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Objective: (from DOW).  Based on the trials and conclusions of the previous deliverables, this report will provide a formulation adapted to pikeperch requirements for a better fish performance and higher stress resistance in this species.

Description:  Based on gathered information obtained within the experimental framework of WP 10.1 and 10.2 (Please see D10.1 and D10.2) the partners conducted a final larval experiment at commercial conditions. The experiment involved formulation of a test diet (D1) and test of this diet against a commercial control diet on performance of pike perch larvae from start of dry feed weaning at 14 days post hatch until 52 days post hatch (DPH). An additional diet (D2) was included, almost similar to D1, but in this diet marine phospholipids (lecithin) were replacing soybean lecithin included in diet D1. The experiment took place at a commercial farm, Fish2Be (P29), the Belgium.
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Introduction 
Pikeperch culture is still in its infancy, and total European aquaculture production does not exceed 3000 MT (FAO Fisheries Stat. 2016). Tailored commercial starter diets have yet to be formulated for pike perch larvae and juveniles. For commercial success, an important factor is feed quality during these critical rearing periods to obtain higher growth and survival, less deformities and reduced cannibalism. Specific knowledge on requirement and optimal levels of major essential nutrients such as lipids, specific dietary fatty acids (LC PUFAs), vitamins  and minerals in pike perch larval nutrition  is relatively  limited during early ontogeny, but it has been proen, that  dietary n-3 long-chain PUFA (LC-PUFA), such as EPA (20 : 5n-3) and DHA (22 : 6n-3), play critical roles in performance; neurological development and stress resilience of pikeperch larvae and fry; while dietary DHA deficiency may provoke shock syndromes and large mortalities (Lund & Steenfeldt, 2011, Lund et al., 2012; Lund et al., 2014). Similarly, in addition a relative high requirement for dietary phospholipids has recently been reported (Lund et al., 2018). 

The interactions between LC-PUFAs and vitamins, especially vitamin E and/or vitamin C have been reported in several freshwater species, and these vitamins also constitute a part of larval defense against lipid oxidation. Also dietary minerals are of high importance and interactions among nutritional factors can yield antagonistic, additive or synergistic effects. Selenium (Se) has been investigated with respect to its antioxidant role in fish larvae (Moren et al., 2011; Betancor et al., 2012, Saleh et al., 2014),  and the interaction between calcium (Ca) and phosphorus (P) remains among the most important between minerals. In fact dietary Ca/P ratio should be considered as well as individual dietary levels of minerals (Li et al., 1986), since the ratio between Ca and P affects the uptake of calcium (Moren et al., 2011). As Ca and P exist in a constant ratio in fish bone (NRC, 1993), this suggests needs to be maintained in fish feeds (Hussein & Yoshimatsu 2014). 

Based on experiments conducted and results obtained in WP 10.1 and WP 10.2 regarding optimal dietary lipid class composition; LC PUFA levels and ratios; levels and ratios of vitamins (Vit A, E, C, D) and minerals (Ca/P, Se) an experimental test diet  (D1) was formulated.  This was carried out in cooperation with SPAROS, Portugal and was tested on larvae from start weaning to dry feeds until juvenility (i.e. from 16 DPH to 52 DPH). An additional diet (D2) was included in the experiment. This diet was similar to D1, apart from that the vegetable phospholipids (included in D1, i.e. soybean lecithin) was substituted with marine phospholipids (Table 1). 

The main specific outcome of the experiment was growth performance, degree of malformation and survival rate of pikeperch larvae/juveniles.
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Experimental design
Diets and feeding
Two experimental diets were formulated and fabricated by SPAROS, Portugal as cold extruded feed pellets of 200-400 µm and 400-700 µm. The diets were shipped to Fish2Be, Kinrooi, Belgium. A commercial larval diet; Otohime from Marubeni Nisshin Feed co, Japan, was used as a reference. 
Diet formulation
The two experimental diets (D1 and D2) were formulated based on an optimal phospholipid content found in a previous experiment (see D.10.1) andprovided by vegetable soy bean lecithin, SBL). LC PUFA levels and ratios of DHA:EPA:ARA were adjusted (i.e. for D1) according to previous found optimal levels (See D.10.1). Total P and CA:P was included and targeted atlevels found to be optimal. The specific  formulation of the diets is not shown here, as it may be part of  a specific Diversify patent application.

Table 1: Formulation of the experimental diets (%)
	
	D1 (SBL)
	D2 (MPL)
	*Otohime
(CTR.)

