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1.A - Project objectives

Type of contract: Co-operative Research Project

Call identifier: FP6-2002-SME-1

Total Cost: 1 782 000 Euros 


EU contribution: 764 700 Euros

Duration: 2 years




Starting date: 01 / 10 / 2004

Coordinator: Pascal FONTAINE, Université Henri Poincaré - Nancy 1, Laboratoire de Sciences Animales, MAN, 34 rue Sainte Catherine, F – 54000 Nancy.

Phone: 00 33 3 83 30 84 47, Fax: 00 33 3 83 32 36 13, E-Mail: pascal.fontaine@lsa-man.uhp-nancy.fr
The main objective of this project is to secure the production of Eurasian perch (Perca fluviatilis) juveniles (3-5 g) in order to sustain the development of European SMEs which have funded in this new way of diversification (production of 10-15 g fillets for consumption markets corresponding to 100-150 g fish). Presently, the juvenile availability is very low and limited to the annual cycle of reproductive period which occurs in early spring. Moreover, the quality of supplied juveniles is very variable. Thus, to support the sustainable development of Eurasian perch production, this R&D project has proposed to help the setting of a hatchery - nursery activity that other SMEs wish to develop.

The research programme is divided into six tasks and eight workpackages or WP, which are: 

- assessment of the possibilities (shortening or delaying) of extension of the natural reproductive period by the management of the environmental conditions (WP2),

- optimization of a reliable protocol allowing the induction and the control of gametogenesis in Eurasian perch and the production of out-of-season eggs and larvae with increased fertilization rates and viability respectively (WP3),

- comparison of the potentialities offered (advantages, inconveniences) by the two strategies of broodstock management indicated above (extension of the natural reproductive period, out-of-season reproductive cycle), (WP2 and WP3)

- identification and classification of the main factors influencing the quality of the reproduction of Eurasian perch, while considering the usual indicators of reproduction (relative spawning rate and fecundity, fertilization, hatching rates…), gametes quality and broodstock welfare as well (WP4), 

- development of a protocol of cryogenic semen preservation (WP4),

- understanding the biological mechanisms that lead to the high mortality rates of the broodstock during the reproductive period (WP5),

- definition of optimal conditions of broodstock management (especially feeding) allowing to guarantee reproductive performances and diminished mortality rates of the broodstock during the reproductive period (WP5), 

- production of domesticated strain with improved growth performance and a comparison of the growth performance of three generations (F1, F2 and F3) of captive juvenile Eurasian perch reared under intensive conditions (WP6), 

- production of a stock of sex-reversed male completely functional and the evaluation of the productivity gain when rearing all-female populations obtained with hormonally sex-reversed male breeders (WP6), 

- production of hybrids of Eurasian perch (P. fluviatilis) and yellow perch (P. flavescens) in order to compare growth performance of hybrid vs. pure species under intensive rearing conditions (WP6), 

- production of a triploid population in large scale and evaluation of the productivity gain when rearing diploid and triploid populations (WP6), and

- evaluation of the cost of production of a juvenile of perch according to the different production strategies and the different socio-economical contexts (WP7).

WP1 and WP8 correspond to the co-ordination action and the transfer of technology respectively, both involving all partners and supervised by the partner 7 (coordinator).

1.B - Contractors involved

The research programme involved eleven partner, six SMEs and five RTDS, which are: 

SMEs Partners:

Partner 1: Lucas Perches SARL, Moulin du Cany, 57170 Hampont, France (Key persons: David Vandeworde and Bertrand Ritter)

Partner 2: Bornholms Hatchery Lakseklaekkeri, Øster Flak 2, Nexø, Denmark (Key persons: Julia Overton and Helge Paulsen)

Partner 3: EARL Esox, Plate forme des salins, Promenade J.L. Navarro, 34140 Mèze, France (Key person: Emmanuel Rezzouk)

Partner 4: Gebr. Dil Import-Export b.v, Kerklaan 40, 1920 AA  Akersloot, The Netherlands (Key persons: Hein Dil and Tim Eriks)

Partner 5: Rybářství Nové Hrady S.R.O., Štiptoň 78, 373 33 Nové Hrady, Czech Republic (Key person: Zvonar Lubomir)

Partner 6: PDS Irish Waters Perch Ltd, Main St, Arvagh, Co. Cavan, Ireland (Key persons: Philips Simpson and Damien Torner)
RTD Partners:

Partner 7, Coordinator: Laboratory of Animal Sciences, Université Henri Poincaré – Nancy 1, 34 rue Sainte Catherine, 54000 Nancy, France (Key persons: Pascal Fontaine, Jean-Noël Gardeur, Neil Wang and Fabrice Teletchea)

Partner 8: Facultés Universitaires N.D. de la Paix de Namur, Rue de Bruxelles 61, 5000 Namur, Belgium (Key persons: Patrick Kestemont, Robert Mandiki and Emilie Henrotte)
Partner 9: Centre de Formation et de Recherches en Aquaculture, University of Liège, Chemin de la Justice, 4500 Tihange / Huy, Belgium (Key persons : Charles Mélard and Carole Rougeot)

Partner 10: The Netherlands Institute for Fisheries Research, Haringkade 1, 1970 AB Ijmuiden, The Netherlands (Key persons: Henrice Jansen and Edward Schram)
Partner 11: Research Institute of Fish Culture and Hydrobiology, University of South Bohemia, Zátiší 728/II, 389 25 Vodňany, Czech Republic (Key persons: Otomar Linhart, Tomas Policar and Marek Rodina)

1.C - Work performed and end results

A - Task 1: Co-ordination task (WP1)

· Workpackage objectives

The co-ordinator, highly helped by a management board, is responsible for the:

1. Overall management and co-ordination of all project activities, 

2. Overall financial control,

3. Establishment and maintenance of the project web site,

4. Preparation of the reports (progress and final) to the EC,

5. Integration of the results of the different workpackages within the overall objectives of the project and communication with the EC,

6. Organization of management meetings (5 meetings during the 2-year period)

· Progress towards objectives

The management board, which is in fact the real manager of the project, was built during the first meeting in Nancy (October, 21-22nd 2004). It is composed by a member of each of the 11 partners involved in the project: D. Vandeworde (partner 1), J. Overton (partner 2), E. Rezzouk (partner 3), H. Dil (partner 4), L. Zvonar (partner 5), D. Torner (partner 6), P. Fontaine (partner 7), P. Kestemont (partner 8), C. Mélard (partner 9), H. van der Mheen (partner 10) and O. Linhart (partner 11). The board management got together at the end of each of the five meetings to assess the progress of the project and to discuss about perspectives, particularly between the future collaborations and the possible action for dissemination. The partner 7, as the coordinator, has ensured the financial management (EU grant) of the project following the rules recommended by the EU. At this level, partner 7 has been the interface between partners when they had specific questions and the EU commission. 

In November 2004, a consortium agreement was signed between all SME contractors and RTD performers. To avoid any mistake in writing the different reports (i.e., progress and final technical, management and financial reports), the coordinator has participated to the workshop “Reporting requirements for FP6 contracts” organized by the EU commission the June, 3rd 2005 in Brussels. 

Two meetings have been organized during the first year. The first meeting occurred in Nancy (hosted by partners 1 and 7) on October, 21-22nd 2004. It mainly focused on the presentation of each partner (team, facilities…), the achievement of the consortium agreement, the constitution of the board management (one member from each partner) and the planning of the collaborations and the work. Experimental designs and protocols were also discussed. The second meeting took place at Vodnany (partners 5 and 11) on August, 17-19th 2005. This meeting mainly focused on the analysis of the first results obtained during the year, the planning of the experiment during the second year and the preparation of the progress reports.


During the second year, three other meetings occurred as originally scheduled. The third meeting took place in Arvagh, Ireland (partner 6), on February, 2-3rd 2006, the fourth one in Montpellier, France (partner 3), on June, 8-9th and the fifth in Nexø, Denmark (partner 2), on September, 21-22nd. The first two meetings during the second year focused on the presentation and the analysis of the first and second year results respectively. The last one allowed, besides describing the preliminary results of the second year, providing further guidelines for both second periodic and final reports. During the third meeting, precise rules have been established for the publication of the Percatech results by RTD performers, that has led to the accord, by all partners, of a specific procedure.

After each meeting, a visit of the SMEs commercial facilities occurred which greatly favoured fruitful exchanges between SMEs and RTDs partners.

· Degree to which the objectives were reached

All five meetings occurred as originally scheduled within the two year of the project. Each of the meeting allowed, besides discussing about the advances of the project, to share productive exchanges between all 11 partners, especially between SMEs and between SMES and RTDs. Such meetings also enabled each partner to show his own facilities and talked more deeply about his own experience (difficulties encountered, market targeted, other species reared …). It is worthwhile to notice that during all the project duration, all partners have always exchanged reliable information to others, and have sent all reports on time.

B - Task 2: Broodstock management

B.1 - Sub-task 2.1: Extension of the natural reproduction period (WP2)

Responsible: IMARES (Partner 10)

Associated partners: 


- SME: Dil-Vis (Partner 4)


- RTD: FUND (Partner 8)
· Workpackage objectives

The overall objective of task 2 is to extend the spawning period of ‘wild’ Eurasian perch from some weeks (generally 3 or 4) to 6 months. Specific objectives are:

· to define the optimal period for harvesting ‘wild’ breeders, 

· to optimise the photo-thermal program of spawning induction in an extended season, 

· to optimise stocking conditions for harvested ‘wild’ breeders.

· Progress towards objectives

In order to reach these objectives three experiments were performed. Experiment 1 focused on the effect of extending the reproduction period of ‘wild’ breeders – early or delayed spawning - on their ability to spawn and reproduce. Experiment 2 focussed on the optimization of the holding conditions for harvested “wild” breeders. The effects of catch and captivity were evaluated in the experiment 3. 

During all experiments high mortalities (mostly due to fungal infections) were observed. In previous studies, high mortality rates of wild breeders were also observed after capture and during the first phase of captivity. The present results indicate that such mortalities were related to a weakness in immune defences, caused by the decrease in temperature (winter syndrome).

Results from this study suggest that spawning is limited to a range of approximately 10 weeks of storage. Consequently, out-of-season reproduction while relying on wild breeders is limited to a time range and thus it seems not possible to establish a year-round control.

