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1. Project execution
It should include a summary description of project objectives, contractors involved, work performed and end results, elaborating on the degree to which the objectives were reached. It briefly describes the methodologies and approaches employed and relates the achievements of the project to the state-of-the-art. It should explain the impact of the project on its industry or research sector. It includes, if available, diagrams or photos illustrating the work of the project, a project logo and a reference to the project website. 

Project summary 
Aim of the project

A sustainable production of turbot were dependent on a year-round supply of juveniles reared in intensive land-based systems at high densities. To effectively exploit such systems it is necessary to obtain detailed knowledge on the impact of key rearing factors (temperature, photoperiod and water quality) on growth performance, food conversion efficiency, age at first maturity and fish welfare. The current project has, through a series of small- and large-scale experiments, provided the turbot aquaculture industry with a strategy that will significantly improve growth, reduce maturation and elucidate the impact of critical water quality parameters. It is foreseen that this will reduce production cost per kg market sized fish. In addition the current project has investigated new processing methods especially designed for turbot, where the aim was to improve fish yield and flesh quality.
Main findings in the project 
WP 1

In Task 1.1 we have verified the benefit of “temperature-steps” throughout the whole juvenile cycle and under realistic production scale. Fish that were reared at near optimal temperature for three months during the early juvenile period were up to 30% larger the year after. These findings indicate that a short interval of rearing fish at high temperature during the early juvenile phase may have long term effect on biomass increment in turbot (see Deliverable 12). This is an important finding for the turbot industry. These findings fulfill Deliverable 12 and Milestone 1. Another trial in Task 1.1. displayed that a positive gain can be achieved by moving the fish from high (around 20ºC) to lower (around 16ºC) temperature during the juvenile period. This will save costs by reducing the need for warm water as well as maximizing growth (see Deliverable 8).

In Task 1.2 we have demonstrated that prolong rearing on continuous light (LD24:0) has negative impact on growth in turbot. However, our data indicate that continuous light will reduce maturation in turbot (see Deliverable 11).
WP 2

In Task 2.1 we have investigated if, and how, short daily peaks of un-ionised ammonia affects juvenile turbot, in order to be able to counteract this potentially negative effect through operational initiatives.

Results on growth and blood physiology indicate that chronic low and chronic high ammonia has more negative effect on the fish performance than periodical peaks in ammonia, but that even short periodical peaks during the day may have a negative effect on growth (see Deliverable 3). 

In Task 2.2 we have investigated the interactive effects of un-ionised ammonia and hyperoxia on growth in turbot. Findings indicate that there is a significant positive effect of mild hyperoxia in reducing the toxic effects of ammonia (see Deliverable 5 and 6). 
Task 2.3 “Overall evaluation of water quality in turbot aquaculture” was divided into the following two sub-tasks: 

Task 2.3.1 Water quality in intensive aquaculture – the effect of water renewal rate

A positive effect on growth of water renewal rate, in other words hydraulic retention time, has been established for eel but not investigated for other species. Findings in the project seem to verify this (see Deliverable 7). A positive effect of increased tank renewal rates on the specific growth rate of juvenile turbot was established in a controlled laboratory experiment. This effect could however not be attributed to water quality differences between treatments and the underlying mechanisms remain unclear.
Task 2.3.2. Water quality in intensive aquaculture – overall evaluation of turbot farms 

This task is divided into: cost price analysis and study of turbidity in recirculation systems.

Cost price analysis

Cost price analysis was done by bio-economic assessment of the production at the different farms within the consortium. Prior to this project one of the RTD partners developed a bio-economic model which can be used to evaluate the economic feasibility of aquaculture productions based on biological performance, investments, operational costs, capital costs and depreciation. During the project period the model was adapted to enable application to existing turbot farms.

Turbidity
Turbidity is a major issue in turbot farming as the fish feed on eye sight and visual observation of the fish is required for proper farm management. Removal and management of suspended solids is therefore of major importance in turbot culture systems. For this purpose the suspended solids were characterized for two production units in a commercial turbot farm. Characterization consists of determination of the particle concentration for different particle size classes. The removal rate of suspended solids was determined for different filter types within the recirculation system. The use of flocculants to improve the removal of (small) particles was investigated.
WP 3

In Task 3.1.1 we have identified what is known or expected product quality related issues for farmed turbot by interviewing farmers, customers and retailers.

