. In the following three months we 
will conduct a GIS map with all relevant parameters using input data on current, wave height etc. that is 
needed to describe conditions in the Faroese Ocean. Finally, from December to February 2020, we will make 
a report describing selected parameters and map outcomes aiming at relevant stakeholders (fish aquaculture 
and Government). The expected output is a confidential report with detailed maps of suitable cultivation 
sites in the Faroe Islands. 

CS Task 2.2: Test and demonstrate large-scale re-use of fish equipment in macroalgal 

cultivation (ORF, FISK) 

This task is led by Ocean Rainforest who will be responsible for testing the equipment. Fiskaaling is partner. 
The work is related mainly to Work Package 2 (Post hatchery/seedling to harvest processes). The task will 
start in June 2019 and finalise in August 2020. The first sub-task is to identify relevant used equipment and 
find/buy these (anchors, chains, fix-line, large buoys, small buys, and growth lines) and bring them to the 
harbour nearest cultivation site. From October until January 2020, we will deploy 70,000m of seeded lines 
on 14 rigs with approximately 5% re-used material. From February until May, we will monitor growth 
performance and logistics related to re-used material. Finally, we will evaluate the yield related to the re-use 



Case Study 2 – Work Plan 
Sustainable Offshore Macroalgal Cultivation 

 37 

of aquaculture equipment and make an economic evaluation of the cost-reduction vs. risks. The expected 
output is a confidential report with detailed information on the benefits/risks/challenges of re-using 
aquaculture equipment as a circular approach.  

CS Task 2.3: Improve logistics to ensure low-cost handling and high-quality storage stable 

macroalgal biomass (ORF) 

This task is led by Ocean Rainforest who will be responsible for the development and testing of new logistic 
methods. The work is related to Work Package 1, 2, and 3. The task will start in September 2019 and finalise 
in November 2021. In this work, we will improve logistics (seeding, harvest, landing) to ensure low-cost 
handling and high-quality storage stable macroalgal biomass. The first sub-task is to test a seeding machine 
developed by IHC/Hortimare from November-December 2019 and the second prototype in November-
December 2020. In September-November 2019 and again May-September 2020, we will test mechanical 
harvesting with a first and second prototype machine as sub-task number two. The third sub-task is planned 
for November 2019-October 2020, where we will plan for a better and optimised transportation, landing, 
and processing system e.g. using the hold as a storage tank for seaweed and seaweed and pumping to land 
material. The test of the new logistic systems is planned for May-September 2021, and the final sub-task is a 
confidential report on optimised logistics with the work planned for October and November 2021. The 
expected output is a confidential report describing the optimised logistics and its implemented in the daily 
operation. 

CS Task 2.4: Utilise macroalgae to improve and optimise feeding strategies for low trophic 

species (RU, MariFeed, ORF)  

This task is led by Rhodes University (RhU) who will be responsible for developing alternative protein sources 
for the South African abalone by including kelp as an alternative dietary ingredient. This work will be done in 
close collaboration with the industry partner MariFeed (MFeed). The kelp biomass will be supplied by Ocean 
Rainforest, but also by others (overlapping with other case studies). Note that algae produced in sea-based 
IMTA (CS4) and land-based IMTA (CS3) and sea harvested kelp (here in CS2) will be included in the abalone 
diets; but the formulation of these diets and their manufacture and development will be reported in CS13 
(and not here or in CS3 or CS4). The work is related to Work Package 3 (New or improved products). The task 
will start in July 2021 and finalise in June 2022. At first ORF will supply the necessary biomass of biosecure 
S. latissima from to MFeed. Then, RhU and MFeed will conduct a feeding experiment comparing growth and 
feed conversion of South African abalone fed the following diets: 1) Basal diet (Control) (note that this 
treatment is shared with other tasks in CS3 and CS4 to save costs), 2) Basal diet supplemented with kelp 
powder supplied from Ocean Rainforest (CS2) included in the pellet. The basal diets will be isonitrogenous 
and the total lipids and energy of the diets will remain within a range know not to influence abalone growth. 
In the third sub-task, growth will be monitored September 2021 – April 2022. The two treatments will be 
assigned to baskets in the tanks on an abalone farm using a randomised-block design (each treatment will 
be represented at least once in each tank) to ensure standardised conditions, and each treatment will be 
allocated to at least three baskets of abalone (the abalone basket will be considered the unit of replication). 
The formulated feed for each treatment will be stored in buckets and the mass of feed that is fed to each 
replicate will be recorded, and feed conversion ratio (FCR) calculated: FCR = dry feed (kg)/wet weight gain 
(kg). Feeding will be carried out by Mfeed using standard farm feeding procedures. The tanks will also be 
subject to standard farm production/husbandry procedure. This will be standardised among the treatments 
(Note: this excludes feeding methods). The flow rate of water into each tank will be set regularly to ensure 
that this is standardized among treatments. Water quality measurements such as temperature (oC), oxygen 
concentration (mg/L), pH, ammonia (mg/L), nitrite (mg/L) and nitrate (mg/L) will be taken at regular intervals 
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throughout the trial. At the usual split interval of roughly 4 - 6 months, the density of abalone in the baskets 
will be reduced, without grading, and the animals will be put back into their respective treatments at the 
required stocking density. When a basket (replicate) comes into the split station its total biomass as well as 
the average weight of a sample of animals will be recorded. This will be used to determine the new basket 
biomass according to the farm stocking-density tables (standard farm practice). The required biomass will be 
placed back into the replicate basket and the basket re-tagged. The new basket will be returned to its 
replicate and feed treatment. That is, basket biomass before the split will be recorded (i.e. biomass at the 
end of the growth period); and it will be recorded again after the split (i.e. the starting biomass of the 
subsequent growth period).The difference in biomass per basket and average weight per basket will be used 
to calculate metrics of growth-rate and biomass production. The amount of feed fed per treatment will be 
divided by the total biomass gain per treatment to determine the average FCR per treatment. If a diet is 
replaced mid experiment, all diets will be re-manufactured using the new dietary ingredients. 

Finally, from May to June 2022, we will make a data assessment. The abalone biomass (kg basket-1 and g 
abalone-1) for each treatment will be compared, to ensure that there are no significant differences between 
treatments at the start of the trial (p<0.05). Each basket will then be tagged indicating that it is part of an 
experiment, which replicate it belongs to, and the feeding strategy to which it will be subjected to. 

Expected output of this task will be new kelp containing diets for abalone and an improved feeding strategy 
for high quality food products.  

CS Task 2.5: Select commercial interesting local macroalgal species for cultivation for each 

region and optimise the design of cultivation rig based on the principles of the MacroAlgal 

Cultivation Rig (ORF, UNE) 

This task is led by ORF who will be responsible for investigating the cultivation and marketing possibilities for 
kelp species in the Atlantic Ocean. The University of New England (UNE) and SYN will be partner in this task 
for feedback and sparring. The work is related to Work Package 2 (Post hatchery/seedling to harvest 
processes). The task will start in November 2021 until August 2022. By a review of scientific papers, we will 
select commercial interesting local macroalgal species for cultivation for each target region and optimise the 
design of rig-based cultivation on the principles of the MacroAlgal Cultivation Rig (MACR). We aim for 
industrial stakeholder partners in the chosen target area. First sub-task runs from November 2021 until 
January 2022 and here we review native species. In February till April 2022 in the second sub-task, we will 
investigate market possibilities of the chosen species. From May till July 2022, we will determine relevant 
cultivation systems, harvesting and landing logistics, and finally in August 2022, we will make a report with 
input to the next task “find suitable sites”. The expected output is a confidential report providing a clear view 
of relevant species- and site-specific methods to cultivate macroalgae offshore in new areas of the Atlantic 
Ocean. 

CS Task 2.6: Find suitable sites for large scale production (>500 ha) in open ocean 

environments in the Atlantic Ocean (FISK, ORF, UNE)  

This task is led by Fiskaaling who will be responsible for the GIS mapping and site selection. Ocean Rainforest 
and University of New England are partners and will provide sparring. This task will get input from task 2.5. 
The work is related mainly to Work Package 2 (Post hatchery/seedling to harvest processes).  
The first sub-task will run from September to November 2021 where we will establish criteria for site 
selection in a case study area of the Atlantic Ocean. In the following five months we will in the second sub-
task conduct a GIS map with all relevant parameters using input data on current, wave height etc. that is 
needed to describe conditions in the target site. Finally, from March to August 202, we will make a report as 
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the third sub-task describing selected parameters and map outcome aiming relevant stakeholders (fish 
aquaculture and Government). Expected output: A confidential report with detailed maps of suitable 
cultivation sites in the Atlantic Ocean with one target area to be selected. 

CS Task 2.7: Make a feasibility study and a knowledge transfer plan for at least one 

industrial partner outside Europe, optimal North America (ORF, SYN) 

This task is led by ORF who will be responsible for overall report and plan for knowledge transfer. SYN is 
partner. This task will get input from task 2.5 and 2.6. The work is related mainly to Work Package 2 (Post 
hatchery/seedling to harvest processes). The duration of this task is from April 2022 until March 2023. We 
will make a feasibility study and a knowledge transfer plan for at least one industrial partner outside Europe, 
optimal North America. A relevant industry partner in North America could be Bigelow 
(https://www.bigelow.org/). Planning will be detailed in a year-2 work plan. The expected output is a 
template for investigating upscaling opportunities in and around the Atlantic Ocean.  
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Introduction 
Although widely researched, commercial IMTA remains in its infancy and has only been tested at research 
and pilot scale and on a limited amount of species. It is acknowledged that integrated multi-trophic 
aquaculture (IMTA) is a concept and not a formula and it cannot be reduced to a short bureaucratic definition, 
because its scope is broad, flexible and ever-evolving (Chopin, 2018). While some might want to categorise 
and limit the definition of IMTA to particular species or trophic levels, or to certain production systems and 
not others, or to predefined distances, for example; this is not what was intended when the concept was first 
developed (Chopin, 2018). This is of special relevance for low trophic species that are produced according to 
methods that differ significantly from the ones in higher trophic levels and include both fed and non-fed 
components for their production. In its use by AquaVitae, the idea that IMTA is a broad concept that 
encompasses an unlimited number of possible interactions and benefits, shall be adopted (Figure 3) and is 
to be considered for concepts adapted to the low trophic species of interest in the project including more 
specifically gastropods, bivalves, echinoderms, microalgae and macroalgae.  

 
• Species X and species Y are from different trophic levels 
• The interaction could include any number of species (indicated by “Species….”) and any number of interactions (additional 

arrows) may be included 
• Arrow direction indicates the interactions 1-5 or more between species X and Y or more, at any level of production 

(tank/system/ecosystem) or connected by effluent streams or any other loop-forward or loop-back mechanism 
• Species X and Y and so on… might be integrated in any of the following ways: 
            1 = dissolved nutrient co-product 
            2 = solid nutrient co-product 

3 = environmental remediation or ecosystem service 
            4 = economic stability:  

o reduced environmental risk  
o improved health/growth/FCR  
o lower costs  
o product diversification  
o improved consumer acceptability 

5 = Improved societal acceptability (process/product) 
… or any other number of ways… 

 

Figure 3: Schematic representation of the cyclical concept: Integrated Multitrophic Aquaculture (IMTA). 

As such, the concept of IMTA has been summarised to include the co-culture of any number of species from 
any different trophic levels that involves any number of the following interactions that take place as a result 
of the integrated production of the organisms (Chopin et. al., 2006) (note that this list is not a definitive list, 
but included here as an example only): 

(1) solid co-products from one species that acts as a nutrient source for another; 
(2) dissolved co-products from one species acts as a nutrient source for another; 
(3) environmental remediation or ecosystem services at: (a) a production-system level; or (b) at an ecosystem 

level; or (c) on global level. In all instances, humans might use or even improve this interaction to their 
advantage and the advantage of the planet; 

(4) economic stability of a production system through: (a) reduced environmental risk; (b) improved stock 
health; (c) improved growth rates; (d) improved food conversion ratios; (e) reduced production costs; (f) 
better utilisation of aquaculture infrastructure or (g) other resources; (h) improved consumer acceptance; 
or through (g) product diversification; and finally 

(5) improved societal acceptability of the product or production system. 
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Furthermore, IMTA includes the integration of species at various levels of production. For example, they may 
be cultured in the same tank or pond in land-based IMTA or in the ocean or lake where the interaction may 
take place at a species-level or an ecosystem-level or even on a global-level, or they may be integrated via 
effluent streams between tanks in a production system or other loop-back or loop-forward mechanisms (e.g. 
harvested and fed fresh to another trophic level or included in a feed). All of these examples facilitate the 
cyclical interactions mentioned above and the broad IMTA concept that was initially intended when it was 
first introduced (Chopin, 2018). 

Considering the variety of species and production models that can be considered in IMTA systems, as 
previous mentioned, CS3 aims at identifying suitable combinations of low trophic species in different 
environments and geographical locations. CS3 aims include developing systems and processes to increase 
and improve production in land-based IMTA systems with special emphasis on low trophic species and 
highlight environmental and economic benefits through increased production and product diversity, 
alongside increased quality, promoting environmental, economic and social sustainability. 

Objectives 
The main objective is to develop systems and processes to increase and improve Land Based Integrated 
Multitrophic Aquaculture (IMTA) production of low trophic species. 

Specific objectives are: 

• To develop new, innovative, land-based production systems and production processes for multi-trophic 
production at different stages of the production cycle; 

• To create proof-of-concept and demonstrate the added value from the integrated production of low 
trophic species and associated environmental sustainability in land-based IMTA systems. 

• To improve resilience of production and strengthen capacity for adaptation to ocean warming and 
coastal acidification. 

Information obtained through these objectives will allow to: 

• Investigate market potential and value chains for new and/or high added value products 
• Demonstrate economic and societal acceptability of the IMTA concept and develop policy incentives 
• Promote collaboration of Academia and Industry as well as knowledge exchange between Europe and 

countries bordering the South Atlantic. 
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Description of work 
Case Study 3 aims at developing systems and processes to increase and improve land based IMTA production 
with special emphasis on low trophic species. The results are expected to answer bottlenecks reported at 
biological level (provision of seedlings/juveniles, production data over various periods of the cycles, 
identification of contributions from species integration), operational level (technology, production 
infrastructure) and market level; all key for the development of Land Based IMTA integrating low trophic 
species. More specifically: 

- CS3 looks forward to develop integrated production processes by establishing reliable hatchery and 
nursery protocols, contributing to improve resilience of theses production stages and increase reliability, 
survival and growth of the early life stages while promoting sustainable practices. Development of these 
processes for hatchery and nursery stage of the production is key as early stages of development have 
been proven to be the ones most critically impacted by environmental and climatic conditions, especially 
for calcifying species of invertebrates. Consequently, there is a need to reduce the variability between 
batches and ensure a reliable production of spats to be further produced in land-based IMTA production 
systems. To facilitate the exchange of technical knowledge between the regions, considering that 
hatchery and nursery production processes vary between the different geographical locations, where 
the experiments will take place, the production techniques will be tested on the different abalone species 
present in the different regions. Through tasks 3.1, 3.2 and 3.3 it is expected to develop consistent and 
homogenized integrated production processes for early stages that could be applied to various 
invertebrate species (LTS species), such as abalone, mussels and sea cucumbers and improve their 
integration in the integrated in land-based IMTA grow out production processes. 

- CS3 looks forward to improve the grow out production process and integrate novel species within the 
existing Land Based IMTA production systems in the different regions. The tasks planned (3.4, 3.5, 3.6 
and 3.7) aim at the development of novel integrated multi trophic (IMTA) systems for low trophic species 
by performing trials to validate species integration options for a selection of species to optimise growth 
rates, environmental mitigation, profitability, compatibility and societal acceptability. Analysis of 
performance during grow out will be performed through the collection of biometric, environmental and 
production data including:  

o growth, ingestion, and conversion rates; 
o nutritional analysis of feed and outcome roles and mitigation potential of the integrated species  
o environmental and biochemical analysis of the different components in the systems  
o environmental and biochemical analysis for nutrient flux/budget analysis  

Specific objectives, planned to be performed in the CS, are designed to convey technical, biological and 
economical information to be integrated in WP3, WP5, WP6 and WP8 of the project which organisation and 
management is key to have a clear overview of the entire low trophic value chain of production. 
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CS Task 3.1: Abalone Hatchery settlement processes (FrHa, ULPGC, RhU, HIK) 

 

Figure 3.1.a: Graphical abstract of the actions planned to improve the abalone hatchery settlement processes 

As illustrated in figure 3.1.a. the partners FrHa, ULPGC and RhU together with HIK will test if European and 
South African abalone hatcheries could rely on a system based on the integration of abalone post-larvae and 
juveniles with different algae, the macroalgae Ulvella lens (a two dimentional growing macroalgae, Strain et 
al., 2009) and diatoms. The algae will be used for settlement cue and will contribute to nutritional inputs as 
one of the primary food sources for the post larvae and juvenile abalone.  Such integrated systems present 
an interest to stabilise the culture conditions and improve the quality of the production process through 
nutritional benefits between different trophic levels by optimizing the nutrient cycling between the abalone 
and the algae and through pH control preventing erosion of the juvenile shells (this technology contributing 
to mitigate possible climate change implications). Another interest for developing this integrated production 
process is the possibility to obtain organic certification for the products produced (invertebrates, 
macroalgae) and ensure a better value for end product. The experiments are proposed to answer the needs 
of the industrial sector as the success of larval settlement remains inconsistent for many abalone producers, 
and technology to operate these systems using entirely organic methods, in order to comply with the 
biological or organic certifications requirements, has not been developed (TRL3-4). FrHa, ULPGC and RhU 
together with HIK will test the effect of different settlement cues (i.e. various algae cultures in the integrated 
system) on settlement and survival of European and South African abalone (Haliotis tuberculata, Haliotis 
tuberculata coccinea and Haliotis midae) and their benefits for the production processes. The experiments 
will be performed under activities 3.1.1, 3.1.2 and 3.1.3 according to the timeline described in the Gantt 
Chart. 

Activity 3.1.1: Haliotis tuberculata settlement processes 

At their own facilities in France, FrHa will test the effect of different organic fertilization levels of Ulvella lens 
on the settlement and survival of H. tuberculata. The experiments will be performed in twelve 1000L 
experimental tanks testing six methods of substrate preparation using Ulvella lens as settlement cues (Effect 
of 3 organic nutrient levels coupled with two plates preparation methods pre-settlement (scraping or flushing 
of U. lens plates). Growth and survival will be monitored during 3 months post settlement. 
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Activity 3.1.2: Haliotis tuberculata coccinea settlement processes 

ULPGC will test at their facilities the effect of different macroalgal and microalgal substrates on the 
settlement and survival of H. tuberculata coccinea. The experiments will be performed in 18 experimental 
tanks testing six methods of substrate preparation using three red and three green algae as settlement cues. 
Growth and survival will be monitored during 2-3 months post settlement. 

Activity 3.1.3: Haliotis midae settlement processes 

In South Africa RhU together with HIK will test the effect of species conspecific settlement cues, specifically 
developed to promote the integrated culture of abalone and diatoms in the hatchery (i.e. IMTA), measured 
using settlement rates and survival of H. midae. The experiments will be performed in commercial size 2000 
L experimental tanks testing two methods of substrate preparation using either conspecific mucous and 
diatoms or only diatoms. Growth and survival will be monitored in the period post settlement. 

CS Task 3.2: Hatchery temperature (FrHa, CPS, GMIT)  

 

Figure 3.2.a: Graphical abstract of the actions planned to improve nursery processes and test the effect of temperature on hatchery 
and nursery processes. 

As illustrated in Fig. 3.2.a., the experiments are designed to test:  

- the effect of temperature and water filtration on the growth and survival of small juveniles (Haliotis 
tuberculata) in the nursery using U. lens-abalone integrated system. The impact of a 2-3 degrees increase in 
water temperature will be tested on the relationship between U. lens culture and the production of grazers 
and the effects on the spat production.  

- the effect of staged changes in temperature and pH on the settlement performance of blue mussels under 
hatchery conditions. The Irish partners Cartron Point Shellfish and GMIT will investigate the effect of staged 
temperature experiments on the settlement rates of blue mussels (Mytilus edulis) in the hatchery with an 
aim of assessing impacts of Ocean Warming and pH on settlement performance. This will be run in parallel 
with CS3 leaders and participants and will be directly linked with CS9. 
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FrHa (France) and GMIT (Ireland) together with CPS will perform the experiments within task 3.2 according 
to the timeline described in the Gantt Chart. 

FrHa (France) will perform the experiments in sixteen 3500L nursery tanks using 30-40000 juveniles of 4-5 
mm Half of them will be kept at ambient temperature and the other half with increased temperature (+3 °C). 
During 3 months growth and survival of the juveniles will be monitored as well as U. lens to evaluate its 
resilience to grazing under the different scenarios. An economic evaluation of the production efficiency will 
also be performed.  

GMIT (Ireland) will perform the experiments in the hatchery of CPS and will monitor the settlement and 
growth rates of blue mussels during the hatchery phase.  

CS Task 3.3: IMTA nursery trial (FrHa) 

As illustrated in Fig. 3.2.a the experiments are designed to evaluate the impact of the IMTA of multiple and 
complementary species on the productivity of nursery tanks under organic certification. France Haliotis will 
implement an IMTA nursery trial, in a flow through system, integrating abalone (Haliotis tuberculata) 
together with macroalgae, anemones, fish and sea cucumber in order to improve growth and survival of 
abalone juveniles, reduce amphipods and copepods populations while recycling nutrients. FrHa (France) will 
perform the experiments within task 3.3 according to the timeline described in the Gantt Chart. 

FrHa (France) will perform the experiments in twelve 1000L experimental tanks using 4000 4-month old 
juveniles per tank. The experiments will be performed comparing six control tanks with Ulvella lens 
settlement plates, with complementary feeding of Ulva rigida, integrating only abalone, and six tanks with 
Ulvella lens plates, with complementary feeding of Ulva rigida to which locally sourced specimens were 
placed in the integrated system, in the nursery tanks, with abalone juveniles. The introduced specimens 
consisting in: three specimens of Holothuria forskali juveniles, 20 specimens of Anemonia sulcate, five 
specimens of Gaidropsaris vulgaris. During the entire experimental period growth and survival of abalone 
juveniles, anemones, sea cucumbers and fish will be monitored, as well as the water quality and waste 
management within the system to estimate nutrient fluxes and nutrient’s budget in the production system. 

CS Task 3.4: Land Based IMTA European abalone, sea cucumber and algae (ULPGC)  
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Figure 3.4.a: Graphical abstract of the Land Based IMTA processes for European abalone, sea cucumber and algae. 

As illustrated in Fig. 3.4.a, the experiments are designed to evaluate the potential of a Land Based IMTA trial, 
performed in flow through, in grow out tanks, integrating abalone (Haliotis tuberculata coccinea); feeding on 
macroalgae produced in Land Based IMTA system; and sea cucumbers feeding on outputs from the system. 
During the experiments the ULPGC will monitor the growth and survival of abalone and sea cucumbers, will 
determine of ingestion rate and food conversion ratio of the sea cucumbers, will determine the substrate’s 
nutrient composition and will monitor the water quality and waste management within the system to 
estimate the flux of nutrient and nutrient’s budget in the production system. ULPGC (Spain) will perform the 
experiments within task 3.4 according to the timeline described in the Gantt Chart. 