Low temperature regimes should be avoided for a prolonged time since it enhances stress physiology. We used an absolute temperature protocol to bring the broodstock into the physiological state necessary to start gonadal development. It is unknown if a Δ T can rather be used. If possible, this would result in the possibility of keeping broodstock at higher “winter” temperatures, which would increase their metabolism and feeding behaviour, thus giving them a better capacity to both fight against diseases and increase survival rates.

Early and delayed reproduction of ‘wild’ breeders (experiment 1)

During the period of December-April 2005, mature wild perch were collected and stored in a broodstock holding system. Each month, randomly selected individuals were transferred to the reproduction facilities, where the fish were induced to spawn by using HCG-injections followed by a natural spawning in the tank. This proved to work well in the beginning, but as the holding period of the broodstock prolonged, the perch did already spawn during the spawning induction period, sometimes even before the HCG injections could be given. After the spawning, the available egg strings were collected from the tanks and approximately 300 eggs from each string were incubated. Fertilization and hatching rates were used as indicators of egg quality.

Six different spawning experiments were realized. Several unexpected problems were experienced, as for example difficulties with the collection of broodstock, disease problems, mortality and behavioural differences of breeders during the successive spawning induction periods. Therefore multiple batches of broodstock needed to be collected and the protocol to induce spawning required to be adapted almost at each spawning trail. This made comparison between groups difficult and no definitive conclusions could be drawn. Although fertilization rate of the eggs throughout the period was not that bad, the hatching of the larvae was dramatically low (Figure 1). We observed early and spontaneous release of eggs during storage. This suggested that spawning was limited to a range of approximately 10 weeks of storage, regardless of temperature or photoperiod.
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Figure 1. Fertilization (left) and hatching (right) rates of the wild breeders of the successive spawning trails as estimated during the delayed spawning trails.

Optimization of holding conditions (experiment 2)

Fish originating from an extensive culture pond were caught, acclimatized and stored at three different holding temperatures (6˚C, 12˚C and 18˚C). Differences between the different holding conditions were evaluated by monitoring the effects on (chronic) stress parameters. Each month, five fish were randomly selected for analysis. Serum and plasma were taken to evaluate the effects on stress physiology (cortisol and glucose) and immunological status (lysozyme activity, immunoglobulin level and hemolysis), respectively. It was difficult to get sufficient blood of both smaller fish and fish stored at 6 ˚C. Consequently this resulted in bad quality of the samples of both smaller fish and fish stored at 6 ˚C.

During the process of recovery and acclimatization, 25 percent of the fish died. After the recovery period, the overall mortality during this experiment was 37%, mostly due to fungal infections. Mortality rates were not significantly different between temperature treatments. There was a large difference in the feeding behaviour of the fish reared under different circumstances; fish reared at 6˚C reacted very apathetic and hardly ate, fish reared at 12˚C ate carefully, and fish reared at 18˚C were very eager to eat and did so. During the last sampling point it appeared that most of the female gonads were almost completely degenerated again.

Changes in glucose, cortisol, immunoglobulin, lysozyme activity and hemolysis level of Eurasian perch breeders submitted to 6, 12 and 18°C conditions of rearing during two months are shown in Figure 2. High cortisol levels were observed on day 0, most likely caused by the effects of transport. Cortisolemia markedly decreased on Day 15, indicating an acclimatization of fish to experimental conditions. The decrease was not influenced by rearing temperature. Low temperature regime induced an increase in cortisol and glucose levels after day 29 confirming an increase of stress physiology by a prolonged holding at low temperature. Apart from the reproduction process, lowering temperature is one of the major stressors which trigger the mechanisms controlling stress response. Total immunoglobulin level for fish submitted to low temperature conditions (6°C) was comparable to values known to induce stress. No differences in total immunoglobulin level were observed between 12°C and 18°C. Lysozyme activity was not affected by temperature regimes. Results from the present study indicate that low temperature only affected specific immune system not non-specific immune status.
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Figure 2. Changes in glucose (µg/ml), cortisol (ng/ml), immunoglobulin (mg/ml), lysozyme activity (UI/ml/min) and hemolysis titre of Eurasian perch breeders submitted to 6, 12 and 18°C conditions of rearing during two months. Days after stocking is displayed at the X-axis.
Effects of catch and confinement (experiment 3)

Wild breeders were caught in the River Meuse (Limburg) in April 2006. After transport, fish were immediately stored in a temperature controlled recirculating system. The majority of females were either not yet sexually mature or appeared to be already in post-spawning stage. At regular time intervals fish were sampled. High mortalities caused an early finish of the experiment (10 days instead of the expected 21 days) and sample points were taken relatively close at each other. Blood samples were taken for both plasma and serum to evaluate the effects on stress physiology (cortisol and glucose) and immunological status (lysozyme activity, immunoglobulin level and hemolysis), respectively. It was difficult to get sufficient blood of smaller fish. This resulted in bad quality of the samples of smaller fish.

The overall mortality during this experiment was 38%, mostly due to fungal infections. Changes in glucose, cortisol, immunoglobulin, lysozyme activity and hemolysis level of Eurasian perch breeders submitted to captivity conditions of rearing during ten days are shown in Figure 3. Average cortisol and glucose levels were lower compared to previous studies on Eurasian perch, and did not indicate any increase in stress physiology during the ten days in captivity conditions. Levels of both lyzozyme activity and haemolysis titre were low at the time of capture and were significantly affected by captivity conditions with an increase over time. The low haemolysis titre account for problems encountered in blood sampling, and may indicate a weakness in blood characteristics in relation to winter conditions. The present results may indicate that high mortalities both directly after capture and in the first phase of captivity are related to a previous weakness in immune defences related to the decrease in temperature (winter syndrome) and in food intake.
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Figure 3. Changes in glucose (µg/ml), cortisol (ng/ml), immunoglobulin (mg/ml), lysozyme activity (UI/ml/min) and hemolysis titre of Eurasian perch breeders submitted captivity conditions of rearing during ten days. Days after stocking is displayed at the X-axis
· Degree to which the objectives were reached

Within this task it was shown that delayed reproduction when relying on wild breeders is limited to a time range and it is therefore difficult to establish a year-round control. Furthermore, it was shown that low temperature regime for a prolonged time should be avoided since it increases stress physiology in European perch. Therefore the objective “to optimize the photo-thermal program of spawning induction in an extended season” was reached. 

During all experiments, a high mortality occurred and it was observed that the fish hardly ate. Mortalities were presumably related to a weakness in immune defenses caused by the decrease in temperature (winter syndrome). As a result of those high mortalities and problems with collection of wild breeders in the first experiment, it was impossible to define the optimal period for harvesting ‘wild’ breeders. Due to those problems we were also not able to evaluate the possibility of using early spawning as a tool to extend the reproduction period of wild breeders. 

B.2 - Sub-task 2.2: Production of out-of-season spawning with completed control of the reproductive cycle (WP3)

Responsible: LSA-UHP (Partner 7)

Associate partners: 


- SMEs: Lucas Perches (Partner 1)


- RTDs: FUNDP (Partner 8), USB (Partner 11)
· Workpackage objectives

The first results obtained prior to the beginning of the CRAFT project on the control of the reproductive cycle of Eurasian perch showed that it is mainly determined by temperature and photoperiod variations (Migaud et al., 2002, 2003, 2004a,b, 2006). However, the first photothermal programs applied under controlled conditions led to a reproduction of poor quality with low spawning rates (30-50 %), null hatching rates (Migaud et al., 2002, 2003, 2004b) and very high mortality of broodstock during the spawning season (Wang et al., 2003; Migaud et al., 2006). This strongly suggested that other factors (stress, light quality, food…) must act on the quality of the reproductive cycle. Consequently, the main objectives of this workpackage was to develop an optimised artificial program allowing to (i) achieve the full control of the reproductive cycle, (ii) produce eggs and larvae of good quality and (iii) understand the broodstock mortality in relation with its physiological state. This thus implies to determine which among the numerous potential factors applied to the broodstock throughout a reproductive cycle have a clear impact on the quality of reproduction, and thus requires to achieve a screening of these potential factors.

Such screening was originally divided into two consecutive fractional factorial experiments planned on two years (the duration of one single reproductive cycle ranges between eight and nine months). The first one dealt with the effects of environmental and nutritional factors on the quality of reproduction. The second one should have added the effects of populational factors to the significant factors deduced from the first experiment. However, no spawning was obtained during the first experiment, probably due to a bad response of the broodstock to the photothermal program applied. Consequently, we decided to readapt the second experiment to test several photothermic programs on the quality of the reproductive cycle in Eurasian perch.

· Progress towards objectives

Experiment 1

The first experiment of the project dealt with the effect of environmental and nutritional factors on the quality of reproduction in Eurasian perch. At the beginning of the project (October 2004), broodstock (1500 fish at commercial size) provided by Lucas Perches fish farm (Partner 1) in January 2004 was under rearing in our facilities until January 2005 (23°C, 16L:8D, 250 lx at the water surface). In May 2004, the broodstock was divided into two batches. One batch was fed to optimal whereas the other was fed at maintenance rate according to Craig (2000) until the beginning of the experiment on March, 15th 2005. At that moment, eight two-level factors were tested using 16 experimental units (Table 1). The two-level fractional factorial design was given by Planor Software (Kobilinsky, 2000).
	Factors
	Levels

	Chilling temperature 
	Chilling at 8°C for four months

	
	Chilling at 4°C for four months

	Initial nutritional state
	High initial Fat Index (feeding at optimal rate)

	
	Low initial Fat Index (feeding at maintenance rate)

	Photophase increase
	Progressive increase six weeks before spawning (40 min per week)

	
	None

	Dawn simulation
	Progressive increase of light intensity at dawn for 35 minutes

	
	Abrupt switch

	Handling
	Chasing with a net for 3 minutes per day, five days a week

	
	No chasing

	Food type
	Artificial diet

	
	Forage fish

	Feeding rate
	Ad libitum

	
	Alternatively fed ad libitum and starved each second week

	Light intensity
	100 lux (daylight fluorescent tubes)

	
	1000 lux (daylight fluorescent tubes)


Table 1. Presentation of the factors and levels tested during the experiment.
Twelve fish were randomly distributed into each of the 16 tanks working as individual water recirculating systems. These tanks were equally placed in two thermo-regulated rooms for control of the temperature. After 15 days of acclimatisation, an optimised program of induction of the reproductive cycle, mainly based on temperature and photoperiodic variations, was applied for 9 weeks (Wang et al., 2006). Briefly, temperature was decreased from 23°C to 14°C whereas photoperiod was abruptly decreased from 16L:8D to 8L:16D fifteen days before. The 16 different treatments were randomly applied and experiment started. At the end of the chilling and warming phases, a blood sampling was done on all the fish to determine (i) plasma cortisol (stress indicator) and (ii) plasma estradiol, testosterone and 11-keto-testosterone (reproductive physiology indicators). Spawning was expected on October 2005, just after a progressive warming of temperature to 13°C during two weeks from the 13th of September. At the end of the experiment on October, 26th, no female had spawned and sperm was sampled from all the males to assess its quality (concentration, motility, viability and osmolarity) in collaboration with Partner 11. Finally, females and males were all killed to perform morpho-anatomical measurements (mainly calculation of gonado-somatic index) and histological analyses in collaboration with Partner 8.