In Task 3.1.2 we have produced a clear sensory profile of farmed turbot by using the Quantitative Descriptive Analyses. This is very useful for further market research within the project. Theoretical comparison with wild turbot by QIM reference results show an increased shelf life of farmed turbot of maximal 27 days. 

In Task 3.2, new protocols for slaughter and processing turbot were addressed, and several quality parameters linked to bleeding, gutting, and processing were tested. Applying a prolonged electrical current to ensure a prolonged unconscious conditions, appears to be safe not affecting the end quality. Besides securing death, exsanguination had a profound effect on the fillets visual quality. Targeting export market, exsanguination should also be addressed for turbot in southern Europe. Overall, as a seasonal variation was seen, farmed turbot as food is a stable product, where the quality is not so much affected by external factors during harvesting and processing.

WP 4

The management structure with the RTD coordinating the work of ‘their’ (i.e. local responsibility) SME’s proved to work well in the project period. Overall, the coordination of the project has been successful, although some modification in the DoW had to be done to meet the technical demands and challenges at each SME site. To monitor the work six meetings (panel and technical meetings) were held, and in conjunction to the trials at the SME sites several short field trips were performed by the RTD to the SMEs.

Project objectives

1. To maximize growth in the juvenile phase of turbot by defining the culture environment that will yield the highest growth performance under intensive conditions.

2. To unveil the potential impact of environmental manipulations in the early juvenile phase on subsequent growth and maturation in the commercial ongrowing phase.

3. Identify the appropriate photoperiod regime that will allow the farmer to control maturation in the ongrowing phase.

4. To identify, and quantify, water quality parameters that may prevent optimal performance in a production facility. 

5. Carry out a detailed comparison and evaluation of production systems for turbot, emphasizing key parameters for profitable culture.

6. To monitor in detail the effects of optimised/improved production objectives on the flesh quality and flesh yield of the end product.

Objectives 1, 2 and 3 have been fulfilled within WP 1 (Deliverables 8, 10, 11 and 12). Objectives 4 and 5 were fulfilled within WP 2 (and partly in WP 1) and highlighted in Deliverables 1, 2, 3, 6, 13 and 14. Flesh quality and flesh yield (Objective 6) was thoroughly investigated in WP 3 and all aims reached within the project period (Deliverables 4 and 9). 
In summary, all the original objectives, aims, and milestones have been reached within project period.
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Work performed and results achieved

The objectives of the current project have been achieved through a series of small and large scale experiments, and the project has provided a scientific rationale for the establishment of effective husbandry strategies to optimize production, minimize maturation and accelerate growth of turbot in high-density land-based rearing systems. The research program was structured according to four main workpackages, each consisting of a number of tasks. In order to have maximal support of the activities of the SME’s, all SME’s are tightly linked to an RTD working on the same tasks.

Workpackage one consisted of studies on optimization of production characteristics in turbot farming. The workplan included studies on the effect of rearing at “temperature-steps” on growth performance and feed conversion efficiency (WP1 – Task 1.1) and studies on the effect from rearing fish under extended photoperiods on age of first maturity and inhabitation of precocious maturation (WP1 – Task 1.2). These studies combined novel experimental approach and physiological techniques and methods applicable for turbot and other demersal aquaculture species. Our aim was to minimize production time of turbot and to find an appropriate temperature and photoperiod regime that will allow the farmer to improve and increase production, and thus exploit far better the resources in question (seawater, space/land, man power, logistics). This aim has been reached within the project period (see Deliverables 8, 10, 11 and 12).
Workpackage two was divided into three tasks, which were performed in both laboratory and large scale facilities at the SME farms. The workplan included studies on the effects of chronic exposure and periodical peaks of un-ionised ammonia on growth, food conversion efficiency and stress under intensive culture conditions (WP2 – Task 2.1), studies on interactive effects of unionised ammonia and hyperoxia on growth performance in turbot (WP2 – Task 2.2), and an overall evaluation of flow-through vs. recirculation technology in culture of turbot (WP2 – Task 2.3). In this task species-specific optimal temperatures and light regimes were applied. The findings from these studies have resulted in methods for reducing negative impact of sub-optimal water quality in turbot, thus allowing for increased production with the use of less water. 