ULPGC (Spain) will perform the experiments in six experimental grow out tanks, in a Land Based IMTA system, 
stocked at commercial density with abalone fed fresh macroalgae produced in the system or compound feed. 
The specimens from Holothuria sanctori will be sourced and added to the grow out tanks together with the 
abalone. three control tanks will be stocked with abalone located in grow out baskets without sea cucumbers 
and three tanks will be stocked with abalone located in grow out baskets with sea cucumbers placed on the 
bottom of the tanks. Experiments will be repeated for each source of feed and at low and high sea cucumber 
density. 

CS Task 3.5: Land Based IMTA South African abalone, sea cucumber and algae (RhU, WiCoAb, 
AWI, Mfeed, University of Fort Hare)  

 
Figure 3.5.a: Graphical abstract of the Land Based IMTA processes for South African abalone, sea cucumber and algae 

 

As illustrated in Fig. 3.5.a, the experiments are designed to evaluate the potential of a Land Based IMTA trial, 
performed in flow through, in grow out tanks, integrating abalone (Haliotis midae); feeding on macroalgae 
produced in Land Based IMTA system; and sea cucumbers feeding on outputs from the system at Wild Coast 
Abalone. During the experiments the partners (WiCoAb, AWI, MFeed and RhU and Fort Hare University) will 
implement a grow out trial integrating wild caught juveniles from local species Neosticophus grammatus 
together with abalone (Haliotis midae) in an IMTA flow through system and will monitor growth, food 
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conversion ratio (FCR) and survival of abalone and sea cucumbers. (note: these sea cucumber data will report 
to CS7). They will also determine the co-product’s nutrient composition and estimate the nutrient budget in 
the production system (carbon, nitrogen and phosphate budgets) by monitoring water quality and waste 
management within the system (these data will be reported as part of the LCA in CS Task 3.5). Data collected 
here will be complementary to the ones from CS7 in which ingestion, digestion and consumption rates of 
sediment by sea cucumber will be determined. Production data will contribute to monitor the system 
dynamics and establish financial and environmental cost/saving of the systems in WP6 &WP7 also 
contributing to the life cycle analysis of an integrated commercial abalone farm system. 

The partners (WiCoAb, AWI, MFeed and RhU and University of Fort Hare) (South Africa) will perform the 
experiments within task 3.5 according to the timeline described in the Gantt Chart. 

Wild caught juveniles from local species Neosticophus grammatus will be grown under four different 
experimental conditions in the land-based IMTA production system at Wild Coast Abalone farm for a period 
of six months (Table 3.5a).  
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Table 3.5.a: Experimental treatments for Neosticophus grammatus grow out in Land Based IMTA system. 
Treatments 

Abalone fed: basal 
abalone diet  

Abalone fed: fresh 
IMTA algae and 
basal abalone diet 

Abalone fed: fresh 
IMTA algae and 
basal abalone diet 
+ Sea cucumber 

Abalone fed: basal 
abalone diet + Sea 
cucumber 

 

Contribution of sea cucumber to waste removal in the IMTA system:  

(1) Abalone will be stocked at commercial densities into the currently used baskets while sea cucumbers 
and sediment will be placed on the bottom of the tank (A+SC+S: Abalone+Sea Cucumber+Sediment).  

(2)  In an identical culture system, abalone will be placed in the suspended basket with sea cucumbers 
on the bottom of the tank, but without sediment (A+SC: Abalone+Sea Cucumber).  

(3) In another identical system, abalone will be placed in the basket without sediment or sea cucumbers 
on the bottom of the tank (Control).  

To determine the effect of sea cucumber stocking density on water quality and abalone growth, the first two 
treatment combinations will be tested using 10 and 20 sea cucumbers respectively. Each experimental group 
will have three replicates. The sediment will be collected from the natural habitat of the sea cucumber, which 
consists mainly of sand. 

Abalone will be fed as per farm feeding regimes with no additional food being given to the sea cucumbers 
except food residues and faeces from the abalone. Abalone and sea cucumbers will be weighed and 
measured monthly and in the case of abalone, the basket FCR determined. 

Water in each tank will be exchanged approximately once every two hours. To compare water quality 
between experimental groups, the levels of ammonium nitrogen (NH4+-N), nitrite (NO2--N), nitrate (NO3--
N) and phosphate in each tank will be measured weekly using a Hach Photometer and the respective test 
kits.  

Weekly samples of the substrate or abalone solid waste will be collected and the organic and nitrogen 
content determined. Water temperature, pH, DO and salinity will be monitored daily. 

 

Life cycle analysis of land based IMTA 

A life cycle analysis (LCA) will be carried out by RhU to compare the environmental cost/benefit of various 
IMTA production opportunities on a commercial abalone farm (this will draw on data collected in sea 
cucumber CS7 and from data collected in CS3 Task 3.7). A budget of total nitrogen, phosphorus and carbon 
will be constructed by calculating the mean values for each of the input and outputs of nutrients to the farm 
using a mass balance approach based on the concept: Output = Input – Retention. This data will be presented 
for each input and output as percentages (%) of the nutrient derived. Net loss of N and P to the environment 
will be calculated based on the total amount of nutrient discharged from the system minus the amount in 
abalone, nutrient, seaweed and incoming seawater.  These data will be used to carry a “cradle to grave” LCA 
and it will, for the first time, provide empirical evidence of the environmental cost/saving of a commercial-
scale land based IMTA abalone system that compares it to conventional non-IMTA production. Furthermore, 
the data that will be collected from the various treatments tested in the land-based IMTA systems will be 
collected simultaneously and at the same location. In addition, the contribution of various IMTA/non-IMTA 
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abalone feeds and the contribution of including sea cucumber as a production loop in the IMTA might be 
incorporated into the LCA, if data collected in other subtask allow  (note that these data will only be included 
in the LCA if feeding trial data and sea cucumber production tasks on an the abalone farm produce sufficient 
data for this, which is why sea cucumber has been presented in red in Figure 3.7.a). 

CS Task 3.6: Land Based IMTA abalone/algae/innovative feed/Systems (ULPGC)  

 

Figure 3.6.a: Graphical abstract of the Land Based IMTA processes testing innovative feed and production systems. 

As illustrated in Fig. 3.6.a, the experiments are designed to evaluate the potential of Recirculating 
Aquaculture System (RAS) and flow through land based IMTA system for the grow out of abalone (Haliotis 
tuberculata coccinea) while feeding on macroalgae produced in Land Based IMTA system and innovative feed 
integrating IMTA grown macroalgae in their composition. During the experiments the ULPGC will monitor 
the growth and survival of juvenile abalone, will determine their ingestion rate and food conversion ratio, 
will determine the animal and feed nutrient composition and will monitor the water quality and waste 
management within the system to estimate the flux of nutrient and nutrient’s budget in the production 
system. The experiments will contribute to determine the nutritional benefits of macroalgae produced in 
Land based IMTA systems using abalone by products. ULPGC (Spain) will perform the experiments within task 
3.6 according to the timeline described in the Gantt Chart. 

ULPGC (Spain) will perform the experiments in 18 100L grow out tanks stocked, at commercial density, with 
1.5-2 cm juveniles’ abalone to investigate their growth and survival in Recirculating Aquaculture System (RAS) 
and flow through land based IMTA systems. Abalone will be fed macroalgae produced in IMTA using fish and 
abalone effluents as well as compound feed integrating IMTA grown macroalgae in their composition and 
Marifeed S34 compound feed as a control compound feed. Experiments will be performed in identical 
conditions of light and flow rate and water quality parameters such as temperature (oC), oxygen 
concentration (mg/L), pH, ammonia (mg/L), nitrite (mg/L) and nitrate (mg/L) will be taken at regular intervals 
throughout the trial.  
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CS Task 3.7: Land Based IMTA abalone/algae/innovative feed (MFeed, RhU, WiCoAb)  

 

Figure 3.7.a: Graphical abstract of the Land Based IMTA processes testing innovative feed.  

As illustrated in Fig. 3.7.a the experiments are designed to evaluate the potential use of innovative feed 
integrating IMTA grown macroalgae in their composition. During the experiments the partners (MFeed, Rhu 
and WiCoAb) (South Africa) will monitor H. midae growth and survival, in Land Based IMTA system, 
comparing four feeding strategies incorporating standard commercial feed bio-secured macroalgae 
produced in the IMTA system vs algae proceeding from non-IMTA production methods. They will also 
determine the food conversion ratio (FCR) and the animal and feed nutrient composition. Water quality and 
waste management within the system will be recorded and nutrient flux will also be recorded to establish a 
nutrient budget in the production system (i.e. carbon, nitrogen and phosphate budgets). The experiments 
will contribute to determine the nutritional benefits of macroalgae produced in Land based IMTA systems 
using abalone by-products. The production data will contribute to monitor the system dynamics and establish 
financial and environmental cost/saving of the systems in WP6 & WP7 also contributing to the life cycle 
analysis of a commercial abalone farm performing production in a Land based IMTA system. The partners 
(MFeed, Rhu and WiCoAb) (South Africa) will perform the experiments within task 3.7 according to the 
timeline described in the Gantt Chart. 

3.7.1: Pelletised abalone feed containing land-based IMTA grown seaweed 

The partners MFeed, Rhu and WiCoAb (South Africa) will perform the experiments within task 3.7 in close 
collaboration. Abalone produced in the land based integrated abalone-algae IMTA system will be graded into 
baskets distributed amongst at least six tanks, with a similar biomass per basket. Each basket will then be 
allocated to one of the four established feeding strategies and their growth, FCR and survival will be 
monitored over eight months  

Treatments/feeding strategies: 

 (1) Control – Basal abalone diet;  
 (2) Basal abalone diet supplemented with non-IMTA Ulva Spp. (produced at Wildcoast Abalone) 

included in the pellet; 
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 (3) Basal abalone diet supplemented with IMTA Ulva Spp. (produced at Wildcoast Abalone) included 
in the pellet; 

 (4) Basal abalone diet supplemented with fresh Ulva Spp. and Gracilaria Spp. (second control); 
 (5) If the basal abalone diet differs from a commercial Abfeed® then the commercial diet will be 

included as a reference diet. 

The treatments will be assigned to baskets in the tanks using a randomised-block design (each treatment will 
be represented at least once in each tank) to ensure standardised conditions, and each treatment will be 
allocated to at least three baskets of abalone (the abalone basket will be considered the unit of replication).  

Abalone biomass (kg basaket-1 and g abalone-1) for each treatment will be compared, to ensure that there 
are no significant differences between treatments at the start of the trial (p<0.05). The difference in biomass 
per basket and average weight per basket will be used to calculate metrics of growth-rate and biomass 
production. The amount of feed fed per treatment will be divided by the total biomass gain per treatment to 
determine the average FCR per treatment. 

The tanks will also be subject to standard farm production/husbandry procedure and feeding will be carried 
out using standard farm feeding procedures.  At the usual split interval of roughly 4 to 6 months, the 
density of abalone in the baskets will be reduced, without grading, and the animals will be put back 
into their respective treatments at the required stocking density. This will be standardised among 
the treatments. The flow rate of water into each tank will be set regularly to ensure that this is 
standardized among treatments. Water quality measurements such as temperature (oC), oxygen 
concentration (mg/L), pH, ammonia (mg/L), nitrite (mg/L) and nitrate (mg/L) will be taken at regular 
intervals throughout the trial. 

If a diet is replaced mid experiment, all diets will be remanufactured using the new dietary ingredients. In 
addition, if it is found that one of the feeding strategies is superior to the current strategy then 
processing trials should be done to determine if there is an impact on processing yield. 

3.7.2: Life cycle analysis of land based IMTA 

The workplan for the life cycle analysis (LCA) is presented in CS Task 3.5. The LCA in 3.5 draws on data from 
this CS Task 3.7 and from CS7.  
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CS Task 3.8: Vegetal/animal screening for new and/or improved IMTA products (ULPGC, 
WiCoAb, FrHa, MFeed, RhU, AWI) 

 

Figure 3.8.a: Graphical abstract of the vegetal and animal screening. 

Task 3.8, illustrated in the graphical abstract (Fig. 3.8.a) is designed to assess the potential of Land based 
IMTA production for new and improved products and/or applications; the land-based IMTA produced species 
and their by-products will be screened through the performance of nutritional and quality analysis and the 
results will contribute to determine the valorisation of the products in the production systems tested. Animal 
and vegetal species produced in Land based IMTA systems in experiments, tasks 3.3, 3.4, 3.5, 3.6 and 3.7, in 
WP2, will be screened and their chemical/biochemical, physical and biological properties and will be analysed 
during year 3 & 4 of the project. 

Analysis will be performed through the evaluation of chemical/biochemical, physical and biological 
properties of the products to provide an assessment of land based produced IMTA products in terms of 
quality, sustainability and nutritional value. The partners (MFeed, Rhu, WiCoAb, ULPGC, FrHa and AWI) 
(South Africa, Spain, France, Germany) will perform task 3.8 according to the timeline described in the Gantt 
Chart. 

Land Based IMTA produced; macroalgae (Ulva, sp., Hydropuntia, sp.), abalone (Haliotis midae, Haliotis 
tuberculata and Haliotis tuberculata coccinea), sea cucumbers (Neostichopus grammatus, Holothuria forskali 
or and Holothuria sanctori) and anemone Anemonia sulcate will be screened for nutritional analysis (proteins, 
lipids, carbohydrates), quality (physical, chemical/biochemical and biological properties) and heavy metal 
testing. Testing will be performed in triplicates and according to the established reference protocols for each 
of the parameters to be analysed. 
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Introduction 
As with the land-based Integrated Multitrophic Aquaculture (IMTA) case study (CS3), it is acknowledged here 
too that IMTA is a concept and not a formula and it cannot be reduced to a short bureaucratic definition, 
because its scope is broad, flexible and ever-evolving (Chopin 2018). While some might want to categorise 
and limit the definition of IMTA to particular species or trophic levels, or to certain production systems and 
not others, or to predefined distances, for example; this is not what was intended when the concept was first 
developed (Chopin 2018). As such, in its use by AquaVitae, the idea that IMTA is a broad concept that 
encompasses an unlimited number of possible interactions and benefits, shall be adopted (Figure 4.1.a). 

 

The concept of IMTA has been summarised to include the co-culture of any number of species from any 
different trophic levels that involves any number of the following interactions that take place as a result of 
the integrated production of the organisms (Chopin et al 2006) (note that this list is not a definitive list, but 
included here as an example only): 

(6) solid by-products from one species that acts as a nutrient source for another; 
(7) dissolved by-products from one species acts as a nutrient source for another; 
(8) it might offer environmental remediation or ecosystem services at: (a) a production-system level; or 

(b) at an ecosystem level; or (c) on global level. In all instances, humans might use or even improve 
this interaction to their advantage and the advantage of the planet; 

• Species X and species Y are from different trophic 
levels 

• The interaction could include any number of 
species (indicated by “Species….”) and any 
number of interactions (additional arrows) may 
be included 

• Arrow direction indicates the interactions 1-5 or 
more between species X and Y or more, at any 
level of production (tank/system/ecosystem) or 
connected by effluent streams or any other loop-
forward or loop-back mechanism 

 

Figure 4.1.a: Schematic representation of the cyclical concept: Integrated multitrophic aquaculture (IMTA). 

Species X Species Y Species… 

• Species X and Y and so on… might be integrated in any of the following ways: 
            1 = dissolved nutrient by-product 
            2 = solid nutrient by-product 

3 = environmental remediation or ecosystem service 
            4 = economic stability:  

o reduced environmental risk  
o improved health/growth/FCR 
o lower costs  
o product diversification  
o improved consumer acceptability 

5 = Improved social acceptability (process/product) 
… or any other number of ways… 
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(9) it might bring economic stability of a production system through: (a) reduced environmental risk; (b) 
improved stock health; (c) improved growth rates; (d) improved food conversion ratios; (e) reduced 
production costs; (f) better utilisation of aquaculture infrastructure or (g) other resources; (h) 
improved consumer acceptance; or through (g) product diversification; and finally 

(10) it might result in improved social acceptability of the product or production system. 
 

Furthermore, IMTA includes the integration of species at various levels of production. For example, they may 
be cultured in the same tank or pond in land-based IMTA or in the ocean or lake where the interaction may 
take place at a species-level or an ecosystem-level or even on a global-level, or they may be integrated via 
effluent streams between tanks in a production system or other loop-back or loop-forward mechanisms (e.g. 
harvested and fed fresh to another trophic level or included in a feed). All of these examples facilitate the 
cyclical interactions mentioned above and the broad IMTA concept that was initially intended when it was 
first introduced (Chopin 2018). 

Objectives 
The overall aim of CS4 is to address environmental concerns associated with the rapid expansion of intensive 
sea-based mariculture. The work will include various aspects of IMTA (Figure 4.1.a) including the coculture 
of species from different trophic levels or where nutrient extraction reduces environmental impact and/or 
the better utilisation of aquaculture facilities. More specifically, the objectives are to: 

• develop and refine sea-based IMTA systems, processes and protocols specific to species and 
conditions in South African, France, the Faro Islands and Sweden; and  

• to improve efficiency in the use of natural resources including space and increasing the carrying 
capacity of aquaculture sites. 

Description of work 
The work can be divided into four main sections by regions: 

In South Africa, this case study (CS) will produce research outputs where the biosecurity risk associated with 
cycling aquaculture products back into production will be assessed. Here, algae harvested from the sea (e.g. 
sea-based IMTA) will be cycled back into abalone production by placing it in a feed (Figure 4.1.a); but the 
focus will be on biosecurity risk associated with the back cycle. Note that this biosecurity risk will be assessed 
and mitigative measures developed and tested here, but they will also be tested in land-based IMTA abalone 
tanks (CS3 and CS13). That is, please note that this research output will feed into the cross-cutting CS13 that 
will draw on research from the current sea-based IMTA CS4 and land based IMTA CS3. We will also investigate 
the potential of culturing seaweed on mussel rafts in Sardana Bay in South Africa (CS4), to better utilise the 
use of space/resources on existing mussel rafts (Figure 4.1.a). Finally, we will compare various algal 
supplements, from various sources (e.g. IMTA produced Ulva Spp. and Ocean grown kelp), added to a 
formulated abalone feed, and the effect this has on production parameters under farm conditions, after the 
feed has been made biosecure. The aim is to establish if there are benefits of including IMTA products into 
abalone feed (Figure 4.1.a). The kelp powder will be supplied by Ocean Rain Forest; and the IMTA produced 
Ulva Spp. will be supplied by Wildcoast Abalone. (Note this includes testing algae products from ocean-grown 
kelp (CS2), sea-based IMTA (this CS4), land based IMTA (CS3) as an abalone feed ingredient, and these feed 
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formulations and their manufacture will be reported as part of the cross cutting low trophic aquafeeds case 
study (CS13) were aquaculture produced algae are cycled back into aquaculture production of abalone. 

In Sweden we will investigate the potential for co-cultivation of the European lobster (Homarus gammarus) 
and the European flat oyster (Ostrea edulis) in sea-based systems adapted to local conditions. This task will 
provide new knowledge and techniques for on-growing cultivation methods for lobster juveniles with respect 
to cost efficiency, sustainability and quality of animals. The integration and co-cultivation of lobster with 
filtering oysters provides environmental benefits since nutrients produced by lobsters are sequestered by 
oysters (Figure 4.1.a). In addition, and in line with environmental efficiency and cost-benefits expected of 
IMTA systems, integration of lobsters that utilise naturally occurring organisms growing in/on the oyster 
containers as food source, is expected to decrease problems with biofouling during the grow out stage and 
thus enhance oyster production (Figure 4.1.a). 

On the Faroe Islands the mitigation effect by two various approaches of salmon-mussels-macroalgae 
aquaculture will be investigated. The IMTA will be approached in 1) the traditional manner with mussel and 
seaweed targeting a direct uptake of waste from the fish farm, and 2) with a fjord ecology point of view, 
balancing the nutrient and organic carbon waste from fish farming through their assimilation by other 
organisms (Figure 4.1.a). 

Our research team in France will develop the methods to achieve multi-trophic aquaculture with a focus on 
low trophic species. This will include identifying new species and developing methods to produce them in 
the current production system, namely using sea-based IMTA of abalone and Saccharina and the IMTA of 
scallop and oyster (Figure 4.1.a). 

CS Task 4.1: Biosecure integration of algae into abalone culture (RhU, MFeed; DEFF) 

Macroalgae is the natural diet for juvenile and adult abalone in the wild. Together with formulated feed, 
macroalgae has been used in several parts of the world as a suitable diet for abalone; and its mineral content, 
bioactive phytochemicals and soluble fermentable fibres contribute to it use as a feed (Nel et al. 2017). As 
the abalone industry in South Africa has grown, there is an increasingly limited supply of kelp form natural 
ocean forests, so alternatives sources of algae need to be established.  

There are concerns with the use of fresh macroalgae as a farmed abalone feed source, since it could pose 
biosecurity risks (Tacon 2017). Fresh macroalgae is a known vector for potential pathogens and therefore its 
direct use could present a potential risk to farmed abalone stocks (Bautista-Teruel et al. 2011, Dang et al. 
2011). In addition, feeding abalone macroalgae grown in effluent water (i.e. land or sea-based IMTA) also 
poses a risk if fed to the abalone stock in intensive production conditions. For example, gram-negative 
bacteria (Vibrio vulnificus and Vibrio alginolyticus) were isolated from cultured abalone (Haliotis asinina) after 
being introduced by macroalgae (Gracilaria changii) which had been fed to the abalone. It was confirmed 
that the disease was transmitted from the macroalgae which was obtained from prawn ponds in which the 
algae originated before being fed to the abalone (Kua et al. 2011). In another case, abalone herpesvirus which 
was responsible for mass mortalities of abalone in Taiwan and Australia was inferred to have originated from 
the Chinese mainland and was then transferred to Taiwan from where it was transported to Australia through 
Taiwanese abalone feeds (Bai et al. 2019).  In South Africa, parasites have been seen more frequently 
especially in stock fed macroalgae collected from natural algae sea beds (Mouton 2006). 
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Figure 4.1.b: Graphical abstract for the biosecure inclusion of IMTA algae in abalone feeds. 

The first aim will be to assess biosecurity risks associated with macroalgae inclusion in abalone diets and the 
development of biosecurity measures to mitigate these risks, and to ensure that the measures taken to make 
the algae biosecure do not compromise the nutritional qualities of the algae, i.e. the qualities that promote 
abalone growth/health. This will be done by addressing the following specific objectives: 

• To determine the effect of different processing/sterilisation methods on survival of pathogens on 
macroalgae (CS3 and CS4); 

• To determine the effect of different processing/sterilisation methods on the proximate composition 
of macroalgae harvested in this CS (result reported in CS13); and 

• To determine the effect of processing/sterilisation methods of macroalgae produced here, on the 
growth performance when fed to abalone (result reported in CS13). 