Mortality rates reached 18% at the end of the vernalisation phase (16 weeks). There was a dramatic increase of broodstock mortality during the warming phase to 56% in 5 weeks. Such increase of mortality is often observed in natural habitat during the spring increase of temperature (that corresponds to the warming phase). 

At the end of the experiment, no spawning was obtained. 98% of the females exhibited a gonad development since their oocytes were clearly at the exogenous vitellogenesis stage and presented diameters (1000-1300µm) closed to what is observed on females during the natural spawning season (Sulistyo et al., 1998). However female GSIs were clearly heterogeneous, indicating a clear heterogeneous gonad development between the females at the end of the experiment. This can be linked to the fact that the female plasma E2 and T concentrations were relatively low during the chilling and warming phases respectively, compared to what is observed during a natural spawning season.

At the end of the experiment, 95% of males were spermiating. Quantitatively, the amounts of sperm produced (estimated by the final GSI of the males) were relatively low compared to the sperm production of males caught in natural habitat (Sulistyo et al., 2000), around 1-3% vs 5-7%, respectively. Just as for females, male cortisolemia was also high during the experiment (15-50 ng.mL-1). A stress-induced decrease of sperm production has already been observed in trout by Campbell et al., (1992, 1994). The quality of the male reproductive cycle was strongly affected by the environmental and nutritional factors tested. Male GSI and sperm concentration were affected by the interaction between the initial nutritional state of the broodstock and light intensity. They both were the highest (3% and 68 billions of spermatozoa per mL of sperm respectively), when light intensity and initial nutritional state were low. Chilling temperature in interaction with initial nutritional state on one hand and light intensity on the other hand influenced sperm osmolarity. Osmolarity was the highest when chilling temperature was 8°C, light intensity 1000 lx and initial nutritional state low. No factor displayed an effect on spermatozoa motility or on velocity. These parameters were excellent and very homogeneous between males (98.0 ± 1.4% and 198 ± 12 µm.s-1, respectively). In wild perch caught during the spawning season, motility and velocity are commonly in the range of 90-100% and 170-190 µm.s-1 respectively (Dabrowski et al., 1996; Rougeot et al., 2004). From this experiment, an interesting combination (combination 15) was identified which maximises the production and concentration of sperm (close to the sperm concentration measured in wild perch caught in natural habitat) and giving good spermatozoa quality (Table 2).


Table 2. Physiological state of broodstock and sperm quality obtained for the males of the combination 15. Physiological results are expressed in ng.mL-1, sperm concentration is expressed in 109 spermatozoa per mL, osmolarity is expressed in mOsm.kg-1. 11KT: 11-ketotestosterone, T: testosterone.

Experiment 2

Due to the results obtained in the first experiment, the second experiment was redirected to the effect of photothermal programs on the control of the female reproductive cycle. The main goals of this experiment were:

- to test the kinetic of initial temperature and photoperiod decrease (a diminution over 16 weeks -close to natural conditions- vs a quick diminution over 6 weeks),

- to determine the optimal amplitude decrease of photoperiod (no diminution, one hour, four hours, eight hours), and 

- to evaluate the time when the final increase of temperature and photoperiod can be applied to induce spawning.

+ Induction phase of the reproduction cycle
Juveniles of perch (2.1 g, Lucas Perches fish farm) arrived in our facilities on the 16th of June 2005. They were reared at 20°C and a photoperiod of 17L: 7D (light intensity: 200 lx). Experiments were conducted in two different thermo-regulated rooms similar to those used in the first experiment. Eight tanks of 500 L each, working as independent water-recirculating system, were placed in each of the two rooms. 56 fish (77-156 g) were put in each tank (6.8 kg/tank). The acclimatization period lasted 4 weeks in February 2006. Fish were fed ad libitum, once a day (9 a.m.), according to their appetite and water quality (BioMar, type Bio-optimal N°4.5). 

To induce the reproductive cycle, photoperiod was firstly modified in order to respect a timing (Wang et al., 2006) according to a quick kinetic (- 11.4 min. per day, room 1) or a slow kinetic (- 4.5 min. per day, room 2). Four different amplitudes of photoperiod were applied in each room (no variation, 1, 4 or 8 hours). In fact, 8 treatments have been tested in duplicate (6-0, 6-1, 6-4, 6-8, 16-0, 16-1, 16-4 and 18-8). When photoperiod decrease was achieved for a treatment, it remained constant until the application of the spawning inductive program. Then, 4 weeks after the beginning of the photoperiod decrease, temperature was decreased at 6°C, during 6 weeks in the first room (- 2.33°C per week, room 1) and during 16 weeks in the second room (- 0.87°C per week, room 2). Temperature was then set at 6°C until the application of the final inducing spawning phase (temperature and photoperiod increase) that started when GSI reached 13-15% (values recorded in females at the end of winter in natural habitat – Sulistyo et al., 1998). 

Samplings (5 fish per tank) were realized each 4 weeks, as follows: the first (initial) was on the 27th of February 2006, the second on the 11th of April (beginning of the diminution of temperature), the third on the 9th of May, the fourth on the 6th of June, the fifth on the 4th of July and the sixth on 2nd of August. For each sampling, different morpho-anatomical measures were realized on each sampled fish. Before these measures, 2 ml of blood was sampled from each fish, after their anaesthesia into a 2-phenoxyethanol bath (0.3 mL L− 1, Sigma). Morpho-anatomical indexes were calculated: gonado- somatic index GSI (%), hepato- somatic index HSI (%) and viscero-somatic index VSI (%). From blood samples, plasma estradiol levels (E2) were measured in females, and testosterone (T) in males (ELISA methods).
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Figure 4. Variations of the mean GSI in females submitted to temperature and photoperiod decreases over a 6 or 16 week period.

The first part of the experiment showed a strong effect of the amplitude of the photoperiod decrease in females and males (figures 4 and 5). Neither female nor male response was observed if the photoperiod remained constant (no decrease). On the opposite, when an important photoperiod decrease (4 or 8 hours) was applied, females and males developed correctly their gonads whatever the kinetic tested. A kinetic effect was only observed when the photoperiod amplitude was 1 hour. In this case, only breeders of the treatment 16-1 developed their gonad with a real delay.
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Figure 5. Variations of the mean GSI in males submitted to temperature and photoperiod decreases over a 6 or 16week period.

Females with higher GSI (treatments 6-4, 6-8, 16-4, 16-8) showed significant higher HIS. That could be linked to the vitellogenesis process. In opposition, in all females, VSI values decreased. Logically, plasma estradiol levels were related to GSI values. In males, HIS remained relatively more constant, VSI decreased with time and plasma testosterone levels were related to male GSI values.

 + Induction phase of spawning

After the T5 sampling, treatments 6-0, 6-1 and 16-0 were stopped as not any development was observed in both males and females. Broodstock of the other treatments were maintained in a constant environment until the 15th of September when samples of 3 females per tank showed that females GSI reached targeted values in some treatments (6-4 : 13.92%, 6-8 : 12.34 %, 16-1 : 6.48%, 16-4 : 13.48% and 16-8 : 11.09%). That implied the application of the spawning inductive program (a photoperiod increase to 17L:7O, then 3 weeks later a temperature increase to 14°C). A complementary sampling (3 females / tank) was down on the 31st of October in the treatment 6-4 and 6-8 in which enough females were available. Females GSIs were 17.12% and 18.68 %¨in treatments 6-4 and 6-8, respectively.

Concerning males, which were checked every week, the rate of spermiating males increased during the photoperiod increase period. At the end of this period, all males of each treatment were spermiating (running sperm during handling).

As in the first phase, insignificant mortality rates were observed during this final phase. Whereas the warming-up (6 => 14°C) and photoperiod increase period was ended at the end of October, the first spawning occurred the 17th of November. From this date and over 4 weeks (figure 6), all females spawned (spawning rate: 100%, 20 eggs ribbons). As far as the female GSI was high on the 15th of September, females spawned early during the spawning period. Females have spawned naturally without hormonal induction and without the application of an artificial protocol for eggs fertilization.

[image: image8.wmf]0

2

4

6

8

10

12

14

16

18

1/9

8/9

15/9

22/9

29/9

6/10

13/10

20/10

27/10

3/11

10/11

17/11

24/11

1/12

8/12

T°C

photo_1

photo_4

photo_8

      Spaning period observed 

Spawning

period

forecasted

16_1

16_4

06_4

16_8

06_8

 


Figure 6. Spawning distribution observed during the application of the photo-thermal inductive protocol. Each arrow corresponds to a spawning.

For the first time, a protocol based only on photoperiod and temperature manipulations has conducted to the production of out-of-season spawning (spawning in November-December vs in April in natural conditions) with excellent spawning rates (100%). However, as fertilization rates were low (only one ribbon was fertilized and produced viable larvae), future researches will be necessary to secure the production of out-of-season “viable larvae”.

· Degree to which the objectives were reached

The main objective of this workpackage was reached, it concerns the development of a protocol based on temperature and photoperiod manipulations to control the whole reproductive cycle of the Eurasian perch with a high level of spawning rate. Such protocol can be immediately transferred to SMEs partners. However, as such protocol has been only obtained during the second year, the multifactorial determinism of the eggs (and larvae) quality must be identified in the future in order to secure out-of-season production of viable larvae. 