Workpackage three aimed at monitoring flesh quality and flesh yield in turbot culture. Special attention was given to establishing standard methods to verify the effect of new rearing concepts developed in WP 1 and 2 on the end product. Within WP 3 we have identified what is known or expected product quality related issues for farmed turbot by interviewing farmers, customers and retailers and produced a clear sensory profile of farmed turbot which is very useful for further market research. Several new protocols for slaughter and processing turbot were addressed, and several quality parameters linked to bleeding, gutting, and processing were tested. Overall, farmed turbot as food is a stable product, where the quality is not so much affected by external factors during harvesting and processing.

Workpackage four focused on co-ordination of the overall development of the project. The WP was devoted to: a) assess the accomplishment of tasks allocated to each participant, b) discuss the results obtained during different phases of the project, c) discuss means of recovering the time lost due to technical or other difficulties in order to keep the targeted goals on time, d) review the milestones for the each phase in order to make any adjustments, d) submit internal reports that will make the bases of the Period Reports to be submitted year to the European Commission.
Impact on industry sector
The new rearing regime developed in this project were applicable for all production systems and will make production time reductions feasible in the farms of the participating SME’s. Preliminary investigations (Imsland and Jonassen, 2002) have indicated that the temperature-step principle combined with inhabitation of precocious maturation will yield a 20-30 % higher production. Similar figures were seen in the trials of the project. If a 25 % growth increase is gained, a 1000 t/year producer could increase his output to about 1250 t/year with the same production facility, or an additional turnover of about 2.8 mill Euro pr. year. Thus the SME’s competitiveness was clearly improved by the project if the anticipated growth increase of 20-30% can be achieved. Reducing the on-growing period will reduce the need for investments for a given production target or increase the production target with a given production facility. Further the feed conversion factor is expected to be reduced by about 10-15%, which is a very important improvement, as feed costs constitute approximately 15-25% of the total production costs in turbot production.

Important findings from WP 1-3 and their impact on the SME sector
Workpackage 1 
Biological optimization in commercial turbot farming
Important findings – temperature
· Task 1.1 Development of temperature “steps” to enhance growth performance and increase food conversion efficiency

· Initially three temperature groups (constant and T-step), but later all reared at ambient (c. 15oC) temperature
· Conclusion: c. 20% improvement in growth by using T-step
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Figure 1. Mean ± SE weights (g) of individually tagged turbot throughout the trial period. Long term effect of rearing fish at T-step regime. 

Important findings – temperature
· Task 1.1 Development of temperature “steps” to enhance growth performance: effect of temperature switch

· Juvenile turbot were reared at two different temperatures (16 and 20ºC) and then part of the fish were switched i.e. 20-16ºC or 16-20ºC

· Conclusion: 5-11% more weight gain in the 20-16 group compared to the other three groups
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Figure 2. Mean ± SE weights (g) of individually tagged turbot throughout the trial period. Short term effect of rearing fish at T-step regime. 
Important findings – photoperiod
· Task 1.2. Photoperiod manipulation: SGR, maturation
· Juvenile turbot were reared at four different photoperiods (LDN, constant light from 10, 18 and 23 PH)

· Conclusion: Prolong exposure to continuous light has negative impact on growth, but positive effect on incidence of maturation. More work necessary to find the “optimum” photoperiod
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Figure 3. Long term effect of rearing turbot at continuous light has negative impact on growth but positive effect on the incidence of maturation.
Workpackage 2
Water quality in intensive aquaculture production systems
Important findings – water quality

Tasks 2.1 and 2.2

- High growth (SGR 2.1-2.4 %/day from 20-95 g) even at very high TAN levels

- Chronic low and high TAN reduces growth

- Minor blood physiological responses

- Conclusion: Abrupt, limited TAN peeks reduces growth significantly. Mild hyperoxia may counteract negative effects from chronic TAN exposure
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Figure 4. Mean ± SD weights of juvenile turbot subjected to different oxygen and ammonia exposure regimes. Mild hyperoxia can counteract negative impact of ammonia. 