 
The experimental approach is summarised in Figure 4.1.b. The biosecure laboratory work will form the basis 
of Rhodes University student’s PhD thesis and it will be carried out at Department of Environment, Forestry 
and Fisheries Sea Point Aquarium in Cape Town. This will be done in collaboration with Mr Dirk Weich from 
Marifeed Pty Ltd where feed processing and production will be scaled. The product will be tested at an 
abalone farm in Hermanus (South Africa). This will be overseen by Prof. Cliff Jones. 

Development of biosecurity processes  
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Microbial vitro culture (e.g. microbial plating) and/or polymerase chain reaction (PCR) will be used to 
determine presentence/absence of the marked pathogen. Note that industry has identified that viral 
pathogens are the most important – and a cost-effective method to determine their presence has to be 
decided on still; bacteriophage will probably be used as model in these tests.  Samples will be subject to the 
biosecurity methods listed here (by way of example only) and the presence/absence of the microbes 
assessed: 

• Heat treatment (pasteurisation) – modified different temperatures; exposure times; method: 
water/air);  

• Salinity (freshwater/high salt bath); 
• pH (bath/shock);  
• UV radiation; 
• Ozone; and 
• Different combination of options. 

 

The efficiency of the alternative methods will be assessed by comparing them to a control that is not subject 
to the biosecurity process. In addition, the biosecurity method that is currently used by Marifeed Pty Ltd 
(proprietary method) will be used as a second control or reference treatment.  

The method used to develop the biosecurity processes/sterilisation-methods will be presented in the year-2 
work plan. For example: Algae will be exposed to model pathogens carrying markers. The presence of the 
pathogen on the algae will be verified using the markers (e.g. marked vibrio; marked bacteria; marked fungus; 
and if possible, marked viruses). The algae will be subject to different biosecurity processes and the presence 
of the marked pathogen will be assessed post-biosecurity process. 

Proximate composition and phytochemical analysis 

Proximate composition analysis, total phenolic content and antioxidant activity of the macroalgae will be 
determined before and after subjecting them to different sterilisation/pasteurisation processes. A similar 
sample of fresh macroalgae will not be subjected to the sterilisation process will form the control, and there 
will be a control for each algal-source, e.g. land, sea, imported etc. 

Total lipid, crude protein and ash content will be determined using Rafatec, Kjeldahl and muffle furnace 
methods. The total phenolic content of the macroalgae will be measured using the Folin–Ciocalteau method 
(Tagaet al. 1984), and the antioxidant activity of the macroalgae will be assessed using 2,2-diphenyl-1-
picrylhydrazyl DPPH.  

Growth of abalone fed the new product 

The use of the biosecure feed will be tested under commercial conditions in farm growth trials, using 
accepted/published methods descried in more detail in CS Task 4.3. 

The formulation and manufacture of these diets will be reported as part of CS13. The feed trials in which 
these diets will be tested (e.g. abalone growth, health, feed conversion and cost analysis and/or benefit of 
the biosecure product) will be reported here in CS4. 

CS Task 4.2: Seaweed production in Saldanha Bay (MFeed, RhU, Blue Ocean Mussel) 

This task shall determine the potential for the commercial production of macroalgae together with mussels 
off the coast of South Africa where the infrastructure is currently used for mussel culture only. This is in line 
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with the benefit of IMTA, where animals from different trophic levels are cultured together, but where the 
benefit realised is the more efficient utilisation of aquaculture infrastructure. This will be done by: 

• Comparing the production (biomass) and environmental data (water quality parameters etc) of 
macroalgae cultured with mussels. 

 

Figure 4.2.b: Graphical abstract for coproduction of algae with mussels (CS Task 4.2) and inclusion of IMTA algae into abalone diets 
(CS Task 4.3). 

Preliminary trial 

• Two 50-meter Netlon ropes seeded with Gracilaria Spp. tufts (harvested locally). 
• Both ropes will be stocked with 15–20 g Gracilaria tufts every 50 cm with total stocking weight ab 

out 1.75kg. 
• The ropes suspended along the length of mussel raft, one at a mean depth of about 0.4 and the 

second at a mean depth of 2.0 m. Both ropes will be attached to mussel raft outside runners. 
• Biomass will be monitored over seven weeks. 
• Method of drying will be developed and recorded. 
• The above process will be repeated in a second trial at a stocking with 25–30 g Gracilaria tufts every 

30 cm with a total weight about 4.5kg. 

Scale-up trial 

• Increase number of ropes (scale of the experiment); 
• Identify commercial potential and constraints to commercial potential; 
• Addressing challenges associated with commercialisation. 

The experimental approach of this task is presented in Figure 4.2.b. The data collection will be overseen by 
Mr Dirk Weich of Marifeed Pty Ltd (South Africa) and it will be used as part of his MSc thesis, under the 
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supervision of Dr Ann Wu and Prof. Cliff Jones (Rhodes University, South Africa). The IMTA production will 
take place at Blue Ocean Mussel Pty Ltd in Saldana Bay, South Africa. 

CS Task 4.3: IMTA algae into Abfeed (RhU, MFeed, Aqunion) 

We aim to test the inclusion of sea-based IMTA produced algae as an ingredient in a commercial abalone 
feed (Figure 4.2.b). 

It should be noted that the formulation and manufacture of the diets to test sea-based IMTA algae (CS4), 
land-based IMTA algae (CS3) and sea harvested kelp (CS2) will be developed as part of CS13. The growth of 
the abalone fed sea-harvested kelp will be reported in CS2, the growth of abalone fed land-based IMTA will 
be tested and reported on as part of land based IMTA (CS3) and growth of abalone fed sea-based IMTA will 
be tested and reported in CS4. 

The following diets will be formulated and manufactured in CS13 (see CS13 for this method), and effect they 
have on growth and health will be compared: 

(1) Base diet (Control); and 
(2) Base diet supplemented with sea-based IMTA Gracillaria Spp. (e.g. from Marifeed, Saldanah Bay or 

imported Gracillaria Spp.).  

The treatments will be assigned to baskets in the tanks on an abalone farm using a randomised-block design 
(each treatment will be represented at least once in each tank) to ensure standardised conditions, and each 
treatment will be allocated to at least three baskets of abalone (the abalone basket will be considered the 
unit of replication).  

Abalone biomass (kg basaket-1 and g abalone-1) for each treatment will be compared, to ensure that there 
are no significant differences between treatments at the start of the trial (p<0.05 

The volume of formulated feed that will be fed to each replicate basket will be recorded, and feed conversion 
ratio (FCR) calculated:  

FCR = dry feed (kg)/wet weight gain (kg) 

Feeding will be carried out using standard farm feeding procedures, and all other farm husbandry procedures 
will be applied consistently among treatments to ensure that the results are commercially applicable. The 
flow rate of water into each tank will be set regularly to ensure that this is standardized among treatments. 
Water quality measurements such as temperature (oC), oxygen concentration (mg/L), pH, ammonia (mg/L), 
nitrite (mg/L) and nitrate (mg/L) will be taken at regular intervals throughout the trial. 

At the usual split interval of roughly 4 to 6 months, the density of abalone in the baskets will be reduced, 
without grading, and the animals will be put back into their respective treatments at the required stocking 
density.  

When a basket (replicate) comes into the split station its total biomass as well as the average weight of a 
sample of animals will be recorded. This will be used to determine the new basket biomass according to the 
farm stocking-density tables (standard farm practice). The required biomass will be placed back into the 
replicate basket and the basket re-tagged. The new basket will be returned to its replicate and feed 
treatment. That is, basket biomass before the split will be recorded (i.e. biomass at the end of the growth 
period); and it will be recorded again after the split (i.e. the starting biomass of the subsequent growth 
period). 
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The difference in biomass per basket and average weight per basket will be used to calculate metrics of 
growth-rate and biomass production. The amount of feed fed per treatment will be divided by the total 
biomass gain per treatment to determine the average FCR per treatment. 

This work will form part of a Rhodes University MSc research program, supervised by Dr Ann Wu and Prof. 
Cliff Jones, in collaboration with Mr Dirk Weich (Marifeed Pty Ltd, South Africa). Feed will be produced by 
Marifeed Pty Ltd (South Africa) and the experiments will be carried out on commercial abalone farm Aqunion 
Pty Ltd (Hermanus, South Africa).  

CS Task 4.4: IMTA of European lobster & oyster (IVL, Bohus Havsburk)  

European lobsters (Homarus gammarus) and flat oysters (Ostrea edulis) offer nutritious products with unique 
gastronomical qualities and high market values, but since wild populations are limited and declining, 
culturing techniques are needed for increased production. The market demand for the European lobster is 
high and there is a large interest from the industry in aquaculture of the species, but the lack of economically 
reasonable and sustainable larval rearing and grow-out systems impedes the development of commercial 
production. At the same time, the current oyster industry suffers from heavy fouling, hindering sufficient 
water exchange and thus efficient growth. Initial trials in Spain, Ireland and the UK have shown potential for 
sea-based cultivation of lobster juveniles in submerged oyster cages without feed supplementation and with 
minimal human intervention. These studies indicate that fouling organisms along with filter feeding sustain 
good survival and growth for the lobsters, compared to land-based hatchery controls (Daniels et al. 2015; 
Halswell et al. 2018).  
 
In this project we will provide proof of concept of sea-based systems for co-cultivation of these high quality 
and most valuable species and evaluate the benefits of integration of the two species in an IMTA system, 
that sees (a) oysters utilising the waste of the lobsters as a feed source and (b) the lobsters utilising by-
products of oyster production (i.e. organisms that seed naturally onto the oyster cages) thus addressing 
biofouling and reducing labour costs, improving water-flow and oyster feeding rates. In summary, we will 
provide knowledge and techniques valuable for the development of commercial and sustainable farming of 
the European lobster, as well as mass-production of lobster juveniles for restocking and enhancement 
purposes. Furthermore, the results can offer improvements for oyster industry with regards to reduced 
biofouling.  
 
This case study task will develop the following processes (Figure 4.3.a): 

• 4.4.1: New prototype and protocol for co-cultivation of lobsters and oysters, for increased food 
production and restocking purposes. 
 

• 4.4.2: Adaptation of the culture system for Swedish environmental conditions, with stratified waters 
and large fluctuations in temperature, salinity and plankton availability. 

 
• 4.4.3: Evaluation of low tech and relatively inexpensive method for on growth of lobster juveniles in 

sea-based systems that request minimized rearing and no additional food supply. 
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Figure 4.4.a: Graphical abstract for the coculture of lobster and oyster. 

 
The aim is to test and evaluate the benefits with integrating lobster and oyster, and to develop protocols for 
grow-out systems of the two species, in sea-based IMTA systems, where lobster obtain feed source from the 
oyster farming system and oyster production benefit from nitrogenous waste produced by lobster and the  
added benefit of improved water flow through the oyster baskets due to reduced biofouling, all adapted to 
local environmental conditions. The overall aim is to increase and develop sustainable and competitive 
production of lobsters and oysters in a sea-based IMTA system. 

A pilot-scale co-culturing system will be set up in the Gullmarsfjord on the Swedish west coast. Oyster and 
lobster juveniles will be cultured in round oyster baskets with four inner compartments (18×6 cm, mesh size 
2×2 mm or 4×4 mm) containing either lobsters or oysters. Baskets will be stacked into units, where one unit 
contains four baskets with either oysters in all inner compartments (treatment 1 – oysters only) or with 
lobsters in all inner compartments (treatment 2 – lobsters only), or the baskets will contain a mixture of both 
species; either altering between inner compartments within each basket layers (treatment 3 – oysters and 
lobsters mixed within baskets), or with oysters and lobster separated between basket layers (treatment 4 – 
oysters and lobsters in separate basket layers) (Table 4.4 a). There will be six units per treatment, submerged 
at two different depths (i.e. three replicated units per treatment and depth).   

Before being introduced to the oyster baskets, lobster juveniles originating from locally caught berried 
females (≥2 females of similar size) will be reared in controlled conditions in the laboratory until stage V (i.e. 
second postlarval stage after metamorphosis). Oyster juveniles will be provided from local oyster farms. 

No food will be supplied during grow-out in the sea-based baskets (i.e. lobster nutrition will be a direct result 
of the by-product of existing oyster farming technology). Temperature and salinity will be monitored 
continuously. Lobsters and oysters will be monitored periodically (once per month up to once every third 
month, depending on age/size; more often at the beginning of the experiment) for up to 1.5 years, to 
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evaluate differences in health condition (visible signs of infection, malformation, missing body parts, etc), 
survival and growth, between different treatments and between different depths.  

 

Table 4.4.a: Experimental treatments for the co-cultivation of oysters and lobsters (CS Task 4.4). 

Experimental treatment Depth BASKET LAYERS within units 

  A B C D 
1 Oysters only                                                           7 m OE OE OE OE 
                                                                                     15 m OE OE OE OE 
2 Lobsters only                                                        7 m HG HG HG HG 
                                                                                      15 m HG HG HG HG 

3 Oysters & lobsters mixed within baskets        7 m OE + HG OE + HG OE + HG OE + HG 
                                                                                      15 m OE + HG OE + HG OE + HG OE + HG 
4 Oysters & lobsters in separate basket layers 7 m HG OE HG OE 
                                                                                      15 m HG OE HE OE 

OE= Ostrea edulis, HG= Homarus gammarus 

 

Preliminary activities will include: 

• Planning, ordering and preparation of cultivation systems (including applying for permits) 
• Pilot test in outdoor test tanks, for optimization of the system 
• Collection of egg-berried female lobsters 
• Hatchery rearing of lobster larvae for PL production 
• Field work/implementation of the system 
• Continuous monitoring of lobsters and oysters in grow-out systems 
• Data analyses 

This work will be carried out by Dr Anna-Sara Krang (IVL, Sweden) with industry partner Katrin Persson (Bohus 
Havsburk, Sweden) and data will be collected in Gullmarsfjord on the Swedish west coast. 

CS Task 4.5: Mitigation effect by two various approaches of salmon-mussel-macroalgae 

aquaculture (Fiskaaling, P/F Luna)  

Finfish-mussels-seaweed aquaculture is often regarded as a relatively simple multitrophic system. 
Traditionally it aims for a direct uptake of waste from the cultured fish, which implies that the species need 
to be co-cultured in close proximity to each other. This might lead to logistical and food safety challenges. 
The IMTA concept can be transferred to an ecosystem level rather than farm level, where the aim is to take 
up organic particles and nutrients not directly from the farm, but in form of other organisms in order to 
balance the amount released from a fish farm. However, in order to investigate the mitigation effect of 
indirect mitigation, knowledge of the ecosystem is required. 
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Figure 4.5.a: Graphical abstract of fjord ecology with salmon-mussels-macroalgae IMTA. 

 

The aim of this study is to investigate the carbon and nitrogen cycle of a fjord ecosystem and the possible 
mitigation effect by mussel and seaweed on an ecosystem with commercial salmon aquaculture (Figure 
4.5.a).  This will be done by addressing the following specific objectives: 

• To model the direct uptake of fish farm waste by mussels in a traditional IMTA system  
• To investigate the hydrodynamics, nutrient availability and primary production in the ecosystem 
• To model the carbon and nitrogen uptake by a mussel and seaweed farm  
• To investigate the mitigation effect of mussel and seaweed farms on an ecosystem level 

The study will be conducted in Sørvágsfjørður, a Faroese fjord, at a commercial scale fish farm. It will be 
carried out by Dr Gunnvør á Norði Norði of Fiskaaling (Sweden) with industry partner P/F Luna. 

The direct uptake of fish farm waste by mussels will be modelled. 

Based on the feed usage and fish biomass the production of waste will be calculated. The dispersion of waste 
will be modelled based on the sinking speed of faeces and the local hydrodynamics. The maximum uptake of 
waste by mussels will be modelled considering the spatial constraints. 

The growth of seaweed located in fish farming cages and at distance to the farm will be investigated. 

Investigation of the ecosystem functioning will be a combination of field measurements and modelling. The 
seawater circulation and residence time in the fjord will be modelled based on hydrodynamic measurements. 
The nutrient availability, primary production and zooplankton abundance will be investigated during two 
seasons.  

A mussel farm will be established and growth rates as well as the uptake of nitrogen and organic carbon will 
be investigated. 
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Seaweed farms will be established at the fish farm and at distance to the farm where nutrients from the farm 
are scarce. Growth rates and uptake of nitrogen and organic carbon will be investigated. 

The investigations will be used as input to a model of the carbon and nitrogen dynamics in the fjord and the 
effect of finfish seaweed and mussel farms on the carbon and nutrient cycling in the ecosystem. 

This case study task will produce the following reports and processes: 

• Production site evaluation. 
• Development of mussel seeding lines for wild settlement and optimal growth. 
• Evaluating the IMTA potential with salmon/blue mussel coculture.  
• Evaluation of the influence of salmon/blue mussel/seaweed coculture on fjord ecology. 

CS Task 4.6: Seaweed production as feed for abalone (FrHa, CIIMAR)  

France Haliotis is currently producing European abalone (Haliotis tuberculata) in large benthic cages that are 
attached on long-lines. France Haliotis is the first and only organic certified abalone farm in the world. This 
industry partner will dedicate the work within CS4 to find ways to add a few new species in its production 
system in order to improve productivity and the cycling of nutrients while further integrating our production 
and relying less on outsourced feed.  
The farm’s abalone production currently relies on the harvest of wild seaweed for feeding. These wild 
seaweeds are certified organic. By integrating seaweed cultures at sea, it aims at producing and securing 
about 30% of the seaweed required for its annual abalone production. This would in turn also improve the 
biosecurity status of the farm by reducing the risk of introducing parasites from wild harvested seaweed. One 
of the main challenges in the development of this new production system is that it will have to be produced 
under organic certification (this gives this aspect of the research a low TRL). 
France Haliotis will also work on diversifying its current production by associating other low trophic species 
in its production system. By using other low trophic species that will not compete for food with abalone, such 
as bivalves or sea-cucumbers, the total animal biomass on the concessions will be increased providing more 
nitrogen rich nutrient for the seaweed to grow.  
France Haliotis aims at finding a combination of species that can be reared together in integrated, co-culture 
to build up a more sustainable and integrated aquaculture model that would mimic species assemblages and 
nutrient fluxes that can be found on temperate reefs in Brittany. This new production system also intends to 
be up to organic certification standards. 
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Figure 4.6.a: Graphical abstract for abalone and Saccharina latissima IMTA (CS Task 4.6) and scallop and oyster (CS Task 4.7) produced 
in IMTA co-culture.  
 
The first aim will be to assess the best method to integrate seaweed culture in the current production system. 
This will be done by addressing the following specific objectives (Figure 4.6.a):  

• To confirm that Saccharina latissima is the best candidate seaweed to grow on the farm.  
• To assess the various existing production techniques for the species and identify the most suitable 

technique for the existing concessions.  
• To set a production trial and assess its feasibility and productivity.  
• To assess the feasibility of meeting the organic certification standards.  
• To determine the nutritional quality of the macroalgae produced, and evaluate its potential on the 

growth performance when fed to abalone.  
 

Secondly, other low trophic animal species will be assessed to diversify France Haliotis’ production. This will 
be done by addressing the following objectives:   

• To identify the species with the best potential.  
• To assess the feasibility of co-culture with the current abalone cage system.  
• To set trials and evaluate the production potential of each species.   

 
After a literature review and exchanges with other existing producers and/or partners involved in AquaVitae, 
France Haliotis will buy or produce its own seeds and then deploy them on long lines (approximately 500 m) 
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surrounding our concessions with the abalone cages. France Haliotis will purchase and deploy some of the 
equipment. Seeded lines should become available early 2020.   
A preliminary trial will start in January 2020 to determine the feasibility of long line production of kombu 
under conventional or organic standards. Cotton twines will be left submerged in hatchery tanks, and when 
settlement is evidenced they will be moved to long lines in the ocean. Production results (i.e. biomass of 
algae produced per meter of longline) will become available during the summer of 2020. The experiment will 
continue for a further 12 months, at which time the potential of partial harvesting will be assessed.  
Produced seaweed will be assessed for its nutritional quality (proximal composition) and compared to the 
wild collected specimen. When cultured seaweed become available in large enough quantity, abalone fed 
with Saccharina latissima obtained from long-line culture will be assessed for growth and survival and 
compared with abalone fed with S. latissima from wild collection. This growth trial will be carried out for a 
period of three months (in autumn 2020) and there will be at least four replicates per treatment.  
We will also attempt to assess the benefit of growing Saccharina latissima together with abalone. Seaweed 
longlines will be deployed close to the cage – i.e. on the same long-lines used to anchor abalone cage - and 
further away from them on long-line without abalone cages. Growth of Saccharina latissima will be assessed 
in these two environments, to determine the interaction (nutrient flow) between the abalone and S. latissimi. 
The CS Task 4.6 will be carried out in Brittany (France) at France Haliotis by Dr Sylvain Huchette, in 
collaboration with Prof. Isabel Pinto (University of Porto, CIIMAR, Portugal). 

CS Task 4.7: Integrating queen scallop or flat oyster into an existing IMTA system (FrHa, 

CIIMAR)  

Scallops and oysters are filter feeders and will not compete with abalone for food since abalone are grazers; 
on the contrary, abalone effluent will support the feeding of oysters and scallops. France Haliotis intends to 
buy the seed from a local hatchery and integrate them with our abalone in benthic cages. Preliminary trials 
showed that the current grow out environment is suitable for their survival and growth. France Haliotis needs 
now to find the best way to associate the three species. Experiments will include: three culture densities of 
queen scallop that will take place over 2-3 years. They will be introduced in cages with abalone juveniles of 
about 18 months old so that they can be harvested at the same time as abalone. For the sake of AquaVitae, 
intermediate samplings for survival and size will be planned. The trials will be carried out in nine cages, with 
three densities. 
Flat oysters seem to require a pre-growing phase in separate containment units that will be attached within 
our abalone cages under the top cover. After this phase, the oysters may be released on the bottom of 
the abalone cages at three different densities. For the sake of AquaVitae, intermediate samplings for survival 
and size will be planned. The trials will be carried out in nine cages, with three densities. 
Alternatively, the production results obtained for abalone with or without bivalves will also be assessed.  
When the IMTA system using these species will be operational towards the end of AquaVitae project, we will 
attempt to assess the benefit of an increased and diversified biomass of invertebrate on the growth and 
nutritional quality of seaweed directly placed above those cages. 
The CS Task 4.7 will be carried out in Brittany (France) at France Haliotis by Dr Sylvain Huchette, in 
collaboration with Prof. Isabel Pinto (University of Porto, CIIMAR, Portugal). 
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CS Task 5.1 'Improve shrimp production in biofloc by adjusting production parameters 
Improvement C:N ratio in Biofloc 
system (BFT) 
Improvement of nitrification in BFT system 
Evaluation of water reuse in biofloc
Implementation of pilot to produce 
shrimp in bft with developed 
CS Task 5.2 Develop a biofloc system using IMTA concepts, improving efficiency in the use of natural resources and increased quality and value of the final products.
Shrimp/mullet integration in BFT 
Shrimp/Ulva integration in BFT 
Shrimp/molluscs integration in BFT 
Shrimp/tilapia integration in BFT 
Shrimp/mullet integration in BFT 
(feeding experiment)
Implementation of pilot Integrated 
Multi-Trophic Aquaculture system in 
BFT 
CS Task  - Design, implement and carry out a profit and sustainable integrated pond-based shrimp - seaweed - oyster farming in Northeastern Brazil .
Authorizations, permits and licenses   
Preliminary seaweed market study
Harvesting wild seaweeds and 
propagate them inside a 2 ha-pond in a 
commercial farm to form seedlings for 
stocking ponds to validate shrimp - 
Development of the prototype
First test of the prototype on-farm
Data analyses and reformulation of the 
prototype
Test of the new-prototype on-farm
Data analyses and reformulation of the 
prototype - subject the results to 
stakeholders
Implementation  and assement of the 
final IMTA system
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Introduction 
FAO projects is that aquaculture must continue to grow rapidly due to intensification of production systems, 

diversification of species and introduction of innovations and technologies to make production more efficient 

(FAO, 2020). Among the applied technologies in the intensification of the production, stands out the biofloc 

technology (BFT). BFT systems have been used in the production of Pacific white shrimp with high storage 

densities with minimum or zero water exchange rates, considerably reducing the production areas and water 

resources compared to traditional semi-intensive system (Samocha et al., 2012). For example, it is possible 

to produce 1 kg of shrimp in using 100 L of water in the biofloc system, while traditional systems use about 

64.000 L to produce the same 1 kg of shrimp. 

The BFT system is based on the presence of microbial aggregates. The manipulation of the carbon: nitrogen 

(C: N) ratio on the water favor the appearance of heterotrophic bacteria. This manipulation takes place 

through the addition of organic carbon based on the nitrogen concentration present in the feed and water 

(Avnimelech, 2012). The manipulation of the C:N ratio favors the conversion of inorganic nitrogen in 

microbial biomass, maintaining water quality and, consequently, reducing the need for water exchange and 

increasing biosecurity . In addition, microbial aggregates can be used as a food source for the animals 

(McIntosh et al., 2000). However, the adjustment of production parameters, like C:N ratio and water 

turbulence, can improve shrimp production.  