C - Task 3: Gamete quality and breeders welfare 

C.1 - Sub-task 3.1: Control of the female and male gamete quality (WP4)

Responsible: USB (Partner 11)

Associate partners: 


- SMEs: Bornholms Hatchery (Partner 2), Dil-Vis (Partner 4), NH (Partner 5)


- RTDs: LSA-UHP (Partner 7), FUNDP (Partner 8), Ulg (Partner 9)

a) The sperm quality and quantity from males cultured in artificial condition and in natural condition:

· Workpackage objectives

The objectives of the present study were to establish (a) some biological aspects of sperm in Perca fluviatilis including physiological characteristics of seminal plasma (ionic contents and osmolality) and sperm production, concentration and motility as well as their physiological relationships, (b) the main inhibitory factor of sperm motility in seminal fluid and (c) the effects of environmental factors such as dilution ratio in immobilizing solution, calcium (Ca2+), potassium (K+) and osmolality on sperm motility. In addition, the differences between stripped and testicular sperm were studied in term of their behavior to K+ and osmolality for WP 3 and 4.

· Progress towards objectives

Sperm samples were collected from two-year old P. fluviatilis with length and weight ranging between 198-214 cm and 88.47-117.34 g, respectively. Sperm was collected by pushing abdomen and using a syringe with a needle. Attempt was made to collect both all the available sperm and avoiding contamination by urine in each stripping. Experiments were immediately carried out after transporting semen from the sample site (Hatchery Model, Dept. Aquaculture and Hydrobiology, Research Institute of Fish Culture and Hydrobiology- RIFCH, University of South Bohemia, Vodnany, Czech Republic) to the laboratory of Sperm Physiology and Biochemistry at Dept. of Fish Genetics and Breeding, USB RIFCH.

High variations in terms of sperm production and density were found, ranging from 0.55 to 6.78 ml and 3.28 to 43.91 x 109 sperm ml-1, respectively. The means of sodium, chloride, potassium and calcium ions concentrations were measured: 130.97±2.19, 106.75±2.37, 10.70±0.61 and 2.41±0.09 mM in the seminal plasma, respectively. Osmolality of the seminal plasma ranged from 255.00 to 334.00, with a mean of 298.07±5.09 mOsmol Kg-1. 

High concentrations of potassium ions did not inhibit the sperm motility. By increasing K+ concentrations, the sperm velocity increased. The highest sperm velocity was significantly observed at 50 mM K+ concentrations. But, potassium ions did not show any significant effect in terms of percentage of motile sperm. The maximum sperm velocity was observed after diluting sperm into the medium with osmolality 100 mOsmol Kg-1 (P<0.05). The motility of sperm was inhibited in medium with 300 mOsmol Kg-1. Calcium ion concentrations higher than 2.5 mM had a visible effect for extending the sperm motility period. Sperm just diluted in medium containing 2.5 mM Ca2+ was motile 90 sec post-activation. In addition, sperm velocity was constant 45 sec post-activation. In general, the results showed that 2.5 mM calcium has an optimum effect by increasing either sperm velocity or percentage of motile sperm.

· Degree to which the objectives were reached

Osmolality isotonic to seminal plasma suppresses sperm motility in perch and exposure to hypo-osmotic medium induces the initiation of sperm motility. The hypo-osmotic shock induces a gradient of concentrations between the intracellular and extracellular medium and the sperm cell attempts to balance the osmolality on both sides of the plasma membrane through an influx of water as well as ionic channels activities. The present study suggests that potassium might be involved in the activation mechanism of sperm, like in common carp, through the changes of the plasma membrane potential. It has been found a relationship between membrane potential and intracellular effects of flagellar movement. On the other hand, perch sperm motility may be controlled by the osmolality-dependent cell signaling systems. Overall, perch sperm initiates sperm motility in hypo-osmotic environmental conditions through depolarization of plasma membrane potentiality. 

b) How to take out sperm from the testes from neomales when testicular sperm was used for production of all females

· Workpackage objectives

The objective was to evaluate how to take out sperm from the testes from neomales when testicular sperm was used for production of all females.

· Progress towards objectives

One hundred and fifty neomales from partner 9 were imported during April 2006 to partner 11 and used for reproduction. Neomales were sacrificed and then part of the testes were squeezed, cut into really small pieces, then mixed with immobilizing solution of 300 mM of sacharose and finally sperm motility was observed. Only 10 % of cells were moving in the testicular sperm which was squeezed and on the other hand around 90 % of spermatozoid were moving when testicular sperm were not squeezed. Besides, for squeezed sperm a lot of cut flagellums were obtained. 

· Degree to which the objectives were reached

According to such results we recommend not to use squeezing methods for collecting testicular sperm. Much better is just to cut testes on small proportions, then for 10 minutes hold it in Petri dishes on ice, and when sperm is leaking from testis to Petri dish used 100 ml of 300 mM sucrose (IS) per 100 g of testes for colleting the sperm. The sperm in IS can than be used latter for artificial reproduction. Sperm can be stored in IS just for 30-40 minutes prior fertilization.  

c). The mass semi-artificial and artificial propagation of hormonally stimulated broodstock:

· Workpackage objectives

The main goal is to optimize mass semi-artificial propagation of hormonally and non hormonally stimulated perch spawners during 2005 (with partner 5) in order to obtain up to 100 000 viable larvae of perch during the spawning period for WP 3, 6 and 7.

· Progress towards objectives

Two experimental mass propagation of perch broodstok were performed during the project. In total, 540 perch broodstock (340 females and 200 males, total biomass 122.0 kg, age 3+, total length (TL): 240.5 ± 24.5 mm and body weight (BW): 223.7 ± 83 g) were used. Both experiment were done under controlled conditions, water temperature: 15.0 ± 0.1 and 10.0 ± 0.1 °C and light regime (12 light: 12 dark) in recirculating system at USB RIFCH, Vodňany.

In the first experiment two hormonal preparations (Supergestran and Dagin) were tested as well as different doses of their active substances, as ways of hormonal induced artificial spawning of perch broodstock. In total, 10 hormonal groups were tested. Groups S1, S2, S3, S4 and S5 were injected by Supergestran with doses of 6.25, 12.5, 25, 50 and 100 µg GnRH.kg-1 of BW, respectively. Groups D1, D2, D3, D4 and D5 were injected by Dagin with doses of 3.12, 6.25, 12.5, 25, 50 µg GnRH.kg-1 of BW, respectively. Besides, one group (control group) was treated by physiological saline solution only (group without hormone but with the same manipulation as other groups). After spawning, the absolute and relative fecundity of females, time of latency (time between injection and spawning), synchronization of spawning and hatching success were measured in each spawned females under each treatment during the first experiment. 

In the second (semi-industrial) experiment semi-artificial and artificial spawning of perch broodstock were tested, which were hormonally induced by Supergestran preparation with higher dose of active substance (50 µg of lecirelinum. kg-1 of BW) under two water temperature (15 and 10°C). The effect of the spawning way and water temperature on the synchronization and the time effort of perch spawning and the hatching success were measured. Besides, availability of higher dose of active substance of Supergestran preparation for artificial or semi-artificial spawning in perch was measured during this experiment.

After the first experiment, a total of 170 (77.2 %) females spawned from all treatments. Average absolute fecundity of females was found to be 24 375.4 ± 9862.6 ova or 54.3 ± 16.1 g of egg ribbon per one female. Relative fecundity was counted as 135 200 ± 77 500 ova or 251.6 ± 62.2 g of egg ribbon per 1 kilo of BW in females. The effect of hormonal treatment on the fecundity of females was not established. The longest time of latency (137.3 ± 62.8 hours, the worst synchronization effect, 17.5 % of females were spawned till the 5th day after injection) and the shortest time of latency (48.0 ± 10.4 hours, the best synchronization effect, 100 % of females were spawned till the 3rd day after injection) were statistically found in females from control group (F) and group treated by Dagin with the lowest dose (D1), respectively. Statistical differences were not found among other treatments (time of latency fluctuated from 54.5 ± 15.8 to 75.5 ± 4.5 hours). After incubation of all egg samples, low hatching success was found in all treatments. Significant differences were not found between treatments (ranged from 33.2 ± 5.8 % to 47.5 ± 3.0 %) except the treatments D4 and D5, which displayed statistically the lowest hatching rates (15.0 ± 3.0 %). According to the synchronization of spawning and hatching success, groups D1, D2, D3, S1, S2, S3 and S4 looked as available hormonal treatment of perch broodstock for practical using during its artificial or semi-artificial spawning. Before wider use of higher doses of hormone, it is necessary to confirm the availability of higher doses of hormone during semi-industrial experiment.

The availability of higher doses of Supergestran preparation was confirmed for successful hormonal induction of artificial and semi-artificial spawning in perch broodstock after the second experiment. In total, 82.6 % females spawned from both ways of spawning (81.7 % - artificial spawning and 83.4 % - semi-artificial spawning). The effect of water temperature on the time of latency was confirmed; lower temperature prolonged spawning period compared to higher temperature in both spawning way (about 88.9 ± 11.3 and 45.8 ± 8.4 hours in semi-artificial and artificial spawning, respectively). Meanwhile, the effect of the spawning way on the time of latency was found under the same water temperature; the semi-artificial spawning lasted about 14.5 ± 1.1 hours later than artificial spawning under 15 °C and the semi-artificial spawning lasted about 57.6 ± 5.2 hours later than artificial spawning under 10 °C. Very good synchronization effect was reached in all variation of this experiment. In total, 86.7 % and 80 % females spawned in semi-artificial spawning under 15 and 10 °C for three days after hormonal injection, respectively. In total, 81.7 % females spawned in artificial spawning under 10°C and 15 °C for four days after hormonal injection. Higher average absolute fecundity of females was found (30 436.7 ± 25 614.5 ova or 59.5 ± 21.1 g of egg ribbon per female) compared to the first experiment, without any difference among different ways and water temperature of spawning. After the incubation of eggs, very low hatching success (from 26.1 % to 62.9 %) was also found in all females. Statistically, the highest hatching success (62.9 ± 12.3 %) was found after the semi-artificial spawning at 15 °C. Statistically, the lowest hatching success (26.1 ± 9.8 %) was recorded after artificial spawning under 10 °C. Generally, artificial spawning and lower water temperature during spawning period caused decreased hatching success of incubated eggs. 