Important findings – water quality
· Task 2.3.1
· Six different tank renewal rates, replacing the tank volume 1, 2, 3, 4, 6 or 8 times/hr

· Conclusion: Growth improves with WRR. Underlying mechanisms probably sum of WQ parameters 
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Figure 5. Specific growth rate (%BW/d) in relation to flow rate (FR) expressed as (l/kg fish/hr) for turbot in the size range of 100 to 150 g. Growth is significantly related to water renewal rate.
Important findings – water quality
· Task 2.3.2 Implementing improved water quality regime in real farm situation 
· A cost benefit analysis of increased WRR at commercial farm level by using the bio-economic model developed in the project 

· Conclusion: The additional investments associated with increasing the WRR are compensated for by the increased production based.
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Figure 6. Breakdown of the cost price of turbot produced under four different scenarios. Scenario 1, current situation, TRR = 1 time/hr; Scenario 2, TRR = 2 times/hr by level adjustment; Scenario 3, TRR = 2 times/hr by additional pumps; Scenario 4, TRR = 4 times/hr, level adjustment + additional pumps.

Workpackage 3 
Optimizing flesh quality, flesh yield and processing in turbot farming
Important findings – flesh quality
· A. The effect of rearing condition, growth and season on the end quality using objective and subjective measures

- Conclusion: Results show that the flesh quality in turbot is highly affected by season
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Figure 7. Shear force in pre and post rigor filleted turbot fillets slaughtered at different times in the year in Nov (Iceland), February (Portugal) and June (Germany), highlighting the seasonal effect in flesh quality.
Important findings – stunning methods

· B. The effect of stunning methods (percussive stunning, electrical stimulation and exsanguination on ice) and following stress on the end quality

·  Conclusion: Results show that the flesh quality in turbot is affected by stunning method.
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Figure 8. Rigor mortis as a function of stunning method in turbot.
Important findings – processing methods

· C. The effect of processing methods (gill bleeding, gutting, pre rigor filleting and freezing) on the end quality 

· Conclusion: Colour of the fillets can be tuned by (post) slaughter conditions. Non-bleeding conditions will result in a more crème colour of the fillet what is more like wild turbot.
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Figure 9. Blood residue in exsanguinated (Left) or unbled (Right) turbot fillets measuring by vision eye (Upper) or computer scanner (lower). 
Important findings – market opportunities
· D. Determining the market opportunities for farmed turbot

·  Conclusion: In general the wild turbot is less firm and more tender, but also less sticky compared with farmed turbot. Shelf-life of farmed turbot can be seven days longer than the wild species. Consumers attached most value to freshness, price, and quality assurance or labelling. Producers risk several misconceptions about their customers


Figure 10. Market opportunities for farmed turbot, comparing consumers, producers, and their customers in Spain and the Netherlands.
2. Dissemination and use 

Exploitation of the results 

The consortium intends to exploit the results to improve competitiveness through introduction of the new rearing concept for European turbot aquaculture. It will also promote the utilisation of the findings with respect to defined growth optima and maturation control. In addition to the SME partners involved in the project, numerous private companies were kept updated on the progress made in both pilot and industrial scale. In the first half of the project, dissemination of information about the project remained limited to the consortium partners. During the second half of the project, articles were published in scientific journals as well as in more industrially oriented magazines. These publications will include all scientific results in all areas of the projects. The SMEs, Universities and Research Institutes will allow the free use of scientific results obtained through the proposed project after their presentation through publications, international conferences and open workshops. These results will be available to all EU aquaculture industry. 
Dissemination of the results and transfer of technology

This project will contribute to the development of turbot culture in Europe. As turbot is an important species in some regions of Europe the potential effect is large. In addition, its impact substantial as it addresses a wide problem in aquaculture: the need for production optimization. Optimization can only be achieved after extensive research and development. Results from the project, and the new biological rearing methods are in principle available to the whole European aquaculture sector. The benefits from new rearing concepts in aquaculture will apply to new farmers, and to those farmers who shift their production of a species under pressure (e.g. seabream) to species which offers new opportunities (e.g. turbot). As farmers shift, the remaining farmers may find the pressure on their industry relieved. On the long term, this effect, continually arising from new technology development may be a lifesaver for the industry as a whole. It is of course important that new species do not operate on the same markets as established species. The introduction of other seabream species in addition to those currently cultured will not relieve the seabream markets, as it will demand part of this market. Turbot is a completely different story: it has a potentially huge market in far eastern Asia and Europe, which doesn’t compete with the markets of other farmed fish, e.g. seabream and salmon.

