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Abstract

This trial aimed to customize pikeperch (Sander lucioperca)

larval nutrition using live feed enrichments based on Chlo-

rella vulgaris and Trachydiscus minutus. Pikeperch larvae

were fed with rotifers and Artemia enriched with C. vulgaris

and T. minutus during the first 17 days after exogenous

feeding (started 4 days post-hatching [dph]) and only

Artemia until 20 dph. Larvae were exposed to seven differ-

ent enrichments: (a) Nannochloropsis occulata (Nanno 3600

reed Mariculture) (Control), (b) C. vulgaris cultured at 20�C in

BG-117 medium (BG20), (c) C. vulgaris cultured at 30�C in

BG-117 medium (BG30), (d) T. minutus cultured at 15�C

(T15), (e) T. minutus cultured at 25�C (T25), (f) C. vulgaris cul-

tured at 20�C in urea medium (U20), and (g) C. vulgaris cul-

tured at 30�C in urea medium (U30). After 20 days, no

significant differences were found between treatments on

total length, standard length, myomere height, and eye

diameter. On the contrary, significant differences were

found in larval fatty acid composition after the trial period.

Larvae from the BG30 treatment showed a significantly

higher concentration of docosahexaenoic acid (5.61%), and
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larvae from the T25 treatment had a higher concentration

of eicosapentaenoic acid 12.95%. Furthermore, larvae from

the U20 treatment had a significantly higher arachidonic

acid concentration of 0.116%. Overall, regarding essential

fatty acid concentration, a significant difference was

observed between the control treatment (Nannochloropsis)

and the other treatments. No adverse effects were found

on growth or survival when Nannochloropsis-enriched live

feed was replaced with the other enrichments. This trial's

results will help optimize the pikeperch larvae's nutritional

requirements and diversify the live feed enrichments used

during the first feeding.

K E YWORD S

Chlorella, fatty acids, first feeding, fish larvae, rotifers, Trachydiscus

1 | INTRODUCTION

Pikeperch is a highly demanded new fish species (Policar et al., 2013) included in the list of species for diversification

of freshwater-intensive aquaculture in Europe (Křištan et al., 2013; Pěnka et al., 2023). Its aquaculture technology

has been developed in Europe for over 25 years (Policar et al., 2019). Controlled larval culture is critical for develop-

ing a reliable and stable pikeperch production, which involves optimizing exogenous feeding (Imentai et al., 2020),

live feed enrichments (Yanes-Roca, Leclercq, et al., 2020; Yanes-Roca, Mráz, et al., 2020; Yanes-Roca et al., 2022),

and a practical application (Imentai et al., 2019).

Just like in other aquaculture species, pikeperch larvae rely on live feeds, such as microalgae, rotifers, and

Artemia salina (Yanes-Roca et al., 2018; Yanes-Roca, Leclercq, et al., 2020; Yanes-Roca, Mráz, et al., 2020), mainly

because of their high nutritional composition and size (Hamackova et al., 2009; Imentai et al., 2020; Policar

et al., 2007; Wocher et al., 2012; Yanes-Roca et al., 2018). These organisms are effectively added to the larval tanks

for larval first exogenous feeding because of their free-swimming ability, which makes them the ideal prey. Such abil-

ity also stimulates a feeding response in larvae (Kinne, 1997; Watanabe et al., 1978).

Enrichment methods have been developed in marine fish species to improve the nutritional quality of rotifers

and Artemia. Feeds such as microalgae (Morizane, 1991), baker's yeast (Lubzens et al., 1989), and commercial diets

(Cavalin & Weirich, 2009) are commonly used in aquaculture hatcheries. Because of their filter-feeding ability, roti-

fers and Artemia are exposed to particular enrichment over a period (8–15 h), enhancing their biochemical composi-

tion (Klaoudatos et al., 2004). Commercial enrichment diets are customized to meet the larvae's nutritional needs