· Degree to which the objectives were reached

Approximately 3 millions of fertilized eggs were obtained after the experiments. Mass production of perch larvae can be produced by reproduction when the spawning was synchronized by 15 °C water temperature. A higher dose of active substance of Supergestran at the level of 50 µg lecirelinum.kg-1 of BW is more useful for artificial or semi-artificial spawning in perch in practical conditions.

d) The sperm freezing procedure for preserve the perch sperm: 

· Workpackage objectives

The aim of the study was to elaborate cryopreservation methods for testicular sperm mostly of neomales conservation of European perch. The success of the sperm freezing procedure was evaluated not only on sperm velocity, percentage of sperm motility, but primarily by using hatching rates in frozen/thawed sperm. 

· Progress towards objectives

Ten % of pure cryoprotectant (methanol – Fluka no.65543) were added to extended sperm and every 0.5 ml of mixture was transferred to 0.5 ml straws, equilibrate for 10 minutes and freeze in Styrofoam box with liquid nitrogen on 3-cm-high floating frame for 3 minutes and latter plunged into liquid nitrogen. The spermatozoa were thawed in water bath temperature at 40 oC for 8 s. A sample of frozen pooled of 10 normal males with stripped sperm and 10 neomales with testicular sperm were checked for percentage of sperm motility, sperm velocity and hatching yield. A part of the pooled testicular sperm and stripped sperm was kept on ice (0-4oC) for 1 hour until used as an unfrozen control.

Control fresh sperm used was not of good quality, because with 240,000 spermatozoa per ova only 47 % of hatching was obtained, but with 9200,000 spermatozoa per ova, 80 % of hatching was obtained. In the experiments, the frozen sperm had different quality according to males ranging from 20 to 48 %, but also with very high variation in replication from 10 to 70 %. The high variation between replication was caused by the development of different levels of fungus. The fresh or frozen striped sperm from normal males with quantity of 240,000 or 1200,000 spermatoza per ova according to the success of hatching were not statistically different. But the fresh and frozen testicular sperm from neomales at the level of 1200,000 spermatozoa per ova were statistically different. The level of 240,000 or 1200,000 spermatozoa per ova did not influence the success of hatching when frozen testicular sperm from neomales was used.

· Degree to which the objectives were reached

Cryopreservation of European perch sperm in 0.5 ml straws appears to be a useful and reliable technique for wide-ranging artificial propagation especially when testicular sperm of neomales are going to be used for the production of all females perch. A sperm freezing procedure was developed, leading after thawing to high motility of spermatozoa as well as to high values of velocity and percentage of sperm motility and especially good hatching yield.

C.2 - Sub-task 3.2: Breeders mortality and welfare (WP5)

Responsible: FUNDP (Partner 8)
Associate partners: 

- SMEs: Bornholms Hatchery (Partner 2), Dil-Vis (Partner 4)

- RTDs: LSA-UHP (Partner 7), Ulg (Partner 9)

· Workpackage objectives

The first objective of this workpackage was to characterize immune and /or stress status of wild and captive breeders during the breeding season, in order to understand whether high mortality encountered in Eurasian perch females during this period may be related to a trade-off between reproduction and immunity and/or stress. 

The second objective was to define the optimal dietary levels of essential fatty acid required for the improvement of survival and reproductive performances in semi-intensive culture conditions. Several basic aspects for defining nutritional requirements of Eurasian perch are still unknown. In other fish species, it has been demonstrated that nutritional status of broodstock has a major impact on reproductive performances and gamete quality (Bromage and Roberts, 1995; Izquierdo et al., 2001), but the applied factors on egg quality are not well known in Eurasian perch. It has been shown that the quality of eggs and/or larvae is markedly affected by the quality and quantity of fatty acids in the broodstock diets, especially the ratio of poly-unsaturated fatty acids (PUFA) of the series 18:2 (n-6) and 18:3 (n-3) (Abi-ayad, 1998, Lee and Dabrowski, 2003). The ratio between these two series of PUFA is a limiting factor in the lipid metabolism of fresh water fish species, such as Esox lucius that is not able to synthesize PUFA of the series 18:2 (n-6) and 18:3 (n-3) from C18 precursors, especially the biosynthesis of docosahexaenoic acid (22:6n-3, DHA), eicosapentaenoic acid (20:5n-3, EPA) and arachidonic acid (20:4n-6, ARA) (Tocher et al., 2001). 

· Progress towards objectives

The first year of the project was directed to the study of stress physiology and immune status for welfare of captive breeders kept under different rearing conditions in comparison to wild broodstock. Three protocols were compared in this experiment. In a first setting, the effects of gonad maturation on stress response and immune status were investigated by comparing a group of breeders submitted to constant temperature and photoperiod regimes to a stock of breeders reared under natural conditions of temperature and daylight until January to March. In a second setting, a group of fish maintained under intensive culture conditions and submitted to an artificial out-of season spawning program were investigated for only stress indicators before and after spawning in February. In addition, wild breeders were investigated before (March and early April) and post-spawning (late April) in order to determine whether reproductive process affect non-specific immune defence. A supplementary setting was also conducted during the second year of the project in collaboration with partner 2 (IMARES) to specify the effect of temperature regime on stress response and immunological status of wild breeders captured during the breeding season. Yet, our main focus during the second year was the optimisation of the diet supplementation of essential fatty acid for the improvement of survival and reproductive performances of captive breeders. 
Experiment 1: Stress physiology and immunological status of wild and captive broodstock 

The impact of reproductive processes on stress physiology was investigated only in captive breeders under different rearing systems during gonad and spawning stages, but not in wild breeders due to an eventual overlapping of capture manipulations and the presumed factors. The most important findings are reported below:

· Gonad maturation induced a slight cortisol response, but energetic response increased markedly from January to March during gonad maturation in breeders under natural conditions, yet not in females in which gonad development was inhibited by intensive culture conditions;

· Spawning process significantly enhanced stress response since cortisol level increased before the spawning period in breeders submitted to the out-spawning program, and returned to basal values after spawning;

· Gonad maturation or spawning process had no substantial impact on osmoregulation (based on osmolality and chloride levels) or hepatic oxidation (based on oxalacetic acid transaminase (GOT) and glutamic pyruvic acid transaminase (GPT) profiles) parameters whatever the rearing conditions.

The trade-off between reproduction and non-specific immune defence were investigated in captive breeders under natural and intensive conditions of rearing, and also in wild breeders before, during and after spawning. The most important findings are reported below:

· Gonad maturation enhanced spleen production of oxidative radicals, as evidenced in March by elevated values for breeders under natural conditions compared to fish under intensive rearing, in which no gonad maturation was observed;

· A slight increase in oxidative radical production was observed during the spawning period in wild fish;

· Plasma lysozyme activity interfered with temperature conditions because fish reared in intensive conditions at a higher temperature (23°C) displayed significantly higher values than fish under natural conditions. Moreover, lysozyme values did not vary significantly with the time at constant temperature conditions while a decrease was observed under natural conditions of winter;

· In wild breeders, lysozyme values decreased significantly during spawning and increased after; it was not clear that such a profile was related to the increase in temperature or to spawning process. Supplementary results required to clarify this question are reported in results from task 2;

· Another temperature effect was the metabolic activity which was significantly higher in breeders reared under constant temperature at 23°C compared to fish under natural conditions, as evidenced by the tri-idothyronine profile (T3);

· Relative spleen size was lower in wild broodstock than both groups of captive breeders indicating a lower immune potential in the latter.

Although some stress indicators, such as osmolality and chloride level did not show any significant changes, gonad maturation affected in some extend stress physiology. Moreover, spawning process also increased stress response as evidenced by a significant increase in cortisol level before and a decrease after spawning in breeders under manipulated conditions of rearing. The overall results concerning immunological parameters, namely a reduction in lysozyme activity and an increase in respiratory burst activity demonstrated a trade-off in the non-specific immune defence during gonad maturation and spawning period in breeders reared under natural conditions or wild breeders. An increase in cortisol release related to environmental conditions and/or reproductive processes may be involved in such down-regulation. 

Experiment 2: Essential fatty acid supplementation for improvement of reproductive performances of captive broodstock

In a first feeding trial, four artificial diets characterized by different EPA:DHA:ARA (R1: 2:1:1; R2: 5:4:3; R3: 8:4:1 and R4: 17:12:1) ratios established by using different oil sources were compared to a forage diet (R5) during the breeding season in order to define an optimal fatty acid supplementation for breeders in terms of survival of breeders, gonad development and reproductive performances and fatty acid metabolism. Unfortunately, no spawning was observed mainly due to the short acclimatization period in the holding conditions in Nancy after the transfer from Denmark in early December. Therefore, the most important findings are reported on gonad development and fatty acid impact as follows:

· Survival of breeders was comparable between the forage diet and those including artificial essential fatty acids;
· The highest values for gonado-somatic index were observed in diet 4, which contained the highest PUFA indicating a positive impact of an increased DHA/EPA ratio in the diet on gonad development;
· On the other hand, the fatty acid composition established for artificial diet 1 was comparable to that observed for forage diet demonstrating that a theoretical ratio for PUFA might be set at 2:1:1 for Eurasian perch breeders in case of the use of oil sources rich in PUFA precursors. Indeed, dietary levels of n-6 fatty acids were higher in artificial diets (R1, R2 and R3) than in diets R4 and R5 in April;

· The diet quality did not affect levels of total lipids in target organs whatever the period of breeding season, however fatty acid composition decreased from January to April; especially in liver which is intensively involved in lipid metabolism. In this regard, the decrease in n-6 FA was limited for artificial diets, which contained n-6 rich oil than in diet R4 including fish oil only, indicating an interest in oil sources rich in PUFA precursors;

· The temporal changes in fatty acid composition were related to elongation and desaturation activities, which increased markedly from January to April, perhaps in relation to the increase in temperature;
· The lipid distribution in Eurasian perch is an efficient boxnet in which accumulation of lipid types is related to main functions of the target organ since there was more polar lipids in the ovary compared to the liver, and none in perivisceral fats, in relation to it involvement in sex-steroid metabolism. It is also worthwhile to notice that only the forage diet presented the highest level of polar lipids, pointing out the interest of using polar lipid additive in artificial diets (i.e. lecithin) for fish (Liu et al., 2002).