The land-based flatfish culture is at its very beginning in Europe, with a total production of about 6.000 tonnes of turbot and halibut. The successful launching of new rearing concepts will make it far more attractive to start new businesses, because of lower investments per production capacity and lower cost per unit produced. The exploitation of specific temperature and photoperiod regimes will also be a vehicle to fast implementation of the new production concepts, as it will give better revenue to farm the fish at their optimal temperature for growth. As production results start to trickle in from commercial farms in the consortium of the project, one can expect application licenses in European countries for implementation of the system. Tools and methods to assess, measure and monitor progress of competitiveness, sustainability of aquaculture and improvements of product quality and resulting employment prospective will not be specifically developed in the project, although an overall assessment of the various production technologies is included in the project.

Exploitation of the results of the proposed project will greatly contribute to the exploitation of turbot as an important aquaculture species in Europe. The biological part of the project will result in a number of distinct protocols for turbot rearing and ongrowing. In order to ensure that the SME proposers are able to assimilate and exploit the results of the project, a number of steps are foreseen. The consortium clearly sees the importance of active research participation by the SME’s in cooperation with the RTD performers at their own ongrowing facilities. All of the SME’s have adequate scientific expertise for such participation. During the project, RTD’s and SME’s will work together, be in close touch and communicate extensively. Outside the set meetings, communication between the partners were intensive and will involve practical experience exchange at the various sites of the project. In order to promote and facilitate this, the project has been designed in such a way that SME proposers and RTD’s work together on the same tasks. In addition, several involved SME’s and RTD’s have bilaterally co-operated in the past. As a result, the ‘doorsteps’ are low and informal contacts already exist. 
Final plan for dissemination the knowledge

A. Exploitable knowledge and its Use

Overview table 
	Exploitable Knowledge (description)
	Exploitable product(s) or measure(s)
	Sector(s) of application
	Timetable for commercial use
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	1. New rearing concept for turbot
	Biological knowledge
	Aquaculture
	2006
	No patents foreseen
	General knowledge and no specific owner

	2. Effects of “temperature-steps” on growth performance of turbot, in pilot scale and industrial scale operations
	Biological knowledge
	Aquaculture
	2006
	NA
	NA

	3. Effect of water renewal rates on production of turbot
	Biological knowledge
	Aquaculture
	2006
	NA
	NA

	4. Optimisation of suspended solid management in RAS
	Technical knowledge
	Aquaculture
	2006
	NA
	NA

	5. Effects of ammonia exposure on growth and physiology, and ways of detoxifying ammonia through oxygen addition in intensive production systems
	Biological knowledge
	Aquaculture
	2007
	NA
	General knowledge and no specific owner

	6. Elucidation of important flesh quality parameters in turbot and how processing can be improved to maximize quality
	Biological knowledge
	Aquaculture
	2006
	NA
	NA

	7. Methods for improving flesh yield and quality
	Biological and technical knowledge
	Aquaculture
	2006
	NA
	NA


1, 2. New rearing concepts and temperature step rearing.

The consortium intends to exploit the results to improve competitiveness through introduction of the new rearing concept for European turbot aquaculture. It will also promote the utilisation of the findings with respect to defined growth optima and maturation control. In addition to the SME partners involved in the project, numerous private companies were kept updated on the progress made in both pilot and industrial scale. The advantage of the “step-wise” rearing was validated in a commercial scale trial, and made available for the aquaculture industry in Europe through scientific publications and presentation on trade conferences. A scientific publication has been submitted were the main findings are described in details.
3. Effect of water renewal rats on turbot production

The final expected result is optimisation of the flow rate over rearing tanks for turbot. The effect of low and high flows on fish performance were determined experimentally. Increased flows compared to the current situation at the farms are expected to result in better growth but higher flows also involve higher costs (investments more pumping capacity, higher energy demand). Confrontation of growth improvement and additional costs should result in the optimal flow. SMEs involved in the project can relatively easy directly implement this result at farm level by installation of extra pumping capacity. The results were made available to the European aquaculture industry through scientific publication.