The development of the BFT system face some other obstacles. Among these problems the generation of 

nutrient-rich solids stands out. Excessive accumulation of suspended solids in the water during rearing are 

prejudicial to shrimp growth and, therefore, should be removed from the system (Ray et al., 2010; Schveitzer 

et al., 2013). The removal can be done through the use of clarifiers or siphoning systems. However, the solids 

removed result in a nutrient-rich effluent, mainly in nitrogen and phosphorus. 

According to the constraints of the BFT system described above, the use of integrated multi-trophic 

aquaculture (IMTA) could contribute to the development of Pacific shrimp reared in bioflocs. IMTA is a 

production system that integrates species from different trophic levels in the same growing environment, 

resulting in the conversion of the residues from one species into a food source or fertiliser for another 

(Chopin et al., 2001). The application of IMTA to the rearing of Pacific white shrimp in biofloc could contribute 

to the increase of productivity based on the diversification of the production, which could positively affect 

the profitability, reducing the rate and time of return of the enterprise. In addition, the use of species of 

different trophic levels would allow the maximum utilisation of the nutrients present in the solids generated 

in the biofloc system (Poli et al., 2019, Legarda et al., 2019, 2020). 

In addition, shrimp farming in Brazil was strongly affected by the white spot syndrome virus (WSSV) outbreak, 

resulting in relevant economic losses. To minimise the risks of WSSV infection, farmers reduced stocking 

density, causing a decline in production and therefore in farm revenue. IMTA is also an alternative to increase 

the profitability of farms, as it is possible to diversify the production and synergic effects of organisms living 

in the same space results in overall higher productivity. For example, seaweeds assimilate potentially 

polluting inorganic nutrients in the water, releases compounds that may increase shrimp immunity and is a 

high-value product in the nutraceutical market; oysters are filtering organisms that may improve water 

quality and also provide high-value biomass. The transition from monoculture to IMTA is a demand from the 

shrimp industry in Brazil and other countries, but still, there is limited adoption of the system due to the lack 

of commercial-scale pond-based IMTA research.  
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Objectives 

The main objectives of CS5 are to enhance Biofloc Technology (BFT) by adjustments of production 

parameters and implementing IMTA concepts into BFT by designing a shrimp - seaweed - oyster IMTA 

production system on a commercial scale. This will enhance profitability, ensure sustainability and promote 

the circular economy of shrimp production while conserving natural resources. 

Specific objectives are: 

• Improve C:N ratio in biofloc system by using mature water  

• Improve nitrification in biofloc system using biofilm and different aeration flow rates 

• Implement a pilot system to produce shrimp using the technology developed  

• Evaluate the integration of shrimp and mullet in biofloc system 

• Evaluate the integration of shrimp and Ulva Spp. in bifloc system 

• Evaluate the integration of shrimp and tilapia in biofloc system 

• Evaluate the integration of shrimp and molluscs in biofloc system 

• Implement an AMTI pilot system in biofloc  

• Determine the best density of shrimp in IMTA with oyster and algae 

• Evaluate the technical feasibility to produce shrimp integrated to oyster and algae 

• Evaluate the economic feasibility to produce shrimp integrated to oyster and algae 

• Evaluate the IMTA-effect of introducing oyster and algae on shrimp culuture 

• Assess the economic, social and environmental sustainability of organic shrimp monoculture and organic 

IMTA  

Description of work 
This case study will work in three main fronts:  

1) Improve biofloc technology by adjustments of production parameters like aeration, use of biofilms 

and carbon:nitrogen ratio.  
2) Develop a biofloc system using IMTA concepts, using different species like shrimp (Litopenaeus 

vannamei), fish (tilapia and mullet), molluscs (oyster) and seaweed (Ulva sp.)  
3) Design and validate a shrimp - seaweed - oyster IMTA production system on a commercial scale to 

enhance profitability, ensure sustainability and promote the circular economy of aquaculture 

enterprises besides conserving natural resources.     

CS Task 5.1: Improve shrimp production in biofloc by adjusting production parameters  
(FURG, UFSC) 

In this task, a series of experiments will be performed to improve shrimp production in biofloc system by 

adjusting producing parameters. After, the developed parameters will be validated in a pilot scale. UFSC will 

evaluate the C:N ratio for BFT. The experiment will have two treatments: the use of mature water (low C:N) 

versus new water with high C:N ratio. FURG will evaluate the influence of water turbulence (no aeration, 7.5 

L/min, 20.0 L/min, 33.75 L/min and 75.5 L/min), oxygen levels and biofilm (presence or absence) on the 

nitrification process in Biofloc Technology Systems. FURG will also evaluate the water reuse in biofloc. It will 

be 6 treatments with different levels of water reuse: 0, 1, 2.5, 5, 10 and 20%. Shrimp growth performance 

and water quality will be evaluated in all experiments. Finally, FURG and UFSC will validate the new 

parameters in a pilot-scale using 40 m3 tanks. 
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CS Task 5.2: Develop a biofloc system using IMTA concepts, improving efficiency in the use of 
natural resources and increased quality and value of the final products (UFSC, FURG) 

In this task, a series of experiments will be performed to develop a biofloc system using IMTA concepts and 

the validation on a pilot scale. First, FURG will evaluate shrimp and mullet integration. This experiment seeks 

to determine if mullets can help solids control in biofloc. UFSC will evaluate the integration of shrimp and 

Ulva in biofloc. Two species will be used (Ulva ohnoi and Ulva fasciata) and two stocking densities (2 and 4 

gr per liter). Algae growth and nutrient uptake will be evaluated. Shrimp and oyster integration will be 

evaluated at FURG. Two treatments: 1) Without Oyster, where 3L of water with bioflocs from the marine 

shrimp culture were placed; and 2) With Oyster, in which 1 oyster was placed in three litres of water, with 

bioflocs from the same source as the Without Oyster treatment. It will be evaluated the physical and chemical 

parameters of water, microbial community, and total suspended solids for 5 days. UFSC will evaluate shrimp 

and tilapia integration. It will be carried out a bifactorial experiment and each factor had two levels: the 

addition or not of microalgae Scenedesmus obliquus (5 mg L-1 twice a week) and the offer or not of feed for 

tilapias (1% of fish biomass). Mullet feeding ratio during the integration with shrimp will be evaluated at 

UFSC. It will be carried out an experiment with four treatments with different levels of mullet feeding: no 

feeding and 1%, 2% and 3% of fish biomass. Finally, at UFSC, the technology developed will be validated on 

a pilot-scale using 50 m3 tanks for shrimp rearing, 5m3 for fish rearing and 4m3 for seaweed cultivation at 

UFSC. 

CS Task 5.3: Design, implement and carry out a profit and sustainable integrated pond-based 
shrimp - seaweed - oyster farming in North-eastern Brazil (Embrapa, UNESP, Primar, FURG). 

In this task, a series of experiments will be performed to develop an IMTA system to produce shrimp, oyster 

and seaweed integrated. First step, Embrapa, UNESP and Primar will get the Authorisations licenses and 

preliminary market study: a) Require authorization to interview humans (Plataforma Brasil authorisation); 

require environmental license to harvest wild seaweed and propagate it in captivity (Sisbio authorization); 

require environmental license to research native species (Sisgen authorisation). Embrapa, UNESP and Primar 

will also assess seaweed market in Brazil and worldwide and get a feedback on preliminary studies on the 

market value of seaweed in Brazil. PRIMAR, UNESP, Embrapa and FURG will harvest wild seaweeds and 

propagate them inside a 2 ha-pond in a commercial farm to form seedlings for stocking ponds to validate 

shrimp - seaweed - oyster IMTA; by building seaweed farming structures to insert in shrimp ponds. A 2-ha 

pond soil will be prepared to start culture trial and a seaweed floating structures will be installed inside the 

pond: Structures of 3m length; Seaweed stocked at 50g/m². Walter quality will be monitored (N-ammonia, 

N-nitrite, N-nitrate, salinity, OD, pH, alkalinity); seaweed growth (% per day) and samples of seaweed will be 

collected to access the nutritional and nutraceutical profiles. Primar, UNESP and Embrapa will Perform one 

experiment to test on-farm the land-based IMTA prototype, the inventory of expenditures and gross revenue 

of the prototype, a bio-economic analysis and environmental analyses to obtain data on biomass of shrimp, 

oysters and algae, sedimentation, greenhouse gases, energy and nutrients. These data will be used to 

compute indicators of sustainability. Finally, Primar, UNESP and Embrapa will set up pond-based IMTA 

farming and validated design of pond-based IMTA for transferring technology for marine shrimp farms will 

be developed. It will be based on economic, environmental, social and market analysis, to be conducted 

during the following years of the project. The system will be presented for stakeholders in specific farmer 

forums in Brazil. During the period, the CS will also be validated through the WPs. 
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General CS Tasks

Workplan description

CS Task 6.1
Define existing roe enhancement protocols, distribute to stakeholders

Set up tank system (Norway)

Set up tank system (Spain)

Tank holding system testing

Tank holding system revised and testing

Final holding system and protocols defined

Food  Delivery (Norway and Spain)

CS Task 6.2 (Norway)
Complete system set up

Preliminary enhancement trial with URCHINOMICS feed (Tromsø, Norway)

Post trial product testing

Documentation for WP5, 6 and 7

Run subsequent trials at URCHINOMICS facility

Post trial product testing

Run trials with smaller  stakeholders in north of Norway

Enhance 2000kg of sea urchin  and deliver product to market (URHCINOMICS)

Final reporting on CST6.2

CS Task 6.3 (Spain)
Complete system set up

Run pre Trial 1 Spain

Post trial product testing

Documentation for WP5, 6 and 7

Run subsequent trials at Algafres facility

Post trial product testing

Enhance 400kg of sea urchin  and deliver product to market

Final report on CST6.3

CS Task 6.4
Collaborate with Canadian stakeholders

Present results from AquaVitae in  stakeholder meetings/create synergies

Hold stakeholder meeting in Norway
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Introduction 
There has been a substantial amount of research into enhancing sea urchins from a range of species and in 
both land and sea-based facilities. There have also been a range of manufactured feeds produced but most 
have never been developed beyond experimental diets and the quality of the enhanced roe has not been 
fully market tested. This has resulted in a significant amount of published information but the commercial 
scale protocols for the harvesting, transportation, and roe enhancement of sea urchins (of any species) are 
not clearly described. In addition, activities in the north of Norway (inside the Arctic circle) have a unique set 
of challenges when dealing with Strongylocentrotus droebachiensis (James, et. al., 2015). Paracentrotus 
lividus is a new candidate for sea urchin roe enhancement. There have been a very limited number of trials 
on this species and none on a commercial scale. The temperate sea urchin Paracentrotus lividus is a species 
with specific roe characteristics as well as some unusual behavioural characteristics (e.g. due to life history 
and behaviour P. lividus does not forage when compared to other sea urchin species, Pers. Comms. Mr John 
Chamberlain, Dunmanus Seafoods Ltd, Ireland). 
A member of the industry reference group in this case study, URCHINOMICS Nordic AS is a business 
development company with a commercial focus on sea urchin roe enhancement in Norway. URCHINOMICS. 
They have a very ambitious and expansive business plan and have negotiated the sole rights to manufacture 
and use the Nofima sea urchin feed (developed over a decade ago but never fully commercialised) for sea-
based roe enhancement. An updated URCHINOMICS version of the diet has recently been produced for the 
first time on a commercial scale in Japan and will be tested and used in the AquaVitae project. In addition to 
URCHINOMICS there are a cluster of smaller companies and start-up companies interested in sea urchin roe 
enhancement in Norway. They are at varying stages of development and are mostly working on a significantly 
smaller scale than what URCHINOMICS plans to operate at. Examples from the cluster of smaller companies 
includes Statsnail AS, a commercial fishing enterprise based in Oksvoll, Norway. Statsnail AS harvest a variety 
of marine invertebrate species, including sea urchins, for sale in Norway and international export. Another is 
EcoFang AS, a small company that has designed a novel fishing system for sea urchins and is hoping to 
develop roe enhancement systems in the north of Norway. 

Algafres SL is a key member of the industry reference group in AquaVitae CS6. Algafres SL is a commercial 
fishing company based in La Coruña in Northern Spain, with many years’ experience of harvesting, 
processing, distributing and selling P. lividus. Algafres SL is interested in increasing their ability to supply sea 
urchins to the lucrative Spanish and French markets with enhanced roe from P. lividus during and outside of 
the traditional roe harvesting season 

Objectives 
CS6 will aim to considerably increase sea urchin production from areas that are currently low producers and 
where existing high sea urchin populations have a significantly negative environmental impact. It will do this 
by developing the production of enhanced sea urchin roe as an aquaculture product.  

Specific objectives are: 

• Develop and introduce a land-based sea urchin roe enhancement system and test it on a commercial 
scale. 
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• Develop and introduce methodologies for commercial scale sea urchin roe enhancement in two 
different species in Europe and Canada respectively (and in South Africa as the opportunity arise 
during the project lifetime, particularly in relation to sea urchin enhancement feeds). 

• Included in the methodologies will be efficient harvesting, transport, live holding and enhancement 
protocols. 

• In addition to the financial success, investigate the environmental benefits of sea urchin roe 
enhancement. 

Description of work 
CS6 will develop land-based holding systems, test existing and if needed novel feeds and develop commercial 
scale protocols for harvesting, transporting, and enhancing sea urchins. These will be specific to the species 
of sea urchin found and the environmental and commercial conditions found in the defined areas. 

CS Task 6.1: Development of roe enhancement protocols and holding systems (Nofima, GMIT, 
URCHINOMICS, Algafres) 

The first task in CS6 will be for Nofima to define existing roe enhancement protocols for S. droebachiensis 
and distribute these to stakeholders. There are currently no existing protocols for the enhancement of P. 
lividus so the initial protocols will be based on the best-known system designs and test protocols for roe 
enhancement of S. droebachinesis. Protocols will include best practise for harvesting, transport, live holding 
as well as roe enhancement (Figure 6.1.a). In conjunction with Tasks 6.2 and 6.3 the best practice protocols 
for both species will be tested (by URCHINOMICS and Algafres respectively) first on a small scale and then in 
development trials on a commercial scale. 

 
Figure 6.1.a: Graphical abstract of Task 6.1. 
There are no existing land-based commercial holding systems available for sea urchin aquaculture. The IRG 
partners URCHINOMICS and Algafres will install and test commercial scale land-based sea urchin roe 
enhancement system (Task 6.1) in their licensed facility in Stavanger (URCHINOMICS), Norway and Galicia 
(Algafres), Spain respectively. Nofima and GMIT will provide advice as required for this task. Both holding 
systems will be tested in initial trials in Year one and revision and improvement of the design based on the 
results of the initial trials will be tested in years 2 and 3 at the respective facilities.  
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CS Task 6.2: Roe enhancement of Strongylocentrotus droebachiensis in Norway (Nofima, 
GMIT, URCHINOMICS, Statsnail AS) 

Task 6.2 aims to test and develop commercial scale land-based roe enhancement of Strongylocentrotus 
droebachiensis in Norway and undertake market testing for product quality and demand (see Figure 6.2.a).  

 

Figure 6.2.a: Graphical abstract of Task 6.2. 

URCHINOMICS facility set up in Stavanger. 

Nofima will make a site visit to the new URCHINOMICS Stavanger facility (not yet fitted for sea urchin 
enhancement) in July 2019. An URCHINOMICS representative will also attend the AquaVitae kick off meeting 
in Tromsø as a member of the Industry Reference Group. URCHINOMICS will set up sea urchin holding facility 
in the Stavanger facility in preparation for first trials. The design of the holding tanks will be based on previous 
trials conducted at the Nofima facilities in Tromsø in early 2019 (Confidential Report). Nofima/GMIT will 
provide advice on tank set up and system design as required.  

System trial at URCHINOMICS facility 

When the system in Stavanger is ready to receive sea urchins, they will be harvested in Tromsø by Nofima 
and transported to the URCHINOMICS facility in Stavanger in January of 2020. The first shipment will involve 
a test transfer of live sea urchins to the holding system in Stavanger followed by an enhancement trial. 

Feed testing at Nofima facility 

In late 2019 URCHNOMICS will provide 50kg sea urchin feed to Nofima to run a small-scale test enhancement 
trial in Tromsø on the new feed. The product will be market tested in April 2020.  

12 Month feedback for evaluation WPs 

In April-June 2020 URCHINOMICS and Nofima will provide documentation for WPs 5, 6 and 7 for month 12-
prototype analysis. 

Enhancement trials at URCHINOMICS facility 

After the feedback at Month 12 a series of trials (minimum three) will be conducted at the URCHINOMICS 
facility in Stavanger to improve the efficacy of transport systems for live sea urchins and to improve the 
efficacy of sea urchin roe enhancement in the land-based systems. 

Development of smaller start-up companies in Norway 

A cluster of small companies in north Norway will run small scale trials at the Nofima facilities in Tromsø to 
establish the feasibility of sea urchin roe enhancement. They will test a variety of feeds (the URCHINOMICS 
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feed will not be available to these companies) and a variety of harvesting techniques, depending on the 
individual companies. 

CS Task 6.3: Roe enhancement and out of season production of Paracentrotus lividus in Spain 
(GMIT, Nofima, Algafres) 

Algafres SL is interested in increasing their ability to supply sea urchins to the lucrative Spanish and French 
markets with enhanced roe from P. lividus during and outside of the traditional roe harvesting season 
therefore Task 6.3 aims to describe protocols for harvesting, transport, and enhancement (on a commercial 
scale) in land-based systems for P. lividus. Through a series of trials CST6.3 will produce and test enhanced 
roe from P. lividus and market test in European markets. They will also test the feasibility of producing roe 
outside of the traditional harvesting season (Figure 6.3.a). 

 

Figure 6.3.a: Graphical abstract of Task 6.3. 

Visit to Algafres 

In September of 2019 Nofima and GMIT will visit Algafres in Galicia and hold a CS kick-off meeting, as well as 
visit the Algafres facility and discuss plans for enhancement trials and system set up. Between September 
and October 2019 Algafres will set up holding tanks in their facility in Galicia. This will include at least 12 
tanks depending on tank size. 

Set up and run first trial. 

In October 2019 Algafres will set up the first Trial with the assistance of GMIT and Nofima. This will include 
the harvest of at least 200kg urchins using local divers and standard harvesting protocols. Nofima/GMIT will 
monitor harvesting and transport process. In October 2019 URCHINOMICS will provide 50kg sea urchin feed.  

In November to December 2019, Algafres will run the first roe enhancement trial (6-8 weeks). Staff will 
monitor sea urchin roe content and quality at start (guided by GMIT and Nofima) and end of roe 
enhancement period. At the conclusion of the trial (December 2019) Nofima and GMIT will assess the sea 
urchin roe quality and provide feedback on quality and market value. 

12 Month feedback for evaluation WPs 

In January-March GMIT and Nofima will provide documentation for WPs 5, 6 and 7 for month 12-prototype 
analysis. 

Enhancement trials at Algafres facility 

After the feedback at Month 12 a series of trials (minimum three) will be conducted at the Algafres facility in 
Galicia to improve the efficacy of transport systems for live sea urchins and to improve the efficacy and 
profitability of sea urchin roe enhancement in the land-based systems. 
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CS Task 6.4: Support commercial production of enhanced sea urchin roe in Canada (Nofima, 
URCHINOMICS, GMIT)  

There are numerous initiatives underway on the East coast of Canada to develop land and sea-based sea 
urchin roe enhancement. These land and sea-based initiatives are been implemented to rebuild the sea 
urchin value chain, which previously relied solely on wild catch. In recent years, the expansion of sea urchin 
barrens has limited the wild harvest industry in Canada; therefore, roe enhancement is seen as a viable 
alternative to overreliance on wild fisheries. Thus, Task 6.4 aims to support the commercial development and 
implementation of land-based sea urchin roe enhancement on the East coast of Canada (see Figure 6.4.a). 

 

Figure 6.4.a: A graphic abstract of Task 6.4. 

Nofima and URCHINOMICS will create synergies with the research that is underway in Canada and will form 
a larger international multi-stakeholder group including representatives from Spain, Norway, Ireland and 
Canada focused on the commercial development of sea urchin roe enhancement and markets on an 
international level. Specific tasks are not described in this plan but under the umbrella of the industry partner 
URCHINOMICS the AquaVitae partners will consult and collaborate wherever possible with specific trials that 
are underway in Canada. An application for funding and planning a large stakeholder meeting to be held in 
Norway in 2023 will be prepared by Nofima. The ecosystem service benefits of reducing sea urchin 
populations and subsequent macroalgae reforestation will be investigated. 