In the second setting, the latter two artificial diets considered to contain optimal essential fatty acid ratios for breeders were tested in terms of survival of breeders, fertilization and hatching rates, larvae resistance to an osmotic stress and lipid contents in target tissues in comparison to a commercial diet (R6) usually given to breeders in Bornholms Hatchery, Denmark. The feeding trial started in early March, before the start of an artificial cooling and temperature programs to induce spawning in November 2006. The most important findings are reported below:

· Food intake was low for R1 and R4 at the beginning of feeding trial, but increased from August to November to reach the same levels as for R6; so all the diet induced efficient gonad development and maturation; 

· Due to an unbalanced sex ratio, egg or larval quality was not reported for diet R4. A lower fertilisation rate was observed for females fed diet R1 than those receiving commercial diet, but spawning rate was relatively higher for diet R1 indicating comparable egg quality between the two diets, and confirming the efficiency of n-6 fatty acid on lipid metabolism in percid fish.

· The larval robustness and lipid contents in eggs were also comparable between the two diets confirming the efficiency of the established fatty acid supplementation.

Overall, the results from experiment 2 indicate that the optimal ratio for PUFA in an artificial diet may be set at 2:1:1 (R1) for Eurasian perch breeders in case of the use of oil sources rich in PUFA precursors, while a higher initial PUFA ratio (17:12:1, R4) may be recommended if other oil sources are used. In terms of lipid metabolism, there is no effect of diet quality on lipid level in target organs, except for the liver, which showed a decrease in fatty acid composition from January to April, with no effects of DHA/EPA/ARA ratio. Moreover, initial PUFA ratio did not affect lipid class composition, except for sterol esters in perivisceral fats, which contained 100% of neutral lipids but no trace of cholesterol, polar lipids and other types of lipid classes. This restricted distribution of lipid classes may be related to the general specification of organs to physiological functions.

· Degree to which the objectives were reached

To complete the analytical aetiology of high mortality rate of breeders during the reproduction period, it would be interesting to characterize the specific immune parameters such as immunoglobulin level and the protein complement. In order to determine to what extent the disease resistance of breeders are affected during the spawning period, bacterial challenges are recommended in various environmental conditions since results concerning mortality rate varied greatly amongst the different facilities of the Percatech's partners. 

Concerning the fatty acid requirements for Eurasian breeders, further studies are needed in order to include more PUFA precursors since the only replacement of fish oil by n-6 rich oil sources and synthetic oils displayed the same fatty acid composition such as forage diet and was efficient in inducing a better egg or larval quality. In regard to the metabolism understanding, investigations of oil sources rich in PUFA precursors will allow to precise the capacity of percid breeders for conversion of PUFA precursors such as 18:2 n-6 and 18:3 n-3 in their food during the annual cycle. More focus on the effects of lecithin, ARA, EPA and DHA alone or in combination with hCG on oocyte maturation also is recommended. Finally, the precise involvement of PUFA in various physiological pathways should be described since it has been demonstrated that PUFA and their metabolites can have different modulatory effects on steroid metabolism and on other physiological functions. 

D - Task 4: Production of juvenile with genetically improved performances (WP6) 

Responsible: Ulg (Partner 9)

Associated partners: 


- SMEs: Lucas Perches (Partner 1), Bornolms Hatchery (Partner 2), NH (Partner 5)


- RTD: USB (Partner 11)

· Workpackage objectives

The main objective of this workpackage was to produce domesticated and all-females juveniles perch with genetically improved growth performances. This workpackage was divided into 4 sub-tasks: 

1. Domestication and comparison of the growth performances and survival of different generations of captive juveniles

2. Sex control including the production of all-female populations and comparison of their performances with mixed-sex fish

3. Production of functional XX males that are able to naturally reproduce in tanks

4. Natural reproduction of XX males

· Progress towards objectives

D.1 - Sub-task 6.1: Effect of domestication (partner 9)

Wild, first captive generation (F1) and third captive generation (F3) of breeders were reared in 1.6 m3 tanks in a recirculating system (4 to 25°C). During springtime, spawns were collected every morning and incubated into a hatchery (15°C). One day before hatching, spawns were transferred into a semi-intensive system (10 m2 fertilized outdoor tanks at 17°C and up to 6 ppm O2) and into semi-intensive + intensive rearing systems (30l tanks at 23°C and O2> 6ppm; initial stocking density : 1500 larvae l-1) for larval rearing. After 56 days, weaned larvae were transferred into 1.6m3 tanks of a recirculating system (23°C and O2 > 6ppm) for the comparative growth experiment. The initial stocking density (3125 individual m-3) was reduced twice in order to maintain an optimal biomass in the experimental tanks. The food ratio was calculated as the mean of the maximal (Rmax (%) = 7.6 W(g)-0.31) and the optimal (Ropt (%) = 3.3 W(g)-0.24) ratio for perch. Every two weeks, mean body weight and total biomass were estimated. At the end of the experimental period, 50 fish of each generation were sacrificed in order to compare the sex-ratio, the gonado-, hepato-, liposomatic and the carcass index.

Survival rate of breeders ranged from 10.3% (F1) to 81.3 % (wild) during the first year of the program and was 100% during the second year suggesting that the breeders were adapted to the captivity conditions. Fertilization and hatching rates increased with domestication and with the spawn rank (Table 3). During the second year of the program, eggs originating from the domesticated breeders displayed a mean hatching rate of 1.5-fold higher than of the wild strain.

Table 3. Number of spawns, fertilization and hatching rates of eggs from the 3 strains of breeders.

	
	First year (2005)
	Second year (2006)

	Breeders
	Fertilization rate (%, mean ± SE)
	Hatching rate (%, mean ± SE)
	Fertilization rate (%, mean ± SE)
	Hatching rate (%, mean ± SE)

	Wild 
	90.7 ± 4.8
	39.1 ± 11.0
	65.9 ± 8.2
	40.1 ± 8.8

	F1* 
	77.8
	58.9
	-
	-

	F3 
	69.2 ± 6.7
	44.3 ± 3.9
	72.1 ± 4.5
	64.8 ± 4.1


*only one spawn.

Survival rates of juveniles ranged from 57.1% (F1) to 61.9 % (F2, Table 4), wild juveniles being more sensitive to bacterial diseases than the domesticated strains. At 394 days old, final body weight of the two domesticated strains (184.1 and 196.3g for the F4 and F2 respectively) was significantly higher than the F1 strain (117.6g). Specific growth rate, SGR, ranged from 1.6 (F1) to 1.9% (F2). Growth of the domesticated strains was 1.6 (F4) to 2-fold (F2) higher than for the F1 strain. Food conversion ratio was better for the domesticated strains (1.2) than for the wild strain (1.5, Table 4).

Table 4. Initial and final mean body weight (mean of the duplicate ± SE) and CV (%), survival (%), specific growth rate (SGR, %), growth (g.fish-1.d-1) and food conversion ratio (FRC) of the 3 generations of perch juveniles reared in a 1.6 m3 tank in a recirculating system (t° = 23°C, O2 > 6 ppm) at an initial stocking density of 3125 fish.m-3 during 340 days from 54 to 394 days post-hatching. Values of survival, SGR and growth are mean of two replicates ± SE.









With the domesticated strains, marketable size (±100g) was reached within 240 days whereas F1 strains reached this size after one year of rearing (Figure 7).
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Figure 7. Growth of the F1, F2 and F4 domesticated juveniles reared under intensive conditions in a 1.6m3 tank in a recirculating system at 23°C and O2 > 6ppm during 350 days. Values are means of two replicates ± SE.

At 394 days old, the condition coefficient (1.5-1.6), the gonadosomatic index (1.1-1.2%) and the liposomatic index (6.7-7.6 %) were not significantly (P>0.05) different between strains. F1 strain displayed a significantly lower hepatosomatic index (1.7%) than domesticated strains (2.1 and 2.2%). The carcass index ranged from 84.4% (F2) to 86.5 % (F1). Sex ratio of the 3 families did not differ significantly from a balanced sex ratio (from 38 to 48% of females). For the 3 strains, there was a significant (P<0.05) sexual growth dimorphism towards females with a final mean body weight 40% higher than the males.

Eggs quality, in term of fertilization and hatching rates, was significantly increased with the domestication. The best growth performances in term of final mean body weight, specific growth rate and food conversion ratio, were obtained with the domesticated generations. With these strains, the marketable size (±100g) was reached within 240 days. 
D.2 - Sub-task 6.2: Effect of sex-control (partner 9, 1, 2)

Production of all-female families was realized by crossing female with hormonally sex-reversed males (selected base upon the morphology of the gonad). After larval rearing, the growth experiment was realized in a recirculating aquaculture system (tanks: 0.5m3; 23°C, O2 > 6ppm, initial stocking density: 1000 fish.m-2). All-female families grew faster than mixed-sex families after 170 days of rearing (mean body weight = 30g; Figure 8). The market size (100g) was reached within 280 days for all-females families compared to 340 days with mixed-sex families. The food conversion ratio was also better for all-females than for mixed-sex families (1.5 vs 1.7). 
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Figure 8. Growth of all-female and mixed-sex juveniles (F2 generation) reared under intensive conditions in 0.5m3 tank in a recirculating system (23°C) at an initial stocking density of 2000 fish.m-3 
The increase of growth performances (30% at 360 days old) and the improvement of food conversion ratio with all-females families will allow to significantly improve the productivity of the perch under intensive rearing conditions. At 394 days old, females displayed a mean body weight 40% higher than the males, the culture of all-females families allowing the improvement of the productivity. These results were in accordance with the milestone and expected results of the sub-task.
D.3 -Sub-task 6.3: Functional XX-male (partner 9)

During a first sex reversal experiment (first year of the project) on mixed-sex F4 juveniles (initial mean body weight : 40 mg), we determined the optimal doses of methyltestosterone (masculinizing steroid) at 5 and 10 mg MT kg-1 food during 30 days to obtain 100% of sex reversal with functional XX males (displaying a spermiduct). In a second experiment, 6 batches of 1000 sexually undifferentiated juveniles (initial mean body weight = 37 and 43 mg) originated from all-females families (theoretically displaying a sex ratio 100% female) were fed during 30 days 5 and 10 mg MT kg-1. After 6 months of rearing (mean body weight ranging from 13.9 to 35.2 g) 100 fish per batch were sacrificed and sex ratio determined based on the gonad morphology (a double or a single twisted gonad for the male and a single gonad for the female).

All the control groups were 100% females and treatment with 5 and 10 mg MT produced 100% sex reversed XX males. The percentage of males displaying double testis ranged from 52 to 86% (Table 5). The percentage of double testis was higher when the hormonal treatment was applied on fish with a lower initial body weight (37mg). XX males displaying double testis (normal male morphology) are supposed to display a spermiduct and to be functional.