	Ingredients (%)
	
	
	

	(Fish Meal)
	
	
	>20

	
	
	
	

	Squid meal
	
	
	>15

	Krill meal
	
	
	>35

	Potato Starch
	
	
	<5

	Fish Oil
	
	
	<5

	Brewers Yeast
	
	
	<5

	Vit.& Min. premix PV01
	
	
	<5

	Binder (guar gum)
	
	
	<5

	
	
	
	

	Paracoccus (Dried bacterial powder)
	
	
	<5

	Calcium Carbonate
	
	
	<5

	Sodium phosp. (NaH2PO4)
	
	
	<5


*Approximate data from the manufacturer


The analyzed proximate content of the main important nutrients and minerals is shown in Table 2 (Information not shown for D1 and D2). For D1 soybean lecithin was used as phospholipid source, while for D2 a marine phospholipid was used (MPL 40). The main proximate composition of the two experimental diets was similar in terms of phospholipid content, but as marine phospholipids contain LC- PUFAs as opposed to soy lecithin- the diets differed in EPA and DHA content for which the content was approximately 4 times higher in D2 (Table 2).   


Table 2: Proximate composition (% as fed) of the experimental diets
	
	D1
	D2
	Otohime (ctr)*

	Crude protein
	
	
	56.3

	Crude fat
	
	
	15

	Crude ash
	
	
	14.3

	Gross energy  (MJ/kg feed)
	
	
	*

	Total P
	
	
	2.3

	Ca
	
	
	2.7

	Ca/P
	
	
	1.2

	ARA (20:4n-6)
	
	
	*

	EPA (20:5n-3)
	
	
	*

	DHA (22:6n-3)
	
	
	*

	Total phospholipids
	
	
	*


*Based on manufacturers info - Data on analytical composition not available 

System design and preparation

Eggs were obtained through artificial spawning as described by (Żarski et al. 2012,Kucharczyk et al.2007, Zakęś and Demska-Zakęś 2009, Zarski et al. 2013) between the 22nd and 25th of March 2018 and were incubated in glass jars for around 7-9 days. Larvae hatched between the 31st of March and 2nd of April and were distributed in 6 identical tanks of 500 l each (90 cm ø and 60 cm depth). After yolksac resorption larvae received high HUFA Artemia (AF 430 from INVE NV, Belgium) for several days, after which they switched to EG Artemia from INVE NV enriched for 24hrs with Easy Selco from INVE NV, Belgium. Around day 14 after hatching larvae were slowly adapted to dry feed. This was done initially with Otohime B1 from Marubeni Nisshin Food C.O.co, by gradually reducing the amount of Artemia per day and increasing the amount of dry food over a period of 9 days. On day 16 all larvae were redistributed in the 6 tanks. Each tank was stocked with 35 000 larvae.  From that day, 2 tanks were switched to diet D1 and 2 tanks to diet D2; the remaining 2 tanks kept receiving the commercial diet. Artemia feeding was stopped on day 22 post hatch.

Feeding

Feed was distributed by means of belt feeders, with a 12-hour clock. In the morning and in the evening around 10% of the feed was delivered manually as well. The feed was calculated to be around 15% of the daily body weight in the first week and weekly reduced to ultimately 8% by the end of the trial on day 52 DPH. In the first 2 weeks solely the smallest of the diets was supplied. On day 26 DPH 50% of the larger diet (+400µm) was mixed in and from day 32 solely the +400µm crumble was used. The feeding period was during the hours 9:00am till 10:00pm following the light regime, with full darkness outside these hours. From day 26 DPH high mortalities were observed in the tanks that received the D2 diet. Due to the stickiness of the crumble (most likely due to the high phospholipid content )and the moisture in the air, the feed did not disperse well in the tanks with D2.. The feed was subsequently switched in these tanks to the larger size to see if this worked better, however on day 35 the changes had not enough effect and otohime was mixed in. Both tanks with D2 were then later on taken out of the experiment to prevent even more losses, but the damage was done.
Rearing conditions
Water was continuously aerated. Temperature and oxygen were continuously monitored; average water temperature along the trial was 17.7 ± 0.7 °C and water dissolved O2 reached 7.7±1.1 mg l-1. The photoperiod was kept at 14h light: 10h dark. Lights were hanging directly above the tanks.  Tanks were daily manually cleaned between 03:00 pm and 05:00 pm by a siphon system. During the experiment the approximate daily mortality was recorded and a regular check by measuring ammonium (0.08 ± 0.02 mg·l-1NH4 +– N) and nitrite (0.69 ± 0.10 mg·l-1 NO2 -–N) concentrations was performed. On DPH 16, 210 000 larvae were equally distributed over 6 tanks.  Two tanks each received diet D1, another 2 tanks D2 and the remaining 2 the commercial diet Otohime CTR. 
[bookmark: _Toc450551535]Samplings and output variables
Several parameters were evaluated including husbandry variables; survival; growth performance and anomalies.  
Final survival was calculated by individually counting all the living larvae at the end of the experiment. Survival was calculated as the percentage between final and initial number of fish. Mortality did not consider missing larvae due to type II cannibalism (i.e. fish completely ingested, usually head first, by a cannibal), while the mortality due to cannibalism was thus estimated by adding missing larvae to dead larvae due to cannibalism, partly consumed by their conspecifics (Nc+Nm). 