References 
James, P., J, Siikavuopio, S.I., Mortensen, A., 2015. Sea urchin aquaculture in Norway. In. Echinoderm 

Aquaculture. Edited by Brown., N., and Eddy, E., John Wiley & Sons Inc, Hoboken, New Jersey. Pp 
147-173. 
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Case Study participants and stakeholders:  

Research Partners: 

AWI, Alfred-Wegener-Institute (#11; Germany) - lead 

EmBraPa, Empresa Brasileira de Pesquisa Agropecuaria (#2; Brazil)  

UNESP, Sao Paulo State University (#5; Brazil) 

GMIT, Galway Mayo Institute of Technology (#14; Ireland) 

Industry Partners: 

FrHa, France Haliotis (#32; France) 

Mfeed, Marifeed Pty Ltd (#35; South Africa) 

WiCoAb, Wildcoast Abalone (#36; South Africa) 

IRG and other stakeholder groups: 

Abagold Abalone Farms (South Africa) 

Abalone Farmers Association of South Africa (South Africa) 

Aquaculture South Africa (South Africa) 

Aquafort (Brazil) 

Department of Agriculture, Forestry and Fisheries (South Africa) 

EIR of Norway (Norway) 

Maricultura Costa Verde (Brazil) 

Ostramar (Brazil) 

University of Fort Hare (South Africa) 

University of Gothenburg/SWEMARC (Sweden) 
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Gantt Chart  

 

Time plan AV CS07
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CS Task 7.1 - Species Identification and selection
Literature review on endemic sea cucumber 

species in Brazil and South Africa

Sea cucumber field surveys
Stakeholder interviews to confirm species 

selection

Site surveys and interviews 
Confirm candidate species, sites and IMTA 

format 
CS Task 7.2 - Controlled feeding experiments 

Site setup

Feeding experiment

Identification of optimal sediment diet
CS Task 7.3 - Basic hatchery methods

Broodstock collection and spawning

Larval rearing

IMTA site integration

Development of hatchery protocol
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Introduction 
Sea cucumbers represent a high-value low-trophic species and are well suited to IMTA applications. Selection 
of local, valuable and suitable detritivore sea cucumbers is a first step to developing viable culture in South 
Africa and Brazil. Determining site suitability and feeding ecology of the selected species are important 
research steps to determine if and where aquaculture can / should occur, particularly in an integrated multi 
trophic aquaculture (IMTA) context. Initial hatchery protocol testing can provide insights into suitability for 
future production and closure of the value chain. Case study 7 will address these three steps using applied 
research methods outlined in the following. 

Objectives 
The main objective of CS7 is to expand sea cucumber aquaculture in general by introducing new candidates 
in Brazil and south Africa and determine the applicability of these new sea cucumbers species the context of 
IMTA. 

Specific objectives are: 

• to select one optimal species of endemic sea cucumber for Brazil and South Africa  
• to identify and describe a site of natural occurrence and a site suitable for IMTA of selected species by 

conducting dive and/snorkel transects  
• to apply standard hatchery protocols (spawning induction, broodstock holding, gonad somatic index 

measures) to wild-caught broodstock of the selected species to determine whether breeding in a 
hatchery will be viable or whether other options for future seedstock will need to be applied. 

• to determine the optimal feeding ecology of the species for IMTA application by collecting natural 
specimens to determine gut content and in controlled feeding experiments with various diets 

• to integrate the new sea cucumber species into abalone farming 

Description of work 

The work in Case Study 7 is initially exploratory, we will speak to experts and partners, and review the 
literature on sea cucumbers to identify and choose the most suitable seeming sea cucumber species in Brazil 
and South Africa for development towards sea cucumber aquaculture – preferably IMTA.  

After the species are selected, the work is empirical. We will conduct dives/snorkel transects to find sea 
cucumbers in their natural habitats, collect and analyse their gut content to determine what the site and 
feeding ecology of the species is in their natural habitats, conducting controlled feeding experiments to 
exactly determine their feeding ecology, including feeding on IMTA wastes. 

Finally, the work extends to testing hatchery protocols on broodstock animals in controlled spawning 
experiments. We will look at the gonad development of collected animals over a full annual cycle (from 
animals collected at natural sites) and apply spawning stimuli to adult broodstock held in farm facilities. 
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CS Task 7.1: Species identification and selection (AWI, RhU, UNESP, EMBRAPA, WiCoAb) 

This task will list and categorise potential culture species, confirm their suitability in targeted interviews with 
experts and stakeholders, obtaining data for informed agreement on a final set of two species for commercial 
development – one for Brazil and one for South Africa.  

Literature / Species Reviews and Workshops: 

AWI and UNESP will review literature of Sea cucumber species of interest for IMTA and aquaculture in 
Southern Africa and Brazil respectively. Species and site selection. Both will carry out a (scientific and grey) 
desk study using ISI databases, Scopus, Béche-de-Mer Bulletin and further portals searching for fished and/or 
exported species. FAO export statistics will be assessed and any available data on ecology reported for the 
species of interest. AWI and UNESP will then hold a conference (Call) to agree upon species and to identify 
potential survey and culture sites. AWI, WiCoAb and GMIT will hold a workshop (in Eastern Cape) to agree 
on a refined list of species, select the sites to be assessed for the proposed culture of species and discuss the 
collection of broodstock for initial testing.  

Site selection:  

AWI, WiCoAb and UNESP will assess the proposed IMTA sites or systems (land-based) by using 5 x 100m (1m 
x 1m) dive/walk transects and in the case of land-based systems by visual analysis, sediment sampling and 
analysis and pilot sea cucumber holding in tanks. They will note the density of sea cucumber species of 
interest, take three sediment surface samples per transect. WiCoAb, UNESP and AWI will determine the 
density of sea cucumber species, suitability of animals for broodstock collection (includes gonad staging), 
grain size distribution, organic content, suitability as a culture site and feasibility of proposed culture 
integration for each site. A minimum of four sites will be assessed. An analysis of site data, proposed IMTA 
sites and sediment parameters will be reported and final candidate species confirmed. AWI, WiCoAb and 
GMIT for South Africa and AWI and UNESP for Brazil will agree on and outline a suitable IMTA system. They 
will also discuss an initial integration of wild-collected animals for the two selected sites. 

CS Task 7.2: Controlled feeding experiments (RhU, UNESP, EMBRAPA, AWI) 

In this task CS partners will determine the feeding ecology, nutritional requirements, basic growth rates and 
potential benthic site indicators for the species selected in CST 7.1.  

Feeding ecology determination by gut content analysis of wild-collected sea cucumbers: 

RhU, UNESP, WiCOAb will collect juvenile and / or adult sea cucumbers of the selected species from survey 
sites identified in CS Task 7.1 in South Africa and Brazil respectively. A minimum of 10 animals per natural 
site will be dissected to collect gut and gut content to be analysed for parameters related to feeding ecology 
(gut content, gut length and gut weight grain size analysis, Total Organic Matter / C:N ratio). 

Controlled feeding experiments natural and IMTA Abalone / Oyster biodeposits and aquaculture diets: 

Approx. 200 juvenile and / or adult sea cucumbers of the selected species will be collected by RhU, UNESP, 
WiCOAb from survey sites. RhU, WiCoAb, AWI and UNESP will conduct preliminary feeding experiments in 
East London SA and Rio Grande do Norte (Lagoa Guaraíras) to determine feeding rates of sea cucumbers on 
and IMTA Abalone / Oyster bio-deposits. In these replicated feeding experiments, animals will be fed 
controlled amounts of natural sediments and IMTA biodeposits from Abalone under two different feeding 
regimes (see also figure 7.2.a). Sediment consumption rates, changes to sediment organic content, sea 
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cucumber growth rates will be determined (Table 7.2.a). Four tanks, single animals weighed, collect sea 
cucumber faecal casts and dry, calculate dry and wet weight consumption rates.   

Table 7.2.a: Preliminary experimental design controlled feeding experiments selected species. 12 Tanks – 3/4 replicates – Randomized 
Block design. 

Treatment Sediment regime / Diet Sea Cucumber N Tanks N Parameters 

A Abalone bio-deposits Algae + feed 3 per tank 3/4 C/N, TOM, 
consumption rate, 
SC growth / survival 

B Abalone bio-deposits Algae + feed 0 per tank 3/4 C/N, TOM, 
consumption rate, 
SC growth / survival 

C Abalone bio-deposits Abfeed 3 per tank 3/4 C/N, TOM, 
consumption rate, 
SC growth / survival 

D Abalone bio-deposits Abfeed 0 per tank 3/4 C/N, TOM, 
consumption rate, 
SC growth / survival 

E “Natural sediment” 3 per tank 3/4 C/N, TOM, 
consumption rate, 
SC growth / survival 

F “Natural sediment” 0 per tank 3/4 C/N, TOM, 
consumption rate, 
SC growth / survival 

Based on the results of the experiments AWI, RhU, UNESP, will determine/calculate sediment consumption 
rates, changes to sediment organic content, biodeposit outputs, optimal sediment diet, square meter 
densities, sea cucumber growth rates. Optimal stocking densities for grow-out for abalone/oyster-sea 
cucumber-IMTA applications will be calculated by RhU WCA, UNESP on the basis of biodeposit outputs, 
square meter densities and consumption rates. 

 

Figure 7.2.a: Preliminary feeding experiment schematic for development of IMTA diets. 

CS Task 7.3: Basic hatchery methods (AWI, WiCoAb, RhU, UNESP, GMIT) 

In this task partners will evaluate the suitability of standardised hatchery protocols for the production of 
larvae and juveniles at laboratory scale and determine basic growth rates for early juveniles (Figure 7.3.a)  
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Broodstock collection and spawning  

WiCoAb, RhU will collect sea cucumber broodstock in South Africa. UNESP will do the same in Brazil. In a first 
experiment both will apply spawning protocols after Sewell, 1987, 1992; Battaglene et al. 2002 and Morgan 
2009.  In summary, this involves the collection of up to 100 large adult sea cucumbers from natural sites of 
occurrence and subsequent transport to laboratory/ hatchery site. Collection time is informed by Southern 
Hemisphere reproductive cycle (where considered validated by gonad somatic index data from collected 
animals (cf. Task 7.1). Under observation of lunar cycles (spawning events are frequently influenced by the 
full moon in particular), animals are exposed to a +3 to +5°C temperature shock by addition of warm seawater 
and observed for a period of min. 1 h under maintenance of increased temperature. Behaviours related to 
spawning – cobra position, waving and ultimately successful spawning will be recorded. Where possible, egg 
counts will be conducted from spawning female in order to determine fecundity.  Methods will be transferred 
/ provided by GMIT and AWI.  

Larval rearing 

In the case of successful spawning, males will be rapidly moved to tanks separated from females to avoid 
potential polyspermy. Eggs will be fertilised with the minimal sperm in the spawning induction water after 
transfer to conical flasks followed by serial dilution with 1µm filtered seawater to a density of 2 eggs / ml. 
WiCoAB, RhU and UNESP will establish larval rearing at laboratory scale and apply standard protocols to test 
pelagic microalgal feeding regimes after Schägerstrom et al. in press. This work will be supported by AWI and 
GMIT. Juvenile settlement surfaces containing benthic diatoms (Nitzschia ovalis) or green algae (Ulvella lens) 
will be established and juveniles will be settled at laboratory scale and on-grown. Methods will be transferred 
/ provided by GMIT and AWI. 

IMTA site integration 

If successful, all available juveniles will be supplied to the selected IMTA site in South Africa and Brazil 
respectively. This will occur after on-growing to suitable sizes (suggested currently greater than 10 g WW) 
for transfer to on-growing under provision of a suitable sediment diet. AWI and RhU and UNESP will integrate 
them into a production prototype. The production prototype will apply feeding regimes based on the data 
collected in Task 7.2 with recording of growth and survival of juvenile sea cucumbers over a 3-month period. 
Methods will be transferred / provided by GMIT and AWI. 

Development of hatchery protocol 

On the basis of laboratory scale procedures, a full hatchery protocol from broodstock collection and 
spawning, to fertilisation, larval rearing and settlement and nursery on-growing to size for stocking will be 
written as a collaborative effort by AWI, WiCoAb, UNESP, GMIT to allow upscaling of production of sea 
cucumber seed.  
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Figure 7.3.a: Hatchery production process for sea cucumber seed in schematic representation. 
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Case Study participants and stakeholders:  

Research Partners: 

IVL, Swedish Environmental Research Institute (#27, Sweden) - lead  

EMBRAPA, Empresa Brasileira de Pesquisa  Agropecuaria/EMBRAPA (#2, Brazil) 

GMIT, Galway Mayo Institute of Technology (#14, Ireland) 

UNE, University of New England (#29, USA) 

UNAM, University of Namibia (#15, Namibia) 

Industry Partners: 

BoHu, Bohus Havsbruk AB (#36, Sweden) 

CPS, Cartron Point Shellfish (#32, Ireland) 

PRIMAR, Primar Aquacultura LTDA (#30, Brazil) 

IRG and other stakeholder groups: 

Ostramar – Camares Camaroes Marinhos LTDA (Brazil)  

Ostrea Aquaculture (Sweden) 

Orust Shellfish (Sweden) 

Bohus seaculture (Sweden) 

Kalvö ostron (Sweden) 

Johan Carlsten oysters (Sweden) 

Bryggudden (Sweden) 

Marine taste (Sweden) 

UFRN Federal University of Rio Grande do Norte (Brazil) 

UFSC Universidade Federal de Santa Catarina (Brazil) 

UFPR Federal University of Parana (Brazil) 
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Gantt Chart  
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CS Task 8.1 Hatchery production of native oysters & techniques for local production of tetra- & triploid selectively breed Pacific oysters
A new food regime for C. gasar

A new conditioning protocol for C. gasar

A new protocol for water improvements in 
small-scale oyster hatcheries using 
estaurine water

Tech-transfer for production of tetra- and 
triploid Pacific oysters

A new production protocol for flat oyster 
spatting pond production

A new protocol for enhanced survival of 
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nursery systems
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CS Task 8.3 Developing new, and adjusting existing, culture techniques/grow out systems to native oyster species and local culture conditions. 
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Introduction 
Oysters are highly nutritious and are considered to be an ecologically sustainable food source and are 
consequently cultured extensively in many regions (e.g. Asia, North America and Europe). However, in areas 
such as Brazil and Scandinavia, oysters are currently underutilised despite a high market demand and great 
interest from the aquaculture industry. Moreover, the recent challenges related to pathogen outbreaks 
experienced by the European and Australian oyster industry reflects the importance of diversification of the 
oyster industry to increase resilience and adaptation potential to climate change, a topic of high relevance 
that may impact global food security significantly. The activities in CS8 are based on hurdles identified by 
industry partners jointly with CS8 partners and are described in the following sections. The challenges differ 
between geographical region and between species but it is apparent that many questions are shared 
between emerging industries in Brazil and Scandinavia. Examples are the need/will to diversify production 
to native species, lack of seed for native species and a need to adjust existing grow out techniques to native 
species and local conditions. 

Overall, access to flat oyster seed (Ostrea edulis) is a bottleneck for the European oyster industry, and also 
for restoration projects aiming to enhance the population of wild flat oysters. Cartron Point Shellfish Ltd in 
Ireland, one of AV full industry partners, is one of only a handful of oyster hatchery production facilities 
currently operating and producing commercial quantities of O. edulis spat. The extensive knowledge 
obtained at the hatchery for many years is available for transfer to relevant stakeholders, and the industry 
tech-transfer must therefore be enhanced. Moreover, the Swedish oyster industry relies on the successful 
settlement and collection of natural occurring oyster larvae. Since the establishment of the Pacific oyster (C. 
gigas) approximately ten years ago, seed of the native flat oyster is outcompeted by Pacific oyster seed on 
sea-based collectors when using traditional protocols for seed collection. The Pacific oyster seed cannot be 
used for production due to the species status as invasive unless hatchery produced triploid spat is used. 
Moreover, fouling species, e.g. calcifying worms, cause issues with product quality and affect economic 
sustainability negatively. The industry which is based on suspended culture systems also faces challenges 
with social carrying capacity as the suspended systems are considered as “visual pollution” and are lacking in 
efficiency as the systems were originally developed for blue mussel longline culture.  

In Brazil, oyster production is linked to three Crassostrea species: two native species, C. gasar (=C. brasiliana) 
and C. rhizophorae, and the Pacific oyster. Approximately 1/3 of the oyster production is from fisheries and 
the rest from aquaculture. The aquaculture production is based on Pacific oysters (90% of the production) 
while the fisheries include 40% native species, leading to overexploitation of natural stocks. The cultivation 
of Pacific oysters is restricted to a few regions with colder seawater temperatures since higher temperatures 
throughout the year can compromise growth and survival of the species. Thus, the expansion of oyster 
farming in the tropical regions is linked to domestication and the development of technological basis for 
native species. The bottom oyster C. gasar, target species in this study, stands out among the potential native 
candidate species since it reaches larger sizes than C. rhizophorae and it has been successfully farmed along 
the Brazilian cost. Oyster seeds are produced in hatcheries or collected in estuaries. Grow-out systems are 
based on systems used internationally without comparisons or adaptations to local conditions. The Primar C. 
gasar oyster seed hatchery started operating in 2014, having already produced over 2.5 million seeds. Primar 
is an AV full industry partner. The hatchery is small and designed to produce 6 million seeds per season (6-
month summer period from November to April). The hatchery is at the beginning of C. gasar domestication 
and there is a need to enhance larvae and seed survival and improve seed quality. Improvement of water 
quality and larvae feeding are the most important issues for the development of the hatchery and 
subsequent production of the species. 
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Moreover, Pacific oysters have been commercially farmed in Namibia since the late 1980s, with juvenile 
oysters imported from Chile. Currently, oyster seed are produced locally and sold to commercial farmers.  
The local market of oysters is still not well developed, resulting in most oysters being exported to Europe, 
South Africa, and Asia, with Hong Kong and China being the most important importers and consumers of 
Namibian oysters. Similarly, the market for oysters in Scandinavia and Brazil is underdeveloped due to lack 
of tradition of utilizing this resource and a mismatch between consumer preferences and products offered. 

The oyster industry on the US west coast has experienced a recent expansion yet the industry is still mainly 
based on small scale family farms and is struggling with several challenges relating to oyster mortality and 
food safety. During the expansion process, many valuable lessons have been learnt and several different 
grow-out systems are now in use. The role of north American partners in CS8 is to contribute with information 
about lessons learn, status and future challenges for oyster production in the US to keep AV partners up to 
date with the current knowledge in the US. The US partners will also participate in the discussion on 
challenges, solutions and development of oyster production in the Atlantic region.  

The main obstacles identified by the project participants in CS8 are thus related to low and/or inconsistent 
seed availability, suboptimal culture systems not adapted to local conditions, and low economic sustainability 
as a consequence of epibiont fouling. There are also policy and market constraints in some regions. 

Objectives 
To address these hurdles, CS8 aim to 1) increase availability of spat of native and underutilized oyster species 
in Brazil and Scandinavia and 2) improve economic sustainability of oyster culture in these regions. This is 
done by addressing three specific objectives: 

1. Develop hatchery production of native oysters and techniques for local production of tetra- and triploid 
selectively bred Pacific oysters. 

2. Evaluate alternative techniques and develop new protocols for collection of wild settled oyster spat 
targeting native oyster species in Scandinavia and Brazil. 

3. Develop new, and adjusting existing, culture techniques/grow out systems to native oyster species and 
local culture conditions.  

I addition, CS8 will work closely with WP5 and WP7 to address market challenges and to integrate CS8 results 
into cost-benefit analysis of seed production techniques for industries of different scales. 

Description of work 

The work in CS8 is divided into three tasks, each addressing one of the specific objectives. In each task a 
number of sub-tasks are included. An illustration of the tasks and sub-tasks is presented in figure 8.a. 
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Figure 8.a: Overview of tasks in CS8. 

CS Task 8.1: Hatchery production of native oysters & techniques for local production of tetra- 
& triploid selectively breed Pacific oysters (IVL, EmBraPa, PrAq, GMIT, CPS) 

CST8.1 aims to increase availability of spat of native and underutilized oyster species in Brazil and Scandinavia 
by developing hatchery production of native oysters & techniques for local production of tetra- & triploid 
selectively breed Pacific oysters. CST8.1 includes three sub-tasks deconstructed into six specific activities. 
The original number of activities was five but based on discussions with members of the IRG an activity 
related to nursery systems was included after the initiation of the AV project. The activities are designed to 
support task 1.1-1.4 in the DoA. A graphical illustration of activities included in CST8.1, their time frames (also 
stated in the Gantt chart above) and expected outcomes is available in figure 8.1.a. The main outcomes will 
be: 

• A new food regime for C. gasar 
• A new conditioning protocol for C. gasar 
• A new protocol for water improvements in small-scale oyster hatcheries using estuarine water 
• A new protocol for enhanced survival of flat oyster seed using small-scale, low-tech nursery system 
• A new production protocol for flat oyster spatting pond production 

To address the different needs identified in different parts of the Atlantic related to development of new 
hatchery protocols for native oyster species, different approaches have been adopted in Brazil and Europe.  
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Figure 8.1.a: graphical illustration of activities included in T.8.1. The colours correspond to the activities described below. Green: Larval 
diet, orange: water quality, yellow: conditioning, pink: triploid seed, purple: spatting-pond production and blue: nursery systems. 

To address the barriers experienced in Brazil related to the native C. gasar, AV full industry partner PRIMAR 
and research partner EMBRAPA will work on development of an optimised larval diet based on native 
microalgae species, water quality improvements and conditioning protocols for the species. 

• Development of a larval diet for C. gasar will be based on samples of native microalgae obtained from 
culture ponds located at the Primar facility. The algae will be identified by species and isolated and culture 
trials will be performed in order to evaluate suitability of the different microalgae species in hatchery 
production. Species that perform well during the culture trials will be analysed for nutritional suitability 
as larval feed, including fatty acid composition. The results will be summarised as a protocol describing 
food optimization for enhancement of hatchery production of C. gasar. Lead: PRIMAR, AV partner: 
EMBRAPA, external partner: UFSC. 

 
• The effect of water quality on hatchery production of C. gasar will be evaluated and a protocol for 

improved water treatment of estuarine water for hatchery production will be developed. To achieve this 
the current hatchery structure (based on a flow through system) will be modified according to the 
principles of a semi-RAS system. The improvements in water quality will be evaluated by comparing 
hatchery success from after system modification with before system modification and through 
quantifications of Vibrio presence in the system. The results will be summarised as a protocol describing 
methods to enhance hatchery production of C. gasar. Lead: PRIMAR, external partner: UFPR. 

 
• To develop a protocol for maturation and conditioning using salinity manipulation for C. gasar, existing 

data will be combined with lab trials. Based on existing data from previously performed studies of annual 
reproduction patterns in C. gasar, a prototype model for condition will be developed. The model will be 
used to design a manipulative lab experiment where different conditioning protocols based on salinity 
manipulation will be evaluated using histological monitoring of maturation cycles. During autumn 2019, 
EMBRAPA will establish a new hatchery facility (not included in the AV project). The facility will then be 
used to perform the lab experiment. The information will be used to developed a protocol for conditioning 
of C. gasar. Lead: EMBRAPA, AV partner: PRIMAR, external partner: UFSC. 
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To address the barriers experienced in Europe related to the native O. edulis, AV research partners IVL 
(Sweden) and GMIT (Ireland) and AV full industry partners Bohus Havsbruk (Sweden) and Cartron Point 
Shellfish (Ireland) will be working on developing protocols for spatting pond production of O. edulis. The 
work is based on a theoretical protocol developed in a previous project by IVL. The prototype protocol will 
be evaluated using knowledge and data from oyster seed production at Cartron Point shellfish, refined and 
then tested by IVL and members in the IRG. Data for protocol evaluation and refinement include both records 
of practical activities and measurements of abiotic and biotic conditions at the ponds as well as oyster larvae 
densities and settlement success. The protocol development will follow the spiral development model with 
prototype testing by industry and validation after adjustments. Lead: IVL, AV partner: GMIT, BoHu, CPS, 
external partner: IRG.  