4. Optimization of suspended solid management in recirculation systems

Optimisation of suspended solid management includes better understanding of the functioning and role of water treatment facilities in aquaculture systems in the production and removal of suspended solids. This is expected to result in the opportunity to manage these facilities better and as a result obtain a stable and low turbidity. In addition, a technology is developed for improvement of solids removal. This technology can either be used as an alternative for conventional equipment for the removal of fine suspended solids or as emergency measure in case of sudden high turbidity which speeds up the process of solids removal and thereby return to the low turbidity situation prior to the event that led to high turbidity. Results can be implemented directly on farm level by the SMEs in the consortium. Depending on the success and quality of the results scientific publication were considered.
5. Effects of ammonia exposure on growth and physiology, and ways of detoxifying ammonia through oxygen addition in intensive production systems
In cooperation with the SMEs involved, data from the small scale laboratory trials were published, when feasible and agreed between all partners, in acknowledged scientific journals. The knowledge obtained may be utilized by turbot farmers and scientist both within and outside the consortium once published. The results are not exploitable per se, but contributes to the biological knowledge already accumulated within the field of water quality aspects in turbot culture, and may thus form a platform for further research and optimization of production in land-based intensive facilities.
6-7. Improving flesh quality, yield and processing in turbot farming
The knowledge obtained may be utilized by turbot farmers and scientist both within and outside the consortium once published. The results are exploitable for the farmers within the consortium, but also contributes to the biological knowledge already accumulated within the field of flesh quality aspects in turbot culture, and may thus form a platform for further research and optimization of production in turbot farming.

B. Dissemination of knowledge

Overview table 
	Planned/actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	Sep. 04
	Press release(press/radio/TV)
	General public
	Iceland
	60000
	B1

	Oct. 04
	Media briefing
	Higher education
	Norway
	100
	B1, B3

	May 06
	Conference
	Research 
	Worldwide conference
	10000
	B1, B2, B3

	Aug. 05
	Exhibition (Aquanor 2005)
	Industry (aquaculture)
	Several 
	5000
	B1, B2, B3

	Jan. 06
	Publications (Aquaculture)
	Scientists, students
	Several
	1000
	ALL

	Feb. 06
	Publications (peer review journal, PRJ)
	Scientists, students
	Several
	1000
	ALL

	Mar. 06
	Publications (PRJ)
	Scientists, students
	Several
	1000
	ALL

	Apr. 06
	Publications (PRJ)
	Scientists, students
	Several
	5000
	B1, B2, B3

	Oct. 06
	Publications (PRJ)
	Scientists, students
	Several
	5000
	ALL

	May 06
	Posters (World Aquaculture Society)
	General public
	Several
	2000
	B1, B2, B3

	May 06
	Poster and oral presentation at AE2006
	Scientists, students, industry
	Several
	2000
	B2

	Oct 06
	Publications (Aquaculture)
	Scientists, students
	Several
	1000
	B2

	Feb 06
	Publications (PRJ)
	Scientist, student
	Several
	1000
	B1,B2,B3

	Jun 06
	Publications (PRJ)
	Scientist, student
	Several
	1000
	B1,B2,B3

	Sept 06
	Publications (PRJ)
	Scientist, student
	Several
	1000
	B1,B2,B3

	Oct 06
	Posters (WEFTA)
	General public
	Several
	3000
	B1,B2,B3

	Nov 06
	Conference (DG research)
	SME (workshop in Brussels 23.11.06)
	Several
	100
	Coordinator


In the first half of the project, dissemination of information about the project was limited to the consortium partners. During the second half of the project, articles were published in scientific journals as well as in more industrially oriented magazines. These publications included all scientific results in all areas of the projects. The project coordinator has coordinated the publication effort of the consortium. The SMEs, Universities and Research Institutes will allow the free use of scientific results obtained through the proposed project after their presentation through publications, international conferences and open workshops. These results were available to all EU aquaculture industry. 

Publications (peer review journals, PRJ)

In cooperation with the SMEs involved, data from both small scale laboratory trials and large scale industrial trials were published, when feasible and agreed between all partners, in acknowledged scientific journals. Submission of manuscripts to journals will occur during year 2 of the project. Candidate journals are Aquaculture, Aquaculture Research, Fish Physiology and Biochemistry, Aquaculture International, Canadian Journal of Fisheries and Aquatic Sciences and Journal of the World Aquaculture Society.