Growth was monitored by sampling 20 - 40 larvae per tank several times during the experiment (35 and 52 DPH for D1 and OTOHIME and at 35 DPH and 46 DPH for D2) At the moment of sampling, the weighed larvae were fixed in 10% buffered formalin and kept until analysis to determine the rate of malformations.  The number of sampled larvae was taken into account for survival calculation.

Survival, growth and cannibalism rates were assessed as follows:

Counted mortality (%) =100 (Nd+Nc) Ni−1;  Survival (%) =100 Nf Ni−1 ; Cannibalism (%) =100 (Nc+Nm) Ni −1 

Specific growth rate (SGR, % day−1) =100 (LnWf− LnWi) ΔT −1 where: Ni and Nf=initial and final number of fish per tank, Nd=number of dead fish without signs of cannibalism, Nc=number of dead fish due to cannibalism (generally type I cannibalism, i.e. fish partly consumed by a cannibal), Nm=number of missing fish at the counting (end of experiment, Nm= Ni-Nd-Nf), Wi and Wf =initial and final body weights (mg), ΔT=duration of the experiment (days).
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All the significant effects were then tested with  Sigma Plot Ver. 13.0 software for windows  by a paired T.- test. (P<0.05). Normality was tested by Shapiro- Wilk and variance by Brown – Forsythe. If fail of normality a Mann-Whitney Rank Sum Test was used.


Results 

The result of the larval growth (weight (g), length (cm)) at 35 and 52 DPH (for diet D1 and Otohime) is shown in Fig. 1. Average overall growth for all three diets is shown in Fig. 2.
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Figure 1: Individual weight (g) and fork length (cm) of sampled larvae at 35 (A, B) - and 52 DPH (C, D) for larvae fed exp. diet D1 or commercial Otohime control.
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Figure 2: Average larval weight and length at 35 and 52 DPH for exp. D1 and commercial Otohime as well as D2 (DPH 35 and *46, *mix of diets)


As noticed from Fig.1 - and Fig. 2 larvae from D1 sampled at 35 DPH and 52 DPH were significantly larger (P<0.001) than larvae fed the commercial Otohime diet in terms of weight and length.  Average growth calculated as SGR was 12.1 - and 10.8 % d-1 for D1 at 35 and 52 DPH, respectively, while 11.5 - and 10.1 % d-1 for Otohime, (P<0.001). 

Results from the D2 diet is only shown for DPH 35 and DPH 46, as mortality was so high, another diet was provided along with D2 from 35 DPH onwards to these tanks to avoid total mortality and consequently this diet was not included in the further evaluation. 
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Figure 3: Cumulative recorded mortality for each of the experimental tanks.

Cumulative recorded mortality in the tanks fed with D1 was 57% and 55% (Fig. 3), whereas final survival was 22% and 23%. Approximately 21-22% in each of the tanks could be attributed to fully ingested cannibalism or loss in the system. For the commercial diet this amounted to 51% and 53% for the recorded mortality and final survival was around 28% and 26%, therefore in these tanks around 21% of the disappearances could be attributed to ingested cannibalism or loss in the system.
As mentioned, in the tanks with diet D2, shortly after introduction of the feed massive mortality occurred. Lots of larvae were floating on the surface, with what appeared to be air in the stomach and/or intestine. No histology was performed to determine the cause. As a result the test with diet D2 was stopped and larvae were transferred on the commercial diet shortly after the problems occurred. Also one tank was drained and mixed with the larvae of the second D2 tank. Total survival of this group of larvae was less than 5% even after giving them a standard diet.

Deformities:
A few examined larvae in each tank showed scoliosis and lordosis, as well as some jaw deformities, but the occurrence was low and did not indicate an effect of dietary treatment, thus was not further examined.


Discussion 
Based on nutritional research carried out in WP 10, it was possible to formulate a diet, which was superior to a commercial diet, Otohime in terms of larval growth at 35 DPH and 52 DPH, when tested at commercial farm conditions. However, as estimated mortality for the experimental diet was slightly higher, than for the commercial diet tested, this may have affected the size distribution in the population of surviving larvae. 
Inclusion of very high levels of marine phospholipids instead of soy bean lecithin cannot be recommended and need further examination, as larvae experienced mortality due to inflation and subsequent mortality   

Conclusion
It was possible to formulate a diet (D1) which showed optimal growth of pike perch larvae during weaning and subsequent rearing until juvenility as compared with a high quality commercial larval feed from Japan . 
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