Moreover, to address the need for tech-transfer to initiate local production of triploid Pacific oyster spat 
using tetraploid broodstock, a practical guide for initiation of this kind of activities will be included in the best 
practises report in WP1. The guide will be based on a literature review, grey literature and industry know-
how and aim to facilitate the process of production of tetraploid broodstock and triploid seed using industry 
tech-transfer between Irish and Swedish partners. Lead: GMIT, AV partner: IVL, BoHu, CPS, external partner: 
IRG.  

Finally, during consultations with IRG members, low tech nursery systems were raised as a barrier in need of 
exploration. IVL therefore agreed to extend their activities to include an IRG lead activity related to 
development of low-tech nursery systems for O. edulis seed. The activity will be based on seed acquisition 
by farmers, tech-transfer and scientific advice from IVL and controlled field experiments where possible 
alternatives of nursery system solutions identified by the IRG is evaluated. The information will be used to 
develop recommendations for efficient management of the O.edulis nursery stage. Lead: IRG, AV partner: 
IVL. 

CS Task 8.2: Evaluation of alternative techniques and development of new protocols for 
collection of wild settled oyster spat targeting native oyster species in Scandinavia and Brazil 
(IVL, GMIT, EmBraPa) 

CST8.2 aims to increase availability of spat of native and underutilized oyster species in Brazil and Scandinavia 
by evaluating alternative techniques and develop new protocols for collection of wild settled oyster spat 
targeting native oyster species in Scandinavia and Brazil. CST8.2 includes three sub-tasks each containing one 
activity. The activities are designed to support task 1.2, 1.3, 1.5 and 3.2 in the DoA. A graphical illustration of 
activities included in CST8.2, their time frames (also stated in the Gantt chart above) and expected outcomes 
is available in figure 8.2.b. The utilisation of oyster seed from wild settlement of oyster species poses an 
opportunity for both new industry actors and established enterprises when no reliable hatchery production 
of the target species exist, e.g. for emerging species or in areas where oyster aquaculture is developing. 
CST8.2 therefore aims to evaluate both existing processes and technologies across the Atlantic area, and to 
refine these processes, to ensure a higher capture of target species and develop and implement robust and 
new technology and methods in order to create and develop a critical mass of seed production with industry. 
The main outcomes will be: 

• A new protocol for sea based native oyster spat production   
• A new software for automatic identification of oyster species 
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Figure 8.2.a: Graphical illustration of activities in CST8.2. The colours correspond to the activities described below. Green: substrate 
test, yellow: protocol development, orange: species identification software. 

The substrate specific settlement preferences of native species in Brazil and Scandinavia relative to non-
native oyster species will be evaluated by deployment of different substrates during the main recruitment 
period of the native species. The success of the different substrates will be compared to already existing 
techniques such as coupelles (lime covered plastic discs used as substrate for seed settlement in the oyster 
industry in e.g. France). The proportion of native vs. non-native spat will be determined using visual 
inspection and/or genetic analysis. The best substrates identified in small scale field research trials will be 
evaluated at industry scale. Similar trials will be performed in both Sweden and Brazil. Lead: EMBRAPA, AV 
partner: IVL, external partner: IRG.  

A protocol for production of native oyster spat using sea-based seed collectors will be developed. This will 
be achieved by evaluation of the effect of collector placement on recruitment success. Controlled field trials 
will be performed using coupelles (Sweden, Brazil, Ireland) or cultch (Ireland) deployed during the main 
recruitment period of the native species. Aspects to be evaluated include e.g. geographical area, depth, and 
deployment mode. The proportion of native vs. non-native spat will be determined using visual inspection 
and/or genetic analysis. The results will support development of a prototype protocol for targeted collection 
of native species using sea-based collectors. The protocol will then be evaluated at industry scale. Similar 
trials will be performed in both Sweden and Brazil. Lead: IVL, AV partner: EMBRAPA, GMIT, external partner: 
IRG. 

To facilitate acquisition of oyster seed of a specific, targeted species, we will develop an algorithm for 
automated spat identification as a first step towards achieving automated species sorting of spat obtained 
using sea based collectors. Oyster seed of different species will be obtained from the field based trials in the 
other sub-tasks in CST8.2. A subsample of the seed will be photographed and determined to species using 
visual inspection and/or genetic analysis. The species identification algorithm will be based on neural 
networks, and the images of spat of different species will be used to train the system. The system will be 
developed for oyster species in Sweden with the ambition to include also samples from Brazil (yet to be 
determined). Lead: IVL, AV partner: EMBRAPA, external partner: IRG. 
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CS Task 8.3: Developing new, and adjusting existing, culture techniques/grow out systems to 
native oyster species and local culture conditions (EmBraPa, IVL, BoHu) 

CST8.3 aims to improve economic sustainability of oyster culture in Brazil and Scandinavia by developing 
new, and adjusting existing, culture techniques/grow out systems to native oyster species and local culture 
conditions. CST8.3 includes three sub-tasks each containing one activity. The activities are designed to 
support task 2.2 in the DoA. A graphical illustration of activities included in T.8.3, their time frames (also 
stated in the Gantt chart above) and expected outcomes is available in figure 8.3.a. The grow out of native 
oysters is the period of time which requires the greatest effort and time on the part of the grower. CST8.3 
aim to evaluate the current status of technology of both existing and new technologies for the on-growing 
of oyster species across the Atlantic area. This task aims to innovate and adapt existing growing methods and 
technology as well as implement newly developed systems in the working environment. As CS8 covers the 
whole value chain of production the quality of the end product is also taken into consideration by 
development of protocols to eliminate fouling species on the shells of market ready oysters. The main 
outcomes will be: 

• Recommendations of oyster grow-out systems for Scandinavia and Brazil including adaptation of 
existing techniques and newly developed systems 

• New culture system for oysters 
• A new protocol for heat treatment of fouling on oysters 

 
Figure 8.3.a: Graphical illustration of activities in CST8.3. The colours correspond to the activities described below. Green: evaluation 
and adjustment of existing techniques, yellow: development of new techniques, orange: fouling treatment protocol. 

The evaluation of alternative grow-out systems in Sweden and Brazil will be based on existing systems used 
in other regions around the Atlantic and existing systems adopted in Northeast Brazil. Knowledge of system 
alternatives and of pros and cons with each system will be provided by UNE and CS8 partners, and members 
from the IRG will select what systems to evaluate further in local growth trials using native oyster species. 
System performance will be evaluated through hands on experiences from IRG members, observations of 
fouling, growth data, and oyster survival. The need for system modifications will be identified by IRG 
members trying the systems out and made when necessary. Lead: EMBRAPA, AV partner: IVL, BoHu, external 
partner: IRG. 
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New grow-out systems adapted to local conditions will be developed and evaluated using growth trials with 
native oysters. Production capacity, costs and time requirements for husbandry and system maintenance will 
be compared to traditional culture systems. Lead: BoHu, AV partner: IVL. 

A protocol will be developed for fouling treatment of cultured oysters to improve product quality through 
management of fouling epibiont species such as calcifying worms (Pomatoceros triqueter). Lab trials including 
a range of different temperatures and exposure times will be used to evaluate the effects of heat treatment 
on fouling organisms on oysters. The experiment will be repeated during different seasons to account for 
seasonal differences in temperature tolerance of the oysters and fouling organisms. The results will be 
complied into a protocol for use at industry scale. Lead: IVL, AV partner: BoHu. 

 
WP related activities 
CS8 will aim to supply data for: 

• cost-benefit analysis of hatchery production of oyster spat and collection of wild spat to identify the 
most economically valid technique in regions with emerging oyster production. This will be achieved 
through quantification of costs associated to hatchery production of seed and sea-based collection 
of spat, which will subsequently be analysed to identify the most economically valid techniques for 
spat production. The work will be done in collaboration with WP7. 

• cost-benefit analysis of improved anti-fouling treatments. The costs associated to fouling treatment 
will be quantified for later cost-benefit analysis of the value of fouling treatment in relation to the 
increase in product value. The work will be done in collaboration with WP7. 

• analysis of consumer acceptance and market potential of new oyster species and products. In some 
areas around the Atlantic (Namibia, Brazil and Scandinavia), the local market of oysters is still not 
well developed. To enhance consumption of oysters in these areas, consumer preferences and 
market potential of different products must be explored. In Brazil and Namibia, this will be explored 
using customer questionnaires (internet based for a regional context and interview based for a local 
context) aimed at different stakeholder groups (the public, companies buying directly from 
producers, restaurants and more) to establish what type of product the consumers want (in terms 
of appearance, size, taste and more). The work will be done in collaboration with WP5. 
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Case Study participants and stakeholders:  

Research Partners: 

Abbreviation, Name of entity (#partner number; Country) - lead 

DTU, Technical University of Denmark (#7; Denmark) 

IVL, Swedish Environmental Research Institute (#27; Sweden) 

GMIT, Galway Mayo Institute of Technology (#14; Ireland) 

UNE, University of New England (#29; North America)  

Industry Partners: 

CPS, Cartron Point Shellfish (#32; Ireland) 

BoHu, Bohus Havsbruk AB (#36; Sweden) 

IRG and other stakeholder groups: 

Musholm A/S (Denmark) 

Kerteminde Muslinger IVS (Denmark) 

SUBMARINER network (Germany) - coordinating the Mussels Working Group which works to promote 
sustainable mussel farming in the Baltic Sea Region.  
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Introduction 

The main obstacles identified by the project participants in CS9 are 1) identification/modification of 
technologies to produce blue mussels in exposed areas both near shore and offshore 2) to ensure stable and 
cost-efficient supply of recruitments of larvae/spat and 3) biofouling by calcifying worms. Other obstacles 
were also indicated by the project participants and included economic analysis, which will be carried out in 
D 7.2 in WP7 but also CO2-footprint analysis, which will be carried out in the Cross-Cutting CS – Use of by-
products. Furthermore, maritime spatial planning has also been identified as an interesting perspective for 
the production of mussels in exposed areas. 

Objectives 
The main objective is to identify cross-country technology challenges for establishment of production of blue 
mussels in exposed areas with the main focuses on: 

Specific objectives are: 

• Development an easy to operate hatchery protocol for mussel seed production to ensure stable and cost-
effective supply of seed for mussel production in exposed areas.  

• Modification of two novel production technologies (“tube and net system” and “classical Spanish 
platform”) to exposed conditions by modifying the tube-and-net system to be submergible and test the 
newly developed platform made of concrete and steel (https://rdconcrete.com/project/openmode/) in 
exposed areas.  

• Develop a field-based non-toxic antifouling treatment of calcifying worms on blue mussels.  

Description of work 
Case study 9 consists of four tasks with very little direct interconnections between the tasks beside Task 9.1 
and Task 9.2, which are interlinked by the development of a hatchery protocol for blue mussel seed 
production (Task 9.1) and the documentation of the grow-out of the hatchery produced mussel seeds (Task 
9.2) in both Ireland, Denmark and Sweden. In Task 9.3 two different novel mussel production technologies 
(submerged tube and net system and platform) with be modified and tested in different exposed areas in 
Denmark in close collaboration with two mussel farmers from the IRG. In the final task (9.4) a field-based 
anti-fouling equipment will be developed as well as a protocol with effective temperature and exposure time 
procedure for an effective treatment of calcifying worms on blue mussels. The field-based non-toxic 
antifouling treatment will be tested by a mussel farm.  

CS Task 9.1: Hatchery protocol for blue mussel seed production (DTU, CSP, GMIT, IVL, BoHu) 

A blue mussel seed hatchery protocol easy to operate will be developed in task 9.1 and is based on an initial 
protocol developed by CSP for a high-technology hatchery production (Figure 9.1.a). The protocol with 
modifications will be run three times during the project period. First in Ireland at CPS’s hatchery including 
proper training of DTU staff at the CPS hatchery (year 1), then modified to the DTU hatchery setup (year 2) 



Case Study 9 – Work Plan 
Offshore production of blue mussels 

 

 115 

and then finally run in Sweden by IVL and BoHu to be tested by a mussel farmer (year 3). See Figure 9.1.a and 
Gantt diagram for details for the planned timeframe during the entire project time.  

 

Figure 9.1.a: Graphical abstract of task 9.1. and 9.2.  

Collection of background production information on blue mussel production, identification of hatchery 
requirements, industry challenges and needs will be carried out by CPS and GMIT. The hatchery protocol will 
be initiated by CPS and GMIT and will include the following overall steps:  

• Identification of fecund adult mussel sites  
• Longline (sea based) retrieval from sea-bed 
• Hatchery and algal room preparation 
• Inspection of adult blue mussels mid – end September 
• Successful retrieval of fecund animals spawning will begin on a trial basis prior to mass spawning  
• Winter spawning of blue mussels at CPS 
• On-growing of settled post larvae 
• Cost analysis of hatchery derived mussel seed and different size grades 
• On-grown mussel spat will be transferred to the sea site for on-growing on lines and droppers 

(Dependant on growth rates in nursery for transfer date. This will be updated closer to the time) 

Furthermore training/knowledge transfer of DTU hatchery manger during hatchery/nursery stage at CPS will 
take place. DTU will then make potential modification of CPS hatchery protocol to fit the DTU hatchery setup. 

Work plans for year 2, 3 and 4 (see Gantt diagram for details):   

In year 2 the hatchery protocol developed by CPS and GMIT will be run by DTU within the DTU hatchery and 
subsequently data analyses and a final protocol will be ready to be tested in Sweden in year 3. IVL and BoHu 
will test the final hatchery protocol in Sweden and all partners (DTU, CPS, GMIT, IVL, BoHu) will in corporation 
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cost the viability of hatchery production of mussels for the wider mussel industry. Year 4 is kept as a backup 
year if e.g. failure in larvae settlement occur.  

CS Task 9.2: in-situ seed growth (DTU, CPS, GMIT) 

Task 9.2 in-situ seed growth of the hatchery produced mussel spat is closely linked to task 9.1 (Figure 9.1.a). 
It mainly consists of monitoring of the transferred mussel spat. CPS, GMIT and DTU will monitor e.g. biomass 
(kg/m), shell length, number of seeds/m. over the growth seasons at the grow-out locations in Ireland and 
Denmark. CPS and GMIT will transfer mussel seeds to on-growing sites in Galway Bay, Ireland in Spring 2020. 
Followed by the documentation of the growth of the mussel spat.  

Work plans for year 2 and 3 (see Gantt diagram for details):   

In year 2 CPS/GMIT will continue monitoring of CPS reared mussel seed growth-out performance in Galway 
Bay, Ireland. The DTU hatchery produced mussel seeds will be transferred to the DTU mussel farm located in 
the Limfjorden, Denmark for grow-out and biomass monitoring will be initiated subsequently. The biomass 
monitoring of DTU reared mussel seeds will continue in year 3. DTU, CPS and GMIT will deliver the final 
reporting of task 9.2 in year 3. Year 4 can be used as a back-up if any failure in producing hatchery produced 
mussel seeds are occurring, which will then delay the final reporting to year 4 if any delays will occur.  

CS Task 9.3: Modification of novel production systems for mussel production in high-energy 
areas (DTU) 

Settling of blue mussel larvae in Denmark is in spring, hence it was not possible to initiate any experimental 
work before spring 2020 for task 9.3. Year 1 will therefore mainly focus on preparation, planning and 
modification of novel production systems to be ready to the coming mussel production season starting at 
the end of year 1 (See Gantt diagram for timeline). DTU will identify problems with mussel farming in exposed 
areas in Denmark, which will include meetings with Musholm A/S and Kerteminde Muslinger IVS from the 
IRG. The two companies have different challenges and interests in testing modified technologies (Figure 
9.3.a).  

o At Musholm A/S, standard technologies like tube and nets systems like Smartfarm or 
Easyfarm cannot withstand the conditions at the exposed sites, where Musholm’s mussel 
farm is located. Musholm A/S have therefore now a modified setup that are successful in the 
exposed areas.  

o Kerteminde Muslinger IVS are interested in testing the “Spanish platform” to prevent 
predation from eider ducks, since the structure in itself might prevent predation but else 
nets can be hung from the platform quit easily and at low costs compared to other methods.  

DTU will design of submerged tube and net system by modification of the “Musholm system“ by installation 
of three inner tubes in the main tube and engage/advice in the discussions of moorings and deployment and 
licensing of the platform at Kerteminde Muslinger IVS. In Spring 2020, two submergible tube and net systems 
will be developed and one will be deployed at Musholm and the other at DTU’s mussel farm. Furthermore, 
the platform will also be deployed in spring 2020 at the mussel farm in Kerteminde Bay.  
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Figure 9.3.a: Graphical abstract of task 9.3.  

Work plan year 2 and 3 (see Gantt diagram for details):  

In year 2 DTU will document mussel growth (biomass, shell length, number/m) of mussels settled on the 
modified production systems in exposed areas as well as implement potential minor modifications of the 
submerged tube and net system if needed. The documentation of growth of mussels settled on the modified 
production systems in exposed areas will be finalised in year 3 by DTU and final reporting and documentation 
of task 9.3 will also be provide in year 3. Year 4 is kept as a backup if any failure in producing larvae 
settlement, production systems etc. will occur within the first 1-3 year.  

CS Task 9.4: Heat-based anti-fouling methods (IVL, BoHu)  

Development of a heat-based anti-fouling treatments will be evaluated using lab trials for evaluation of 
effects of heat treatment of fouling organisms on mussels (Figure 9.4.a). A range of different temperatures 
and exposure times will be evaluated. The most promising treatments will then be evaluated in field 
conditions at industry scale. IVL will prepare, plan and design of lab-experiments to test different 
temperatures and exposure times as antifouling treatment of calcifying worms on blue mussels, resulting in 
a protocol for heat-based anti-fouling treatment. Furthermore, IVL will in corporation with BoHu plan, 
prepare and initiate a monitoring program for occurrence of fouling organisms in the field.  

Work plan year 2, 3 and 4 (see Gantt diagram for details):  

IVL and BoHu will develop and build a sea-based heat-based antifouling system, which will be tested at 
BoHu’s facilities in year 2 and 3. The testing of the equipment will be include the heating treatment protocol 
developed by IVL and BoHu in year 1. Final reporting, protocol and sea-based anti-fouling system will be 
finalised in year 4 by IVL and BoHu  
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Figure 9.4.a: Graphical abstract of task 9.4.  
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Introduction 
Arapaima gigas (pirarucu) is a new candidate species for aquaculture development in the tropic 
environments. This air-breather freshwater fish can growth >10 kg in one year and can adapt to different 
production systems (i.e. net cages, earthen ponds, circular tanks). The pirarucu meat lack intramuscular 
bones and is largely appreciated in South America and overseas (Mueller, 2006). With wild stocks severely 
depleted due to the illegal fisheries, and the industry development being hindered by the unreliable 
reproduction of the species in captivity, this case study will research applied aspects of its reproductive 
biology to develop a protocol for controlled spawning. 

In Brazil and over the Amazon region, captive reproduction of A. gigas is stimulated after maintaining couples 
in earth ponds where their reproduction can naturally occur, generally along the rainy season from 
November to May, though failing in regularity, consistency and efficiency grounds. Over the past 10 years, 
several advances have been made to optimize reproduction of A. gigas, including the development accurate 
tools for sex identification (Chu-Koo et al., 2009; Torati et al., 2016) and cannulation technique (Torati et al., 
2019) to monitor gonadogenesis in females. So far, few experiments aimed to stimulate reproduction of 
couples using hormonal therapies and no experiment attempted to induce reproductions of A. gigas by 
simulating environmental cues present when fish reproduce in their natural environments. Also, there is no 
report of gamete collection in A. gigas or attempts (neither scientific nor commercial) to promote artificial 
fertilization as the system used for many other finfish species. This in part can be explained by the several 
practical limitations for managing, transporting and handling large-sized broodstock (> 25 kg) of the species. 
Such limitations include their air-breathing behavior which require intense care when handling fish, and their 
thick body wall that poses difficulties for stripping fish for gametes collection. 

Colossoma macropomum (tambaqui) is the second most produced fish species in Brazil with 137,000 tons 
produced in 2016 (Cavararo, 2016) along with tambaqui hybrids (with Piaractus mesopotamicus – Tambacu 
and with Piaractus brachypomus - tambatinga). Its meat mainly consumed in North and Midwest Brazil and 
there is a considerable national and international potential for expansion considering protein diversification 
and new omega-3 source (Almeida et al., 2016). However, there are still key bottlenecks to scale up 
production. A) Production of sterile fish could improve growth while reducing environmental impacts caused 
by accidental introductions of captive fish and hybrids in the wild. Also, B) the presence of intermuscular 
bones impedes fillet production and the opening of new market niches. 

A) Among the potentially applicable chromosome manipulation biotechnologies, polyploidy is a promising 
alternative to increase fish production by the Brazilian aquaculture industry, as well as being an advantageous 
option in the production of sterile organisms, which enables production of exotic fish species in every region 
of the country, and prevents genetic contamination of farmed fish when reared in open waters (net cages). 
Triploidy is induced through a process that forces the retention of the second polar body. The processes 
range from temperature shocks, hydrostatic pressure and even chemical products, which are applied soon 
after normal fertilization. The retention of the second polar body during the meiotic division of the fertilized 
eggs results in triploid individuals, where two sets of chromosomes are inherited from the mother and one 
from the father. Triploid fish are generally sterile due to the absence of gonadal development caused by the 
incompatibility of chromosomal sets. It is precisely the characteristic of sterility that catches the industry's 
interest in large-scale triploid tambaqui, as the early maturation of males causes growth reduction in the 
species. In addition, triploid fish culture may be beneficial for a number of reasons, including the potential 
for higher growth rates, increased carcass yield and meat quality, profile and mobilization of fatty acids. 
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Although the tambaqui C. macropomum is the main native species farmed in Brazil, an efficient protocol for 
their triploid induction, with high larval survival rates, has not yet been developed. 

B) The presence of intermuscular bones (IBs) has a notable negative economic impact on the tambaqui 
production chain. In this sense, one of the main goals of the agroindustrial processing sector is the removal 
and/or fragmentation of bones, calcified ligaments, and neural, pleural (ribs), and radial bones from the fish 
carcass to display and market fillets and by-products as whole as possible and free from hard structures that 
compromise the fish yield and consumption. Since the 1990s, dozens of studies on IBs have been conducted 
to better understand the evolution and homology of this trait in more than 125 teleost species. IBs are absent 
in upper teleosts, whereas the presence and variation of this structure have been shown to be a residual trait 
of evolution in the lower teleosts, which include the cyprinids and Characiforms. In theory, IBs in fish help 
support and strengthen muscles. However, in grass carp, the genetic control mechanisms of the development 
of the IBs and the axial/caudal skeleton are very different, with IB-deficient mutants showing normal 
movement and body support. In addition, in tambaqui, some IB-deficient animals of reproductive age were 
found in fish farms in the Amazon region. Given this evidence, IBs can be controlled by genetic selection 
programs and using gene inhibition techniques for the purpose of reducing or eliminating them without 
serious losses in zootechnical performance. For Asian aquaculture species, a breadth of scientific knowledge 
already exists for the morphological characterization and segregation of IBs with the objective of reducing 
their number for incorporation into breeding programs. Recently, Megalobrama amblycephala, which is a 
species with extremely high economic value in China, has been extensively studied to clarify the genomic 
mechanisms underlying the formation and development of IBs for the purpose of obtaining IB-deficient 
animals. The opportunity to understand the role of genes in the formation of IBs arose after the study of 
ontogenetic development of post-larvae and fingerlings of these species through the clearing technique, 
which is a clearing and staining procedure specific for bones and cartilage. The result of this research was 
considered a shift in the experimental paradigm, as it was possible to identify the period of morphogenesis 
and the association of IBs with fish growth. These findings offered a range of possibilities for studies on the 
identification of molecular mechanisms and the use of genetic technologies to inhibit IB formation. 