Conferences and exhibitions

Data obtained in the project that are not subject to limitations, i.e. industrial protection, may be presented orally or as posters in national (within each country in question) and international conferences such as the annual meetings of the European Aquaculture Society.
C. Publishable results
Peer review publications
1. Foss, A., Imsland, A.K., Roth, B., Schram, E., 2006. Interactive effects of oxygen saturation and ammonia on growth and physiology in juvenile turbot. Aquaculture (submitted).

2. Foss, A., Zeitz, S.F., Stefansson, S.O. and Imsland, A.K. 2006. Effects of chronic and periodic ammonia exposure on growth and physiology in juvenile turbot. Fish Physiology and Biochemistry (in prep).

3. Imsland, A.K., Kloet, K., Roth, B., Schelvis-Smit, R. and Foss, A. Growth of juvenile turbot Scophthalmus maximus (Rafinesque) under a constant and switched temperature regime. Aquaculture Research (submitted). 

4. Imsland, A.K., Björnsson, B.Th., Foss, A., Gunnarsson, S. and Stefansson, S.O. The interrelationship between IGF1 expression and growth in juvenile turbot (Scophthalmus maximus). Aquaculture (submitted).
5. Imsland, A.K., Gunnarsson, S., Ásgeirsson, Á., Schram, E., Roth, B., Schelvis-Smit, R. and Foss, A. Early impacts and long term effects of T-step rearing on growth, feed conversion and physiology in turbot. Aquaculture (in prep). 
6. Kole, A., Mennink, M. and Schelvis, R. 2006 Product development in aquaculture: consumer and customer research. (submitted to Journal of World Aquaculture Society)
7. Roth, B., Imsland, A.K., Gunnarsson, S. and Foss, A. Hypothermia as a stunning method for turbot and subsequent effect on behaviour, stiffness, blood gas and chemistry. Aquaculture Research (submitted).

8. Roth, B., Gunnarsson, S., Schelvis, R., Foss, A., Schram, E. and Imsland, A.K., The subsequent effect of stress and anaerobe muscle activity on flesh quality measured as muscle pH, rigor, texture shear force and hardness of farmed turbot (Scophthalmus maximus). Aquaculture Research (submitted).

9. Roth, B. Schelvis, R., Foss, A., Stien L.H., Gunnarsson, S., and Imsland. Using electricity as a tool to determine the role of anaerobe muscle activity on the softening of the flesh of farmed turbot (Scophthalmus maximus). Aquaculture Research (in prep).
10. Roth, B., Imsland, A., Stien L.H., Gunnarsson, S., Foss, A., and Schelvis, R. Quantifying the blood residue in farmed turbot fillets using computer imaging and the subsequent effect on the visual, textural and sensory aspects of flesh quality. J. Food Biol. (in prep).
11. Roth, B., Imsland, A., Gunnarsson, S., Foss, A. and Schelvis, R. The relation between growth and quality in farmed turbot as a function of rearing condition and season. Aquaculture (in prep).
12. Schelvis, R., Roth, B. and Imsland, A.K. Shelflife and sensory profiling of wild and farmed turbot from European turbot farmers. Aquaculture (in prep).
13. Schram, E., Widjaja, R., Kloet, C.J., Schelvis-Smit, R, Imsland, A.K., and Verdegem, M.C.J. The relation between tank water renewal rate and specific growth rate of turbot (Scophthalmus maximus). Aquaculture (in prep).
Conferences, workshops
14. Imsland, A.K. 2006. Biological optimisation and development of processing methods for turbot farming. Presentation given at: Research on Fish Farming Technologies for SMEs –Technological Challenges and Market Opportunities, Brussels 23.11.06.
15. Imsland, A.K., Schram, E., Kloet, K., Roth, B., Schelvis-Smit, R. and Foss, A. 2007. Growth of juvenile turbot Scophthalmus maximus (Rafinesque) under a constant and switched temperature regime. Presented at World Aquaculture Society annual conference, San Antonio, Texas, 27 February – 2 March 2007.

16. Schelvis-Smit, R., Mennink, M. and Kole, A., 2006. Market study farmed turbot: expected and experienced product quality a comparison between farmers and their customers. Presented at European Aquaculture Society conference Florence, 9-13 May 2006. 
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