Table 5. Sex ratio and gonad morphology of all-female juveniles fed with 17MT during 30 days.

	
	
	Sex-ratio
	Testis morphology

	Initial body weight (mg)
	MT doses (mg kg-1 food)
	% females
	% males
	Double
	Single

	37
	0
	100
	0
	-
	-

	
	5
	0
	100
	86
	14

	
	10
	0
	100
	85
	15

	43
	0
	100
	0
	-
	-

	
	5
	0
	100
	72
	28

	
	10
	0
	100
	52
	48


The production of 100% sex reversed XX males with a high percentage of males probably with a spermiduct (functional) will allow to naturally (natural reproduction in tanks) produce all-female populations and to improve the productivity of perch. These results were in concordance with the milestone and expected results of the sub-task.

D.4 - Sub-task 6.4: Natural spawning of XX male

The objective of this sub-task is to produce all-female progenies by natural reproduction in tanks using completely functional sex-reversed males. This sub-task was not realized during the project because of the lack of mature functional XX males during the second year of the project.
· Degree to which the objectives were reached

The main objective of the workpackage 6 “production of juveniles with genetically improved performances” was attained as we observed a significantly improvement of growth with the fourth generation (F4) of domesticated perch. Growth improvement was also achieved with all-female progenies that were obtained by crossing XX males with females. As XX males produced during the project were probably functional (with a spermiduct) the production of all-female progenies will be obtained by natural reproduction in tank.

E - Task 5: Socio-economic study of the juvenile cost production (WP7) 

Responsible: IMARES (Partner 10): model development, scenario analysis and reporting

Associated partners:

- SMEs: Partner 5 Rybarstvi Nove Hrady Ltd (data collection and model validation)

  Partner 6 PDS Irish Waters Perch Ltd  (data collection and model validation)
- RTD: Partner 11 University of South Bohemia (data collection and model validation)

· Workpackage objectives

The general objective of the task 5 is the assessment of the production costs of perch fingerlings in relation to (i) the rearing system employed (extensive vs intensive), (ii) different socio-economical contexts (mainly labor input and costs in the partner states: Czech Republic, Denmark, France, Ireland, The Netherlands), (iii) out-of-season production (impacts of additional costs and efforts related to facilities required to implement out-of-season production of larvae) and other management options and (iv) options for future research. 

More specific objectives were:

(i) Construction of a model (Excel spreadsheet) to calculate the cost of production of perch juveniles under different types of management. This model will be based on the outline of the Hatchery model developed for Pikeperch within the CRAFT project Luciopercimprove (Q5CR-2001-10594). 

(ii) Data collection from the hatcheries of the different partners,

(iii) Assessment of the impact of rearing system, socio-economic factors, out-of-season reproduction and other management options on costs of production by running different scenarios.

· Progress towards objectives

The cost price of perch juveniles was assessed for three hatcheries within the project consortium using a bio-economic model for hatcheries. The model includes production, feeding and growth, hatchery design, investments and costs including depreciation. In the last sheet, Pricing, a market price for the fingerlings produced is calculated based on the costs for the final product. Data to feed the model were collected in cooperation with hatchery management for Rybarstvi Nove Hrady Ltd (RNH), which applies two systems, hatchery and pond production and PDS Irish Waters Perch Ltd (PDS). Table 6 presents the most important output of the model for the three hatcheries.

Table 6. Output of the hatchery model for the current situations for PDS, RHN Hatchery and RNH ponds.

	Item
	Unit
	PDS
	RNH Hatchery
	RNH Ponds

	Production 
	(#/year)
	800,000
	68,000
	120,000

	Total investment 
	€
	350,000
	54,000
	144,000

	Investment per juvenile
	€/pc
	0.44
	0.80
	1.20

	Total costs
	€/year
	143,000
	33,000
	37,000

	Cost price
	€/pc
	0.18
	0.48
	0.31

	Feed costs
	€/pc
	0.01
	0.01
	0.01

	Market size juvenile
	g
	2
	4 to 5
	2.5


For each hatchery, the cost price was broken down into costs for feed, other inputs, other company costs, labor, depreciation and interest (Figures 9 a, b, c). Based on the cost price analysis, labor costs and number of juveniles produced were selected as measures to reduce the costs of production. Modeling revealed that for all three hatcheries (i) the cost price is most sensitive to the number of juveniles produced per year (Figures 10 a, b, c), and (ii) increasing the production of the hatchery is the most effective way to reduce the cost price. 

Out-of-season reproduction is essential for PDS in order to produce sufficient numbers of juveniles per year to keep the cost price low. In season production alone results in an annual production of 200,000 juveniles and a cost price of €0.60/pc. For RNH hatchery out-of-season reproduction of perch could be of interest for the increased production. However, possible conflicts with the production of juveniles of other species in the same hatchery need to be considered. 

A projected market price for perch juveniles was calculated for each hatchery based on the market size and the price of consumption sized perch, mortality during on-growing, expected profit margin on on-growing of perch and the expected relative contribution of juvenile costs to the total costs of consumption sized perch. In addition the projected market price for juveniles was related to the market size and price of consumption sized perch (Fig. 11). It was found that the consumption of perch at small sizes (100g) demands production of juveniles at low costs, lower than currently achieved by the hatcheries, due to the relatively high number of juveniles required for 1kg of market sized perch.

At full production PDS is able to produce perch juveniles at relatively low costs. The margin between cost price and projected market price is still small (€0.02) and easily lost when production drops. It is therefore recommended that PDS strives to increase its annual production of perch juveniles. The current cost price of perch juveniles produced at RNH hatchery and RNH ponds seems too high for economically feasible hatchery operation. It is strongly recommended to increase the production of perch juveniles as this is the most effective measure to reduce the cost price.

Fig. 9. Breakdown of the costs of production for PDS (a), RNH hatchery (b) and RNH ponds (c)
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Fig. 11 Effect of market price of consumption sized perch (50-500g) on the projected market price of perch juveniles. The horizontal lines indicated the current cost prices at the hatcheries.
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Fig. 10 Effect of the number of juveniles produced on the cost price at PDS (a), RNH hatchery (b) and RNH ponds (c).
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· Degree to which objectives were reached

All objectives were reached. The model was developed and the costs of production were calculated for current situations. In addition the impacts of rearing system, out-of-season production and labor costs (socio-economic factor) were assessed. All this however was performed for two SME hatcheries within the consortium covering 3 production systems and not all SME hatcheries as originally planned.

F - Task 6: Transfer of technology (WP8) 

Responsible: LSA - UHP (Partner 7)

Associated partners

- SMEs: all partners

- RTDs: all partners

· Workpackage objectives

The objectives of this task were (i) to elaborate a strategy for dissemination of the results and transfer of the technology between both all Percatech partners and to other organisations and (ii) to promote the knowledge and the know-how of the consortium.

· Progress towards objectives

The diffusion of results and their utilization by the partners of the Percatech project have been the subject of a specific attention during all the 5 meetings which were scheduled during the 2 years (see WP1). On a regular basis, (1st, 3rd and 5th meetings), half a day was specifically dedicated to make the point on the situation of the SMEs (production performances, problems encountered and major blockages, requests regarding Percatech, …). These meetings were truly a moment of fruitful and intense exchanges. After each meeting, partners have received a CD copy of all powerpoint presentations.
Concerning the dissemination of results to other organizations and the promotion of the actions realized and the results obtained within Percatech, several actions have been conducted : realization of a specific website, organization of a workshop on the aquaculture of Percids, preparation of a practical handbook, participation to different workshops of transfer of technology directed towards professionals, and redaction of scientific publications and communications. 

· A specific website (http://www.percatech.org) has been developed during the first year to promote the Percatech project and disseminate the main objectives and results obtained within the framework of this project. It is accessible to anyone on internet. Besides, a link has been established with another CRAFT project (Luciopercimprove-COOP-CT-2005-017646) on pikeperch Sander lucioperca (http://webapps.fundp.ac.be/luciopercinprove/fundp.htm) to improve the visibility of both projects funded by the European Union.

· In collaboration with the Federation of European Aquaculture Producers FEAP (www.feap.info) and his general secretary (C. Hough), and the consortium of the Luciopercimprove project, a workshop on Percid culture has been planned in Janurary 2008 in Namur (Belgium). This workshop will be mainly intended to European fish farmer or aquaculture investors, major speakers will be partners of the 2 CRAFTs projects. The provisional program is joined in page 36, all speakers have confirmed their participation. 

· Based mainly on the Percatech results, a practical handbook will be drafted and printed in 2007. The objective is to distribute it to all participants of the future workshop on Percid culture mentioned before. The management of this practical handbook will be coordinate by D. Torner (partner 6) and C. Rougeot (partner 9). The funding of this document will be ensured by the Bord Iascaigh Mhara BIM in Ireland.

· Partners of the Percatech project have participated or will participate to professional workshops. For example, the coordinator (P. Fontaine) has presented the main Percatech results during the workshop « Fish farming technologies for SMEs – Technology challenges and market opportunities », organised recently by the UE (November 23, 2006, Brussels, Belgium). Partners 1 (D. Vandewoorde), 3 (E. Rezzouk), 6 (D. Torner), 7 (P. Fontaine), 8 (P. Kestemont) and 9 (C. Mélard) will participate to a French workshop on Eurasian perch culture planned in October 2007 at Poisy-Chavanod, near Annecy, France.

· Some scientific publications or communications based on some Percatech results have been performed or submitted to reviewing process in peer-reviews (see list below). Other results could be presented in future scientific meeting such as the 8th International Symposium on Reproductive Physiology of Fish (3-8 June 2007, St Malo, France).

List of publications and communications:

Publications :

Alavi S.M.H., Rodina M., Policar T., Kozak P., Psenicka M., Linhart O. Physiology and motility of stripped and testicular sperm in Perca fluviatilis L. 1758 (Teleostei: Percidae). J. Fish Biol. (submitted)
Henrotte E., Mandiki S.N.M., Soheranda K.J., Rougeot C., Mélard C., Overton J.L., Kestemont P. Physiological parameters and non-specific immune defence in wild and captive Eurasian perch (Perca fluviatilis) during gonad maturation and spawning period. Fish and Shellfish Immunology. (submitted)

Communications :

Rougeot, C., Prignon, C., Gustin, D., Vandecan, M., Delgiudice, M., Mélard C.. 2006. Growth improvement of Eurasian perch (Perca fluviatilis) using domesticated strains. The IXth International Symposium Genetics in Aquaculture, 25-30 June 2006, Montpellier (France).