Objectives 
The main objective of CS10 is to sustainably scale up tambaqui and pirarucu production in the short, medium 
and long-term.  

Specific objectives: 

• Develop / optimise protocols for captive reproduction of the new species Arapaima gigas 
• Produce triploid C. macropomum to increase industry productivity and/or minimize environmental 

impacts; 
• Understand the development of the Y-bones in C. macropomum and apply information for future 

selectively breeding programs in the species. 

Description of work 
In short, CS10 will design, plan and conduct trials aiming to optimize existing protocols used for the captive 
breeding of A. gigas at the experimental facilities of Embrapa Fisheries and Aquaculture, Palmas-TO (Brazil). 
It will also plan, develop, and identify an optimal protocol for production of triploid sterile tambaqui C. 
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macropomum at Embrapa Occidental Amazon using temperature/pressure shocking (high and low 
temperatures; or different de pressure intensities), and evaluate this protocol under farm conditions and 
different climate zones of Brazil. Altogether, CS10 will also produce different families of C. macropomum 
through artificial fertilization, rear these families from larvae to one-year-old at a RAS system, collect samples 
(individuals) for morphological analyses (diaphanization and X-Ray) and characterise the development of the 
intermuscular bones along development. 

CS Task 10.1: Optimization of captive reproduction of pirarucu (A. gigas) (EMBRAPA, UNESP) 

This task aims to develop / optimize protocols for the captive reproduction of the giant, obligate air-breather 
A. gigas. Figure 10.1.a summarises the work plan for task 10.1. 

Together, EMBRAPA and UNESP will select, contact and develop a stakeholder group specialized in 
reproduction of pirarucu. This involves the prospection of current used technologies/system and research 
needs by this particular SME group. Based on the needs and opportunities identified during stakeholder 
engagement, two experiments will be set up.  

A first trial (1) will be designed and set up by Embrapa and together with UNESP at the facilities of Embrapa 
Fisheries and Aquaculture (Palmas-TO). Trial 1 will involve the initial selection of broodstock from the 
Conservation Nucleus of Embrapa Fisheries and Aquaculture. Broodstock will be selected based on fish 
weight, size, condition factor, and stage of gonad maturation. In total, ten breeding earth ponds (180 m2) 
will be used for trial 1, which will aim to stimulate reproduction using GnRHa cholesterol implants. After 
implantation (5 couples implanted; 5 couples used as control group) the following reproductive parameters 
will be assessed: ovary development and plasmatic levels of sexual steroids (11KT, T and E2). Collected 
samples will be stored at Embrapa Fisheries and Aquaculture and transported to Jaboticabal-SP for analysis 
by UNESP. Based on the results achieved in trial 1, a parallel experiment will be developed at a stakeholder’s 
farm. This will be supported by three different farms working on the reproduction of Arapaima in North Brazil 
(Piscicultura Raça, Canabrava do Norte-MT; Fazenda Água Limpa, Aliança do Tocantins-TO and Hidrobios, 
Palmas-TO). 

In a second trial, EMBRAPA will develop a protocol on hormonal therapy at a stakeholder farm and at its own 
facilities. UNESP and Embrapa will also be responsible for the trial design and and supervision of trial 2. Trial 
2 will aim at a protocol for the collection of semen from five adult males using hormonal stimulation of 
spermiation. 

From January-May 2020 Embrapa and/or UNESP will analyse the laboratorial samples from trials 1 and 2. For 
Trial 1, data concerning ovarian development (percentage of complete vitellogenic oocytes, nucleus position 
and oocyte distribution profile according to diameters) will be correlated with gonadal steroid plasma 
concentrations to compare treated and control animals. Such analysis along with correlations and 
reproductive performance parameters (number of spawning, fecundity and reproductive behavior) will be 
used to evaluate GnRHa cholesterol implants efficacy. For trial 2, The effectiveness of the protocol will be 
evaluated based mainly on the possibility of obtaining semen in adequate volume for eventual artificial 
fertilization. Laboratory parameters such as sperm concentration and motility will be evaluated and 
compared between treated and control males. The feasibility of using implants will be evaluated through 
these analyzes, by comparing these parameters between groups. 

Based on the outputs of trials 1 and 2, more trials will be planned by Embrapa/UNESP aiming either to 
stimulate reproduction of couples maintained in earth ponds (in line with trial 1) and/or willing to develop a 
protocol for gamete collection (in line with trial 2). 
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Figure 10.1.a: Graphical abstract of task 10.1. 

CS Task 10.2: Large scale production of triploid tambaqui (C. macropomum) (EMBRAPA, 

Nofima) 

Set-up 

Although the tambaqui C. macropomum is the main native species farmed in Brazil, an efficient protocol for 
their triploid induction, with high larval survival rates, has not yet been developed. As triploid tambaqui could 
bring great advances for fish farming in Brazil and other tropical countries, this task will develop an efficient 
protocol for production of sterile triploid tambaqui for application in the industry (higher production) 
considering different climatic zones. Figure 10.2.a summarises the work plan for task 10.2. 

EMBRAPA will select and contact a key stakeholder in Amazonas State, interested in the application and 
production of triploid tambaqui. This involves traveling to this partner, evaluate the conditions and facilities 
for reproduction of the species and customize a laboratory for a first trial on triploid production. Embrapa 
staff will evaluate the gonadal condition of tambaqui broodstock from Embrapa Occidental Amazon to be 
used for gamete collection for triploid experiments. Embrapa staff will also prepare the reproduction 
facilities, the lab, be responsible for team management and the overall development of trial 1. 

Reproduction 

Mature females and males will be induced according to the routine of the laboratory by Embrapa. The 
oocytes from each female will be divided into 4 groups. 3 mL of oocytes from each group will be pipetted in 
polyvinyl chloride (PVC) container with a net at the bottom. The fertilization will be done with 150 μL of 
semen from one male per female. The gametes will be homogenized rapidly and activated with 300 mL of 
distilled water, at 28 ºC for 1 min (time 0). 

Polyploidy induction 

For each female, the same temperature will be applied on the eggs. The temperatures will be: 42ºC, 43 ºC, 
44 ºC, 45 ºC, 20 ºC, 22 ºC, 24 ºC. However, the three groups of fertilized eggs will receive the temperature 
shock for different times. The times of shock to be tested are: 2, 3 and 4 minutes. After the shock, the PVC 
containers will be rapidly placed on a polyethylene tank incubation system, maintained at 28 ºC. The 
remaining group will not receive the thermal shock, but maintained under the same conditions. Indexes as 
fertilization, hatching and survival will be estimated. 
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Analysis of polyploidy 

For the verification of triploidy, 20 larvae from each group will be used, including the control of each female. 
The ploidy analysis will be performed through flow cytometry for the relative DNA content, and later the 
comparison with diploid controls. Measurement of erythrocytes size will be performed in triploid and diploid 
fish in order to establish an easier, simpler and cheaper analysis to be used later. The protocol that induces 
the highest proportion of triploid tambaqui, with survival rates above 70%, will be considered our Prototype 
1 

For year 2, Embrapa and Nofima will aim at testing and improving the protocols for the production of large-
scale triploid tambaqui in Embrapa facilities. Following on year 3, this task will evaluate the performance and 
characteristics of triploid tambaqui reared in farms in the Amazon region (Prototype 2) and on year 4, the 
production and evaluation of triploid tambaqui in farms in other climate zones of Brazil (Tocantins State, 
Brazil). 

 

Figure 10.2.a: Graphical abstract of task 10.2. 

CS Task 10.3: Characterization of the intermuscular bone development of tambaqui (C. 
macropomum) (EMBRAPA) 

This task aims to characterize and evaluate the structural diversity of IBs in 10-month-old tambaqui 
specimens by X-ray imaging, to characterize the IB formation, development and diversification stages in 
tambaqui fingerlings 1 to 60 days after hatching through clearing for the following three stages identified 
during the clearing process: I - connective tissue + muscle without IBs, II - muscle tissue with partial IBs, and 
III - muscle tissue with complete and diversified IBs. The study results on the structural morphology and 
variability of IBs will help support tambaqui breeding programs in which selection for the reduction of IBs 
may be viable from the viewpoint of genetic gains. Figure 10.3.a summarizes the work plan for task 10.3. 

Three families of C. macropomum will be produced after artificial fertilization and kept at an RAS system at 
Embrapa Fisheries and Aquaculture (Palmas-TO). Individuals from these families will be collected starting 
one day after hatching. For this, animals will be anaesthetized and euthanized using the anaesthetic agent 
MS-222 (50 mg/mL). Samples of 50 individuals will be taken each day after larval hatching; the first half will 
be preserved in RNAlater, and the second half will be fixed in formaldehyde. Of the animals fixed in 
formaldehyde, a sub-sample of 10 individuals will be used for the clearing procedure (diaphanization), in 
which the animals will be subjected to clearing and enzymatic digestion (trypsin). After staining with Alcian 
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Blue and alizarin red, the IBs will be inspected to determine the ages or sizes indicated by the emergence and 
complete consolidation of IBs in the musculature of the fingerlings. After this phase, three development 
categories will be established (absent IBs, forming IBs, and fully distributed IBs). With this information, the 
samples preserved in RNAlater will be used for isolation of muscle + connective tissue and muscle tissue + 
IBs. The purpose is to obtain the following three types of samples: I - connective tissue + muscle without IBs, 
II - muscle tissue with partial IBs, and III - muscle tissue with complete and diversified IBs. This collection 
protocol for tissues at different stages of IB development will be based on studies with other species. Notably, 
a pilot experiment was conducted with promising results. 

For Year 2, tasks will include the capture and processing of images of cleared-stained fish (6 months) and X-
Ray (2 months); the analysis of images to acquire qualitative and quantitative information (6 months). For 
year 3, the following actions will be necessary: collection of quantitative data (3 months), statistical analysis 
and data interpretation (4 months), partial reporting of the ontogenetic development of the IB in C. 
macropomum. This detailed report will offer a range of possibilities for further studies aiming to identify 
molecular mechanisms underlying IB formation in C. macropomum, and thus help enable genetic 
technologies to inhibit IB formation. 

 
Figure 10.3.a: Graphical abstract of task of task 10.3. 

References 
Almeida, F. L., J. S. Lopes, R. Crescencio, A. C. U. Izel, E. C. Chagas, and C. Boijink. 2016. Early puberty of 

farmed tambaqui (Colossoma macropomum): Possible influence of male sexual maturation on 
harvest weight. Aquaculture 452:224-232. 

Cavararo, R. 2016. Produção da Pecuaria Municipal 2016, p. 1-51. Vol. 44 IBGE, Rio de Janeiro. 

Chu-Koo, F., R. Dugue, M. Alvan Aguilar, A. Casanova Daza, F. Alcantara Bocanegra, C. Chavez Veintemilla, F. 
Duponchelle, J. F. Renno, S. Tello, and J. Nunez. 2009. Gender determination in the Paiche or Pirarucu 
(Arapaima gigas) using plasma vitellogenin, 17β-estradiol, and 11-ketotestosterone levels. Fish 
Physiology and Biochemistry 35:125-36. 

Mueller, O. 2006. Arapaima gigas, market study, current status of Arapaima global trade and perspectives 
on the Swiss, French and UK markets. United Nations Conference on Trade and Development. 



Case Study 10 – Work Plan 
Freshwater fish production  

 128 

Torati, L. S., A. F. Lima, L. N. Ganeco-Kirschnik, and H. Migaud. 2019. Endoscopy and Cannulation as Non-
Invasive Tools to Identify Sex and Monitor Reproductive Development in Arapaima gigas. Copeia 
107:287-296. 

Torati, L. S., A. P. S. Varges, J. a. S. Galvão, P. E. C. Mesquita, and H. Migaud. 2016. Endoscopy application in 
broodstock management of Arapaima gigas (Schinz, 1822). Journal of Applied Ichthyology 32:353-
355. 

 

 

 

 



Case Study 11 – Work Plan 
Marine Fish Farming 

 129 

 

Content CS 11 

Content 129 

Case Study participants and stakeholders: 130 

Research Partners: 130 

Industry Partners: 130 

IRG and other stakeholder groups: 130 

Gantt Chart 131 

Introduction 132 

Objectives 132 

Description of work 132 

CS Task 11.1: Production of Brazilian flounder in RAS [use the exact same name used in progress report] 
(FURG) 132 

CS Task 11.2: Determine the protein requirement for juvenile Brazilian flounder [use the exact same name 
used in progress report] (FURG, CCMAR, CIIMAR) 133 

CS Task 11.3: Determine the protein sparing effect by lipid for juvenile Brazilian flounder (FURG, CCMAR, 
CIIMAR) 133 

References 133 

 

  



Case Study 11 – Work Plan 
Marine Fish Farming 

 130 

Case Study participants and stakeholders:  

Research Partners: 

FURG, Universidade Federal de Rio Grande (#3, lead CS 11, Brazil) - lead 

CCMAR, Centro de Ciencias do Mar do Algarve (# 20, Portugal) 

CIIMAR, University of Porto (#19, Portugal) 

Industry Partners: 

Guabi (Brazil) 

Altamar (Brazil) 

IRG and other stakeholder groups: 

Maricultura Costa Verde (Brazil) 

Preamar (Brazil) 

SEA8 (Portugal) 

Stolt Sea Farm (Spain) 

CUPIMAR (Spain) 

 



Case Study 11 – Work Plan 
Marine Fish Farming 

 131 

Gantt Chart  
Time plan AV CS11

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M
CS Task 11.1 Production of Brazilian flounder in RAS

Experimental design

Production of juveniles for growout trial

Growout trial

Evaluation of growth and general performance

Report on growout trial

CS Task 11.2 Determine the protein requirement for juvenile Brazilian flounder
Diet formulation and experimental design

Production of juveniles

Production of diets

Experiments

Analysis of results

CS Task 11.3 Determine the protein sparing effect by lipid for juvenile Brazilian flounder
Diet formulation and experimental design

Production of juveniles

Production of diets

Experiments

Analysis of results

20232019 2020 2021 2022



Case Study 11 – Work Plan 
Marine Fish Farming 

 132 

Introduction 
Warm water marine fish farming is a relatively new industry and represents around 3% of the world 
aquaculture production. In Brazil this industry is even more recent and commercial production is low. A few 
small-scale fish farms are involved in the grow-out of cobia and new species such as Brazilian flounder are 
considered to have significant potential. The first attempts to rear Brazilian flounder Paralichthys 
orbignyanus date from early 2000. Juvenile flounder are routinely produced at FURG hatchery using standard 
larviculture protocols and experimental indoor grow out of flounder has been achieved. Bottlenecks for 
industry development include: optimizing reproduction and larviculture protocols and developing suitable 
grow out facilities according to Brazilian conditions. Appropriate diets for weaning and grow out are also 
limiting, since feeding has been based on moist diets or even minced fish. 

Objectives 
The main objective is to study growth of Brazilian flounder in Recirculating Aquaculture Sytems (RAS). 

Specific objectives are: 

• to determine the feasibility of growing Brazilian flounder in RAS in Brazil 
• to determine the protein requirement in diets on juvenile Brazilian flounder 
• to determine the protein sparing effect of lipid in diets on juvenile Brazilian flounder 

Description of work 

The aim of CS11 is to introduce a new marine fish species - Brazilian flounder - native to Brazil, Uruguay and 
Argentina to the aquaculture industry in South America. The work of CS11 is therefore focused on exploring 
the dietary requirements of this new species and the feasibility of hatchery and grow out production in RAS. 

CS Task 11.1: Production of Brazilian flounder in RAS [use the exact same name used in 
progress report] (FURG) 

This task aims to study the feasibility of producing Brazilian flounder in RAS. Existing facilities will be used to 
evaluate growth and general performance of flounder. FURG will produce the needed juvenile Brazilian 
flounder at their Marine Fish Hatchery in Southern Brazil, following the protocol described by Sampaio et al 
(2008).  

FURG will perform the trials using existing commercial diets in the Brazilian market and evaluate the 
performance of Brazilian flounder growth in RAS. Experimental production of Brazilian flounder has always 
been carried out in “semi” flow-through system, by “semi” we mean water could not always be exchanged 
and some days it would resemble a static system. Therefore, we want to adapt the existing RAS to attach 
race-ways and observe growth of flounder in a shallow tank with good water quality.  
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CS Task 11.2: Determine the protein requirement for juvenile Brazilian flounder [use the exact 
same name used in progress report] (FURG, CCMAR, CIIMAR) 

This task will determine the protein requirement of juvenile Brazilian flounder. FURG will produce the needed 
juvenile Brazilian flounder at their Marine Fish Hatchery in Southern Brazil, following the protocol described 
by Sampaio et al (2008). FURG will do the experimental design in order to maximize the number of treatments 
and repetitions accordingly to the experimental facilities. CCMAR and CIIMAR will participate in the 
determination of the experimental design. CCMAR and CIIMAR will also formulate five experimental 
isocaloric diets contain increasing levels of crude protein. All diets will be tested in triplicate by FURG. Water 
quality parameters will be measured daily. Ammonia will be measured following UNESCO (1983), nitrite 
following Aminot e Chaussepied (1983), nitrate and phosphate following García-Robledo et al. (2014). Animal 
performance (survival rate, total feed consumption among treatments, weight gain, specific growth rate, 
feed conversion rate), diet and animal composition will be analysed by FURG. FURG will use the broken line 
model to estimate the protein requirement.  

CS Task 11.3: Determine the protein sparing effect by lipid for juvenile Brazilian flounder 
(FURG, CCMAR, CIIMAR) 

This task resembles Task 11.2, the difference relies on its main objective. Here we plan to determine the 
protein sparing effect by lipid for juvenile Brazilian flounder. FURG will produce the needed juvenile Brazilian 
flounder at their Marine Fish Hatchery in Southern Brazil, following the protocol described by Sampaio et al 
(2008). FURG will do the experimental design in order to maximize the number of treatments and repetitions 
accordingly to the experimental facilities. FURG will perform the trials on protein sparing by lipid. CCMAR 
and CIIMAR will participate in the determination of the experimental design. CCMAR and CIIMAR will also 
formulate the diets. All diets will be tested in triplicate by FURG. Water quality parameters will be measured 
daily. Ammonia will be measured following UNESCO (1983), nitrite following Aminot e Chaussepied (1983), 
nitrate and phosphate following García-Robledo et al. (2014). Animal performance (survival rate, total feed 
consumption among treatments, weight gain, specific growth rate, feed conversion rate), diet and animal 
composition will be analysed by FURG. Protein and lipid levels will take into consideration the results 
obtained from Task 11.2. 
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Case Study participants and stakeholders:  

Research Partners: 

CSIC, Spanish Research Council, Institute of Marine Research, (# 25, Spain) - lead  

CCMAR, Centro de Ciencias do Mar do Algarve, Portugal (#20; Portugal) 

StellU, Stellenbosch University, South Africa, (# 22; South Africa) 

Industry Partners: 

N/A 

IRG and other stakeholder groups: 

PROINSA Cultivos Marinos, Spain 

Musholm, Denmark (via CS9) 

Organización de Productores de Pesca Fresca del Puerto y Ría de Marín (OPROMAR), Spain 

Pinturas PROA, Spain1 

Sociedade de Óleos e Rações S.A. (SORGAL), Portugal 

Marifeed Pty Ltd, South Africa 

West Point Processors (WPP), South Africa 

Consellería de Medio Ambiente - Xunta de Galicia, Spain1 

Amigos da Terra (Friends of the Earth), Spain1 

 

 

 

 
1 To be confirmed 
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Gantt Chart 
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Introduction 
Fisheries and aquaculture activities, including the associated industrial processing, generate substantial 
amounts of waste not usable for human consumption. In the case of fisheries, more than 30% of the biomass 
landed by fishing fleets is by-catch. Furthermore, by 2019 the fishing discards of species subject to total 
allowable catch (TAC) regulation that the Common Fisheries Policy of the EC forces to land in ports have been 
added. A sustainable finfish aquaculture implies the progressive replacement of the conventional ingredients 
used in this sector with alternative by-products of agro-food and fish processing. In this context, we propose 
utilisation of fish processing by-products as feed ingredients in aquaculture. Furthermore, the fishery and 
bivalve aquaculture transformation industries also generate side streams that can be used for the same 
purpose. In the case of bivalve aquaculture, it is also paradigmatic that the main component of shellfish 
farming, namely the calcium carbonate (CaCO3) in shells, is wasted. These CaCO3 is currently used as a calcium 
source for chicken feeding, for correction of the pH of acid soils in agriculture or the production of CaO for 
concrete preparation. All this uses imply the decomposition of CaCO3 to CO2, so missing the potential of 
bivalve aquaculture to be included in the carbon trading system. We will explore alternatives that do not 
decompose the CaCO3 immediately such as their uses in the paint and coating industry. 

Objectives 
The overall objective of CS12 is to reduce wastes produced in marine fisheries and aquaculture activities by 
valorising them following zero-waste and circular economy principles. For the case of bivalve aquaculture, 
we will promote the inclusion of bivalve aquaculture in the carbon trading economy, which involves 
demonstrating that shellfish CaCO3 can be a net CO2 sink and identifying uses that ensure a long-term 
preservation of this CaCO3. For the case of the valorisation of biomass wastes from fisheries and bivalve 
aquaculture industries, we will test the suitability of introducing their hydrolysed proteins and oil in finfish 
aquaculture diets. The use of these alternative diets will decrease the carbon footprint of feed for finfish 
aquaculture and the nitrogen and phosphorous emissions to the environment. 

Specific objectives are: 

• Propose a methodology to evaluate the CO2 sequestration budget of bivalve aquaculture activities. 
• Rank bivalve shell CaCO3 environmental, industrial applications according to their added value, carbon 

footprint and CO2 immobilisation period. 
• Elaborate a protocol for ocean alkalinisation of Galician shelf and slope waters (NW Spain). 
• Develop a complete valorisation chain to obtain ecological paints based on bivalve shell CaCO3 as filler. 
• Obtain protein hydrolysates from fishery discards, sardine frames from the canning industry, and non-

commercial mussels from the mussel transformation industry. 
• Develop fish diets including protein hydrolysates. 
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Description of work 

CS Task 12.1: Shellfish valorisation: assessing carbon sequestration and trading (CSIC, StellU) 

Calcium carbonate (CaCO3) represents 60% to 95% of the total fresh weight of bivalves. Since 1 kg of CaCO3 
sequesters 440 g of CO2 the inclusion of bivalve aquaculture in the carbon trading system should be 
considered. It implies demonstrating that the biological CO2 budgets of these cultures are favourable to CO2 
sequestration, which is still a controverted issue nowadays (Filgueira et al, 2015; 2019; Morris and 
Humphreys, 2019). Furthermore, it also implies the endorsement of environmental, agricultural and industrial 
application that ensure a long-term preservation of bivalve shell CaCO3. Thus, we will investigate how bivalve 
shells can be an anthropogenic CO2 sink and thereby contribute to a zero-waste production of mussels. 
Eventually, introduce shellfish aquaculture in the carbon trading economy.  

Figure 12.1.a summarizes the two main activities that will be conducted within CST 12.1: i) estimation of CO2 
sequestration by bivalve shell CaCO3; and ii) selection of bivalve shell CaCO3 applications that are compatible 
with CO2 sequestration. 

 

Figure 12.1.a: Chart summarizing the two objectives of CST 12.1. 

The first activity (“CO2 sequestration” in the Gantt chart, CSIC, StellU) in based on a literature review of the 
chemical composition of bivalve flesh and shell, with particular emphasis on their CaCO3 content and its 
crystallization structure (aragonite, calcite) for the three species (mussel, oyster and abalone) and four 
regions covered by AquaVitae to estimate the sequestered CO2 per kg of cultured bivalve and to calculate 
biological carbon fluxes and CO2 sequestration budgets depending on the availability of data. These budgets 
will be produced at least for the Galician mussel aquaculture (NW Spain) and probably for the Danish mussel 
aquaculture (for classical and offshore mussel culture methodologies). CSIC and StellU will perform the 
literature review and CSIC will be in charge of the data water column carbon chemistry data mining and the 
calculation of the CO2 sequestration budgets. We estimate that this activity will last from M2 to M24. 

The second activity (“CaCO3 applications” in the Gantt chart, CSIC) is based on a literature review of the 
environmental, agricultural and industrial applications of CaCO3 to rank them on basis of their carbon 
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footprint, added value, and immobilization of CaCO3 and to propose the substitution of mineral by biological 
CaCO3. We estimate that this activity will last from M2 to M12. 

These two activities have a link with WP6 (bivalve aquaculture have varied ecosystem services, including CO2 
sequestration) and with WP7 (carbon trading).  

After completion of these two activities to support the inclusion of the CO2 fixed by bivalve shells CaCO3 in 
carbon footprint estimates and the carbon trading system, this information will be digested and shared with 
the CS stakeholders (farmers, industry, authorities, NGOs) to get their feedback about the proposal to 
promote bivalve aquaculture in the carbon trading system.  

CS Task 12.2: Shellfish valorisation: inclusion in the coating industry (CSIC, StellU) 

Ocean alkalinisation and filler in paints are CaCO3 applications that apparently ensure a long-term 
immobilization of the CO2 trapped in bivalve shell CaCO3. For the case of ocean alkalinisation, CaCO3 will 
remain inalterable for decades to centuries in carbonate oversaturated waters. For the case of the coating 
industry, CaCO3 is a primary filler due to its low basic colour, high weather resistance, relative abrasiveness, 
low electrolyte content, non-toxicity and the pH stabilising effect (Balard and Papirer, 1993; Armelin, et al., 
2006; Wu et al., 2016; Jimoh, et al., 2017). In addition, it is used as a rheology modifier in a variety of painting 
and sealant products and it has very interesting properties such as its capacity to increase fluidity when 
shaken or agitated (Armelin, et al., 2006; Wu et al., 2016). In all these applications, CaCO3 maintains its 
structure and, therefore, can ensure a long-term preservation of the CO2 sequestered in shell CaCO3. 

We will design an ocean alkalinisation protocol (environmental application) and produce an ecological paint 
containing shell CaCO3 as filler (industrial application). 

In line with the aims of CST12.2, two main activities will be conducted: i) elaborate a protocol for the ocean 
alkalinisation of the Galician coastal and slope waters (NW Spain); and ii) develop a complete valorisation 
chain to obtain ecological paints based on bivalve shell CaCO3 as filler. 

The first activity (“ocean alkalinisation” in the Gantt chart, CSIC) is based on a review of the existing literature 
about the hydrography, circulation, water-column carbon chemistry (particularly calcite and aragonite % 
saturation), sediment textural and chemical composition, and other ecosystem services of the Galician 
coastal and slope water (e.g. fishing activities). This information is needed to delimit the most appropriate 
areas for bivalve shell CaCO3 amendment and to decide the presentation of the shells (whole, crusted or 
powdered).  A monitoring program will be designed in a test parcel to demonstrate the negligible 
environmental impact of ocean acidification before obtaining administrative permits to conduct the activity. 
We estimate that this activity will last from M20 to M30. 

The second activity (“ecological paint” in the Gantt chart, CSIC, StellU) proposes the development of a 
complete valorisation chain to obtain an ecological paint based on bivalve shell CaCO3 as filler following the 
steps summarized in Fig. 12.2.a. StellU would be in charge of bivalve shell CaCO3 purification and CSIC will 
incorporate it in the ecological paint. CSIC will upscale the production. We estimate that this activity will last 
from M20 to M36. 
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Figure 12.2.a: Chart summarizing the development of an ecological paint based on CaCO3 as filler. 

After completion of these two activities, the last year of AquaVitae will be devoted to the refinement of the 
products obtained after interaction with the stakeholders. This third activity (“refinements” in the Gantt 
chart, CSIC, StellU) will last from M37 to M48. 

CS Task 12.3: Fishery by-catch valorisation: ingredients (CSIC, StellU) 

Fisheries and shellfish aquaculture activities and their associated industrial processing generate substantial 
amounts of biomass not usable for human consumption. Among them are fishing discards, fish frames 
(mainly from canned sardine industry) from the fishery transformation industry, and non-commercial boiled 
mussels (undersized or broken) from the mussel transformation industry. Here we propose the utilization of 
these by-products, particularly fish protein hydrolysates (FPHs), as feed ingredients in marine aquaculture to 
replace the conventional ingredients used in this sector. The preparation and characterization of FPHs 
covering different species (Chalamaiah et al., 2012), enzymes (Halim et al., 2016), or hydrolysis conditions 
(Vázquez et al., 2017 have been extensively studied. Since FPHs are rich in soluble proteins and with high 
digestibility, they can be also employed as ingredient of aquaculture diets (Swanepoel and Goosen, 2018) 
with very promising results. Therefore, we will provide processed diet ingredients from fishery and 
aquaculture discards to decrease the carbon footprint of feed for finfish aquaculture and the nitrogen and 
phosphorous emissions to the environment. 

Three main activities will be conducted in CST 12.3: obtain FPHs at the pilot plant scale from: i) fishery 
discards; ii) sardine frames from the canning industry; and iii) non-commercial (undersize or broken) boiled 
mussel from the mussel transformation industry (see Fig. 12.3.a). 

The first activity (“fishery discard” in the Gantt chart, CSIC) will start by characterizing the discard profile of 
Galician trawlers in ICES areas 6, 7, 8c, and 9a including amount, trophic level and chemical composition 
(biochemical profile, trace metals), taking advantage of previous know-how of the researcher leading the 
activity. After this first step, we will proceed to the production and chemical characterization (proximate 
composition and amino acids profile) of the FPHs from the laboratory to the pilot plant scale in the amount 
required for the diet test conducted in CST 12.4. This activity will last from M2 to M10. 

CS12,	task	12.2.	Shellfish	valorisation:	inclusion	in	the	coating	industry	
Leaded	by:	Antonio	A.	Alonso,	CSIC,	antonio@iim.csic.es	

WP2	(task	2.3),	partners:	CSIC,	StellU	

mussels	shells	
PROINSA	 grinding		 protein	removal	pre-treatment	

paint	mixing	formula	eco-friendly	paint	 characterisation	and	scaling	
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The second activity (“sardine frames” in the Gantt chart, StellU, CSIC) will start by documenting, developing 
and testing the methods to extract FHPs and oil from canned-sardine heads at the laboratory scale and 
chemically characterize them. This part of the activity (from M2 to M10) will be done by StellU and CSIC will 
be in charge of producing and characterizing the FPHs at the pilot plant scale in the amounts required to 
formulate and test the diets prepared in in CST 12.4 (from M11 to M18). This activity will last from M2 to 
M18. 

The third activity (“non-commercial mussels” in the Gantt chart, StellU, CSIC) will start by documenting, 
developing and testing the methods to extract FHPs and oil from mussel meal at the laboratory scale and 
chemically characterize them. This part of the activity (from M2 to M10) will be done by StellU and CSIC will 
be in charge of producing and characterizing the FPHs at the pilot plant scale in the amounts required to 
formulate and test the diets prepared in CS13 (from M11 to M18). This activity will last from M2 to M18. 

 

Figure 12.3.a: Chart summarizing the production of FPHs from fishery discards, sardine frames and non-commercial boiled mussels. 

CS Task 12.4: Fishery by-catch valorisation: aquafeeds diets and tests (CCMAR) 

The suitability of the ingredients produced in CST 12.3 for finfish aquaculture diets will be tested in CST12.4. 
Senegalese sole juveniles will be feed with ingredients derived from fishery discarded biomass and sardine 
frames from the fishery transformation industry. The use of these alternative diets will decrease the carbon 
footprint of feed for finfish aquaculture and the nitrogen and phosphorous emissions to the environment. 
Therefore, we will test processed diet ingredients from fishery discards to feed Senegalese sole juveniles. 

C12.4 will be organized around the following five activities (Fig. 12.4.a): i) Route map; ii) diets formulation; 
iii) diets production; iv) growth trials; and v) analysis of key performance indicators. 

CS12,	task	12.3.	Fisheries	by-catch	valorisation:	ingredients	
Leaded	by:	Luis	T.	Antelo,	CSIC,	ltaboada@iim.csic.es	

WP2	(task	2.3)	è	WP3	(task	3.3),	partners:	CSIC,	StellU	

fishery	by-catch	
(OPROMAR)	

separation	of	muscle	rem.	head	&	viscera	 muscle	 protein	hydrolisate	

document	methods		 lab.	develop	&	test	 characterisation	

boiled	mussel	waste	(PROINSA)	

sardine	heads	

scaling	
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Figure 12.4.a: Chart summarizing the diet tests with Senegalese sole juveniles. 

The first activity (“route map” in the Gantt chart, CCMAR), will consist on the elaboration of a route map for 
preparation and testing of diets from the ingredients obtained from the raw materials in CST 12.3, including 
an estimation of amounts needed of each ingredient to formulate and test de diets. This activity will last from 
M1 to M6. 

The second activity (“diets formulation” in the Gantt chart, CCMAR) will consist in the formulation of the 
diets to be tested in the growth trials, which will include a Control diet and experimental diets incorporating 
the ingredients provided by CST 12.3. This activity will last from M14 to M18 (first prototype). 

The third activity (“diets production” in the Gantt chart, CCMAR) will consist in the production of diets 
according to the formulations defined in the previous activity and in the diet characterization, including 
analysis of proximate composition and amino acid content.  This activity will last from M19 to M22. 

The fourth activity (“growth trials” in the Gantt chart, CCMAR) will consist in testing the diets produced in 
the previous activity in gilthead seabream juveniles. This activity includes the preparation of the rearing 
system, the acquisition, transport and acclimation of fish, the growth trial and all samplings. This activity will 
last from M19 to M37. 

The fifth activity (“analysis of key performance indicators” in the Gantt chart, CCMAR) will consist in all the 
sample lab analysis and in data analysis. This activity will last from M32 to M48. The validated diet 
formulation will be available at M48 (second prototype). 
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Case Study participants and stakeholders 

Research Partners: 

CCMAR, Centro de Ciencias do Mar do Algarve (#20, Portugal) - lead 

EmBraPa, Empresa Brasileira de Pesquisa Agropecuaria (#2, Brazil) 

FURG, Universidade Federal de Rio Grande (#3, Brazil) 

UFSC, Universidade Federal de Santa Catarina (#4, Brazil) 
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Introduction 
There is a growing concern for the ability to produce enough food to feed the global human population in 
the future. If the global population reaches 9.6 billion by 2050, the equivalent of almost three planets will be 
required to sustain current lifestyles (FAO, 2020). To maintain the actual per capita average fish consumption 
without further improvements expected from fisheries, aquaculture production will have to increase by 70% 
and this will depend on its capacity to expand while reducing environmental impact. New biomasses able to 
accommodate aquaculture expansion need to be explored, so tackling this food demand in a transdisciplinary 
approach is vital for a better protection of the environment for future generations.  

Intensive research made possible to increase aquaculture production using low environmental footprint diets 
that rely partially on land produced ingredients. In addition, currently farming carnivores’ species with 
formulated diets is more acceptable since this strategy ensure a high conversion efficiency of fish-in fish-out 
ratio. The replacement of fishmeal in fish and shellfish diets by low trophic levels ingredients is a possible 
approach to create an aquaculture industry independent of fishmeal and agriculture ingredients and 
simultaneously animal production may be brought down several trophic levels (SAPEA, 2017). This will 
increase not only the environmental sustainability of the sector, but also its economic and social 
sustainability by adding value to new biomasses, decreasing the imports of fishmeal, and fomenting the use 
of good practices in the sector. 

All the research will contribute to the national and international sustainability agendas, mainly by promoting 
the achievement of the UN SDGs 2 (Zero hunger), 13 (response to climate change) and 14 (Life below water), 
although the results will also benefit progress in SDGs 1 (No poverty), 3 (good health and well-being), 8 
(Decent work and economic growth) and 12 (Responsible consumption and production).  

       

Objectives 
The present work aims to increase system biological efficiency by including low trophic levels ingredients in 
diets to feed abalone, shrimp, freshwater, and marine fish. The novel concepts of AquaVitae such as 
harvesting low trophic levels species, that additionally can be produced as side species associated to 
aquaculture production and included in animal diets to tackle this food demand, will be supported by the 
most advanced research and technology through the Atlantic Ocean. This challenge is being addressed in 
Brazil (EmBraPa, FURG, UFSC), Faroe Islands (ORF), Ireland (GMIT), South Africa (RhU, MFeed), Spain (CSIC, 
ULPGC) and Portugal (CCMAR). 

Specific objectives are: 

• to include low TL species in aquafeeds and increase the added-value of underutilized ingredients;  
• to increase the aquaculture resilience through a self-sustaining food chain;  
• to standardize feeding strategies protocols to obtain robust animals,  
• to provide new skills and knowledge to all partners involved. 
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Description of work 
The proposed aims present a high potential to implement the findings into innovative products and services 
for the aquaculture industry and to increase the competitiveness of worldwide aquaculture, promoting the 
concept of modern aquaculture as an environmentally and economically sustainable practice to society. 

CC CS 13 will help increase system biological efficiency by including new underutilized sources of biomass 
(low TL species) in diets to feed medium and high TL species. Consequently, medium and high TL species will 
change to low TL species through diet formulation. The novel concepts of AquaVitae such as harvesting low 
TL species that may produce feed to tackle this food demand will be supported by the most advanced 
research and technology through the Atlantic Ocean.  

CS Task 13.1: Using macroalgae to improve feeding strategies for other low trophic species 
(CCMAR, ULPGC, ORF, GMIT, RhU, MFeed) 

Objectives: (1) to develop a diet for European abalone macroalgae based and that supports an affordable 
final product; (2) to develop feed for South African abalone that include pathogen-free algae that enhances 
abalone growth and health; (3) to optimise the inclusion of algae, from various sources, in the diets of South 
African abalone to enhance growth and health. 

Abalone diets will be formulated and manufactured and presented as a product as part of CC CS 13 (Table 
13.1.a). In Europe, two diets with inclusion of macroalgae or macroalgae and vegetable ingredients will be 
assessed in abalone growth experiment (tested in CS3). In South Africa the diets will be: (1) a diet containing 
harvested kelp (tested in CS2); (2) sea-based IMTA produced macroalgae (tested in CS4); and (3) formulation 
and manufacture of a biosecure algal diet (tested in CS4). 

All isonitrogenous and isoenergetic diets will be formulated to include the LTS species. Diets will be 
manufactured by extrusion and supplemented with selected indispensable amino acids (IAA) and mono-
calcium phosphate, whenever necessary, to fulfil the known nutritional requirements of abalone. Animals 
will be fed to apparent satiety. Parameters to be analysed include growth, feed conversion ratio, survival, 
animal, and diet proximal composition (crude protein, total lipids, ash, phosphorous, moisture and gross 
energy), amino acids and fatty acids profiles and gut bacterial community profile (African abalone). All 
chemical analysis will follow standard procedures of the Association of Official Analytical Chemists (AOAC, 
2006). Data will be presented as means ± standard deviation. All data will be checked for normal distribution 
and homogeneity of variances. Differences among dietary treatments will be identified by one-way analysis 
of variance (ANOVA) followed by Tukey’s multiple-comparison test at P < 0.05 level of significance.  

Feed ingredients will be produced as products of CS2, CS3 and CS4. Abalone diets will be formulated and 
manufactured from these products and the formulation, process and manufactured products will be 
reported on here in CC CS 13 (Figure 13.1.a). Their use on abalone farms and resulted abalone growth and 
health will be reported on in the CS in which the ingredients were developed (CS2, CS3 and CS4). 
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Figure 13.1.a:  Diagram of the workflow and outputs of CST 13.1. 

 

Table 13.1.a – Outputs from CST13.1. 

Planned outputs 

Diet formulation for European abalone macroalgae-based 

Diet formulation for European abalone macroalgae- and vegetable-based 

Diet formulation for African abalone harvested kelp-based 

Diet formulation for African abalone IMTA macroalgae-based 

Process to produce biosecure macroalgae for African abalone 

Diet for European abalone macroalgae-based 

Diet for European abalone macroalgae- and vegetable-based 

Diet for African abalone harvested kelp-based 

Diet for African abalone IMTA macroalgae-based 

 

Partner ULPGC will perform the trial of incorporation of LTS (macroalgae) in European abalone. Partner will 
subcontract the service of formulation and manufacturing of the diets. Macroalgae (link to CS3) or 
macroalgae and vegetable ingredients will be incorporated in European abalone in diets at one level. Key 
performance indicators as well as diet composition will be analysed at the partner facilities (link to CS3). 

Partner RhU will formulate and manufacture all diets. Macroalgae (link to CS2, and CS4) will be incorporated 
in South African abalone diets at one level. Key performance indicators as well as diet composition will be 
analysed at the partner facilities. In addition, partner will develop methods for a biosecure macroalgae 
production at Partner MFeed (link to CS4).  

Partner ORF will supply the partners RhU and MFeed (link to CS2). Due to customs constrains in the Brazilian 
border, the supply of macroalgae for Brazilian partners will not be feasible.  

Partner GMIT will assist RhU during the experiments (link to CS4). 

Partner MFeed will produce the macroalgae at the facilities and perform the trial of incorporation of LTS 
(macroalgae) in South African abalone (link to CS4). 
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CS Task 13.2: Using LTS to improve the nutritional quality of new and existing feeds for high 
trophic species (CCMAR, EmBraPa, UFSC, FURG, FCPCT, CSIC-IIM) 

Objectives (1) to develop a new diet that incorporates low TL species to replace fishmeal and –oil in current 
diet formulation for marine and freshwater fish, and marine whiteleg shrimp; (2) to develop a diet for 
pirarucu broodstock that enhances reproductive performance. 

The low TL species will be included as a supplement or an ingredient in diets for marine (Senegalese sole, 
Brazilian flounder) and freshwater (tambaqui) fish juveniles, freshwater fish broodstock (pirarucu), and 
marine whiteleg shrimp (Figure 13.2.a). The diets for Senegalese sole will include mussel meal or mussel 
hydrolysates (produced in CC CS 12). The diets for Brazilian flounder, tambaqui, pirarucu and whiteleg shrimp 
will include microalgae (whiteleg shrimp) or locally produced macroalgae (link to CS1). All diets will be 
formulated and manufactured and presented as a product as part of CC CS 13. All diets will be isonitrogenous 
and isoenergetic and fed to apparent satiety. All fish experiments will be carried out in compliance with the 
Guidelines of the European Union Council (Directive 2010/63/EU) and national legislations for the use of 
laboratory animals. Parameters to be analysed include growth (weight, length, condition factor, daily gain, 
thermal growth coefficient), feed conversion ratio, survival, animal, and diet proximal composition (crude 
protein, total lipids, ash, phosphorous, moisture and gross energy), amino acids and fatty acids profile. All 
chemical analysis will follow standard procedures of the Association of Official Analytical Chemists (AOAC, 
2006). Data will be presented as means ± standard deviation. All data will be checked for normal distribution 
and homogeneity of variances. Differences among dietary treatments will be identified by one-way analysis 
of variance (ANOVA) followed by Tukey’s multiple-comparison test at P < 0.05 level of significance.  

 
Figure 13.2.a: Diagram of the workflow and outputs of CST 13.2. 

Table 13.2.a: Outputs from CST13.2. 

Planned outputs 
Diet formulation for Senegalese sole with inclusion of mussel meal 

Diet formulation for Senegalese sole with inclusion of mussel hydrolysates 

Diet formulation for Brazilian flounder with inclusion of algae 

Diet formulation for whiteleg shrimp with inclusion of algae 

Diet formulation for pirarucu with inclusion of algae 

Diet formulation for tambaqui with inclusion of algae 

Diet for Senegalese sole with inclusion of mussel meal 

Diet for Senegalese sole with inclusion of mussel hydrolysates 

Diet for Brazilian flounder with inclusion of algae 

Diet for whiteleg shrimp with inclusion of algae 
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Diet for pirarucu with inclusion of algae 

Diet for tambaqui with inclusion of algae 

Partner CCMAR will perform the trial of incorporation of LTS (mussel meal and mussel hydrolysates) in 
Senegalese sole juveniles’ diets. Partner will subcontract the service of formulation and manufacturing for 
both diets. Mussel ingredients (link to CC CS12) will be incorporated in the diets at one level each. Key 
performance indicators as well as diet composition will be analysed at the partner facilities. 

Partner EmBraPa will perform the trial of incorporation of LTS (macroalgae) in pirarucu broodstock and 
tambaqui juveniles. Partner will formulate and manufacture all diets. Macroalgae (link to CS1) will be 
incorporated in tambaqui and pirarucu diets at one level. Key performance indicators as well as diet 
composition will be analysed at the partner facilities. 

Partner FURG will perform the trial of incorporation of LTS (macroalgae) in Brazilian flounder juveniles. 
Partner will formulate and manufacture the diet. Macroalgae (link to CS1) will be incorporated in Brazilian 
flounder diets at one level. Partner will formulate and manufacture all diets. Key performance indicators as 
well as diet composition will be analysed at the partner facilities. 

Partner UFSC will perform the trial of incorporation of LTS (microalgae) in whiteleg shrimp juveniles. Partner 
will formulate and manufacture the diet. Microalgae will be incorporated in whiteleg shrimp at one level. Key 
performance indicators as well as diet composition will be analysed at the partner facilities. 

Partner CSIC-IIM will produce and characterize the mussel ingredient originated from mussels’ culture waste 
(link to CC CS 12). 
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