· Degree to which objectives were reached

All objectives of this workpackage have been achieved. However, due to the development of collaboration with another CRAFT Project (Luciopercimprove-COOP-CT-2005-017646) which will end in October 2007, the workshop on Eurasian perch culture has been transformed into a broader workshop on Percid culture, and his organization postponed to January 2008. That means a delay of one year compared to the initial schedule. Logically, the same delay exists for the practical handbook which is going to be distributed during the workshop. This delay is largely compensated by the existing convergences between the two projects. Thus, the workshop will be of a much higher quality.

WORKSHOP ON PERCID CULTURE

(Estimated programme)

January 2008, Namur

DAY 1

9:00 – The European market and his prospects

· The European market of the Eurasian perch for consumption (D. Torner, Irl.)

· The European market of the pikeperch for consumption (H. Dil, NL)

· The restocking market for percids (L. Tamazouzt or someone from Poland)

· Percid producer network in different countries  : Denmark, Ireland, The Netherlands (J. Overton)

14:00 – The hatchery-nursery activity: juvenile production and gamete quality

· Recent improvement in the control of the Percid reproductive cycle (P. Fontaine, France + RIVO, The Netherlands)

· Sperm quality and cryopreservation (O. Linhart, Czech Republic)

· Recent improvement in larval rearing (P. Kestemont, Belgium)

· Genetic improvement and production of all female stocks (C. Mélard, Belgium)

· The producer experience :

· Percitech: an intensive production of perch juveniles (O. Muller, Switzerland)

· Esox: Production of perch and pikeperch juveniles in recirculation systems (E. Rezzouk, France)

· Viskweekcentrum Valkenswaard: extensive vs intensive production of pikeperch juveniles (J. Van Mechelen, The Netherlands)

DAY 2

9h00 – The on-growing phase

· Recent progress in feed and nutrition in percids (P. Kestemont, Belgium))

· Growth and husbandry effects in percids (C. Mélard, Belgium)

· Rearing system and flesh quality in Eurasian perch (M. Thomas, France)

· Percid culture and pathology control (E. Ariel, Denmark)

· The producer experience:

· Lucas Perches: production of Eurasian perch in recirculating system (D. Vandeworde, France)

· Excellence Fish: production of pikeperch in recirculating system (E. Philipsen, The Netherlands)

G - List of deliverables and milestones

Table 7. list of deliverables.

[image: image18.wmf]Del. 

No.

Deliverable name

Workpack

age no.

Date due

Actual/Forecast 

delivery date

Estimated 

indicative 

person-

months*

Used 

indicative 

person-

months*

Lead contractor

1

Report on extension of natural 

spawning season

2

24

On time

IMARES (partner 10)

1.1 

Effect of harvesting period

2

13

On time

IMARES (partner 10)

1.2

Effect of holding conditions

2

24

On time

IMARES (partner 10)

2

Report on induction of out-of-season 

sapwning

3

24

On time

LSA-UHP (partner 7) 

2.1

Effects of environmental factors

3

13

On time

LSA-UHP (partner 7) 

2.2

Effects of photoperiod and temperature 

kinetics

3

24

On time

LSA-UHP (partner 7) 

3

Report on gamete quality

4

24

On time

USB (partner 11)

3.1

Determination of sperm quality 

4

13

On time

USB (partner 11)

3.2

Sperm cryopreservation and thawing

4

24

On time

USB (partner 11)

3.3

Sperm activation - insemination 

procedure

4

24

On time

USB (partner 11)

4

Report on breeders management

5

24

On time

FUNDP (partner 8)

4.1 

Breeders immunologial status

5

13

On time

FUNDP (partner 8)

4.2

Optimization of breeders lipid 

supplementation

5

24

On time

FUNDP (partner 8)

5

Report on genetic improvement

6

24

On time

CEFRA (partner 9)

5.1

Comparison of 3 generations

6

24

On time

CEFRA (partner 9)

5.2

Production of all-female populations

6

13

On time

CEFRA (partner 9)

5.3

Hybrid and pure populations

6

13

On time

CEFRA (partner 9)

5.4

Functional XX males

6

24

On time

CEFRA (partner 9)

6

Report on socio-economic study

7

24

On time

IMARES (partner 10)

7

Report on transfer technology

8

24

On time

LSA-UHP (partner 7) 

7.1

Internet site

8

13

On time

LSA-UHP (partner 7) 

7.2

Workshop on percid culture

8

24

On time

LSA-UHP (partner 7) 

7.3

Practical handbook

8

24

On time

LSA-UHP (partner 7) 


Table 8. List of milestones.
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no.

Milestone name

Workpack

age no.

Date due

Actual/Forecast 

delivery date

Lead contractor

1

Signature of the consortium agreement

1

November, 2004

On time

LSA-UHP (partner 7) 

2

Constitution of the board management

1

October, 2004

On time

LSA-UHP (partner 7) 

3

Website on-line

1-8

September, 2005

On time

LSA-UHP (partner 7) 

4

Developping a methodology for freezing sperm

4

September, 2005

On time

USB (partner 11)

5

Mass semi-articifial propagation

4

September, 2005

On time

USB (partner 11)

6

Sperm characterization

4

September, 2005

On time

USB (partner 11)

7

All females effect on growth and survival 

performances of juveniles

6

September, 2005

On time

CEFRA (partner 9)

8

Model for calculation of production cost of 

perch fingerlings

7

September, 2005

On time

IMARES (partner 10)

9

Rearing performance of perch fry in ponds

7

September, 2005

On time

USB (partner 11)

10

First progress report

1

December, 2005

On time

LSA-UHP (partner 7) 

11

Photothermal protocol to induce out-of-season 

sapwning

3

September, 2006

On time

LSA-UHP (partner 7) 

12

Sperm cryopreservation

4

September, 2006

On time

USB (partner 11)

13

Insemination procedure

4

September, 2006

On time

USB (partner 11)

14

Breeders immunological status

5

September, 2006

On time

FUNDP (partner 8)

15

Breeders lipid requirements

5

September, 2006

On time

FUNDP (partner 8)

16

Domestication effect on growth and survival 

performances of juveniles

6

September, 2006

On time

CEFRA (partner 9)

17

Functional XX males

6

September, 2006

On time

CEFRA (partner 9)

18

Evaluation of juvenile production costs

7

September, 2006

On time

IMARES (partner 10)

19

Second progress report

1

December, 2006

On time

LSA-UHP (partner 7) 

20

Final report

1

December, 2006

On time

LSA-UHP (partner 7) 

21

Workshop on percid culture

8

January, 2008

On time

LSA-UHP (partner 7) 

22

Practical handbook on Eurasian perch culture

8

January, 2008

On time

CEFRA (partner 9)
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2 - Final plan for using and disseminating the knowledge 

A - Exploitable knowledge and its Use

All major results (see lists of deliverables and milestones) are or will be used by SME partners for their future developments. Important extensions of activity have been decided by some partners. For example, Lucas perches company (partner 1) has decided to increase its production level from 20 tons to 100 tons and to develop his own nursery (investment around 700,000 euros) in 2007. In Ireland, in partnership with PDS Irish Waters Perch (juvenile supplier), two new farms are now built for Eurasian perch on-growing. Thus, these partners are going to integrate the main Percatech results in their future activity (protocol to induce out-of-season spawning, insemination procedure, technique to produce functional XX males…). The evaluation of the juvenile production cost has also helped SMEs to better understand their real potentialities for the Eurasian perch culture considering their rearing system. For example, the use of pond systems appears not adapted. This establishment has conducted some partners (partner 3 and 5) to reconsider their choices in term of Eurasian perch culture.

Likewise, Percatech results will be used by other European SMEs after their dissemination.

B - Dissemination of knowledge

March 2005 - September 2005: Development of a specific website (http://www.percatech.org) to promote the Percatech project and disseminate the main objectives and the main results.

September 2005 – January 2006: Contact and discussion with the Federation of the European Aquaculture Producers FEAP (C. Hough) to organize a further specific workshop on Eurasian Perch (or percids) culture progress.

November 2005: Contact with the co-ordinator of the co-operative research project “Luciopercimprove” to organize a further specific workshop on Eurasian Perch (or percids) culture progress. Development of links between the websites of the Percatech and Luciopercimprove projects.

November 2006: Presentation the main Percatech results during the workshop « Fish farming technologies for SMEs – Technology challenges and market opportunities », organized by the UE (November 23, 2006, Brussels, Belgium).

February 2007 - August 2007: Redaction of a technical handbook (paper format + CD-ROM) on Eurasian Perch culture for professionals (coordinators: D. Torner and C. Rougeot).

October 2007: Participation to a French workshop on Eurasian perch culture organized by the “Lycée aquacole de Poisy-Chavanod”, near Annecy, France.

January 2008: Organisation of a specific workshop on Percid culture progresses (see page 36) in collaboration with the Federation of the European Aquaculture Producers (FEAP) and the consortium of the “Luciopercimprove project” (coordinators: P. Fontaine and P. Kestemont). That has been accepted by the consortiums of the 2 projects. Distribution of the practical handbook to all participants.

Table 9. Overview table of the dissemination knowledge.
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On time

Publishable final 
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All

no known

Partner 7 

On time

Conferences

Fish 

farmers

All

60

Partner 7 

October 2007

Conferences

Fish 

farmers

France

50

Partners 1, 3, 6, 7, 8 and 

9 

End 2006 / 

January 2008

Specific 

Workshop

Fish 

farmers

All

100

Partners 7 and  8 

End 2006 / 

January 2008

Practical 

handbook

Fish 

farmers

All

500

Partners 6 and 9

On time

Scientific 

publications

Research

All

no known

All partners


C - Publishable Results

All publishable results will be published in scientific peer-reviews (when possible) and in professional workshops. For scientific publications, some results have already been published or publications are submitted (see page 35), the other data will be published in 2007. For the professionals (fish farmers, end-users like filleting factory or fish traders, investors…), a specific strategy has been established to publish the results (specific workshop on percid culture + practical handbook). The abstracts of the communications presented during the Percid workshop will be published in English by the “Presses Universitaires de Namur” and distributed to all participants.
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