(Ferreira et al., 2018; Mæhre et al., 2013; Olsen et al., 1993) but tend to be more costly. Nevertheless, microalgae

can provide high nutritional value by manipulating temperature and using various culture media, so their nutritional

composition can be adjusted to the needs of fish larvae (Ferreira et al., 2008, 2009), and therefore commercial diets

could be partially replaced (Aragão et al., 2004; Fehér et al., 2013; Koiso et al., 2009; Lee et al., 2019; Mæhre

et al., 2013; Srivastava et al., 2006). One of these microalgae is Chlorella vulgaris, a fast-growing unicellular green

microalga (Chlorophyta) that is widely used as a human food supplement (Görs et al., 2010), being rich in omega-3

long-chain polyunsaturated fatty acids (LC-PUFA). This has been added to fish diets (Estudillo-del Castillo

et al., 2009) and has been fed to species like Ayu (Plecoglossus altivelis), the Korean rockfish (Sebastes schlegeli) and
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pikeperch (Bai et al., 2001; Nematipour et al., 1987; Yanes-Roca et al., 2018; Yanes-Roca, Leclercq, et al., 2020;

Yanes-Roca, Mráz, et al., 2020).

Such nutritional value enhancement has a direct effect on growth, functional development, stress resilience, and

survival rate, as shown in several species such as barramundi (Lates calcarifer), seabream (Sparus aurata), seabass

(Dicentrarchus labrax), and pikeperch (Ferreira et al., 2018; Nyina-wamwiza et al., 2005; Thépot et al., 2016; Yanes-

Roca, Leclercq, et al., 2020).

This study aimed to enhance pikeperch nutrition by providing larvae with a diet adjusted to pikeperch's require-

ments during the first 20 days post-hatching.

2 | MATERIALS AND METHODS

The experimental trial was run at the Facility of Fisheries and Protection of Waters (FFPW), University of South

Bohemia in Vodňany, Czech Republic. Experimental larvae were obtained from six pairs of pikeperch broodstock

(males TL = 527 ± 33 mm/W = 1441 ± 101 and females TL = 519 ± 33 mm/W = 1388 ± 163 g) obtained from an

outdoors aquaculture pond at Fishery Nové Hrady Ltd. (Czech Republic). Broodstock were exposed to all year round

to natural environment conditions and fed mostly on live prey fish (Pseudorasbora parva) available at the pond.

Broodstock were sampled during the month of April in a weekly basis to assess the reproduction status (mostly trig-

gered by the seasonal temperatures and photoperiod changes) (Křištan et al., 2014; Malinovskyi et al., 2018, 2019).

Spawning and hatching of experimental larvae were synchronized by hormonal treatment of both sexes with

Chorulon preparation (HCG 500 IU.kg�1), performed a by a single injection. Females were injected once stage 5 was

reached (Blecha et al., 2016). After five spawnings, five nests with attached and fertilized eggs (89.3 fertilization rate

and average diameter size 1.4 ± 0.42 mm) were moved from a small pond to five indoor tanks (each of 350 L) con-

nected to an RAS at USB, FFPW. Ninety-five percent of hatching occurred after 7 days at a water temperature of

17 ± 0.2�C and under a 15L/9D photoperiod. In total, 12,600 larvae after 3 days post-hatching (dph) were stocked

for this study after 3 dph.

Larvae were stocked with an initial density of 100 larvae per liter (Policar et al., 2019) into 21 experimental rea-

ring tanks (6-L cuboidal tank, three tanks per group), which were part of one separated experimental RAS in USB

FFPW. Rearing conditions were set up at 17 ± 0.4�C, salinity of 4 ± 0.4 ppt, and the same photoperiod as the incuba-

tion period (15L/9D) and at a light intensity of 300 lux. Dissolved oxygen was kept at over 75%. The concentration

of total ammonia (TAN) and nitrite were monitored according to Pěnka et al. (2021) every 3 days and were kept

within the following range, respectively: TAN = 0.19 ± 0.05 NO2 = 0.20 ± 0.01 mg L�1. Daily cleaning and mainte-

nance were done in order to keep clean conditions within the experimental tanks.

In total, seven treatments were tested.

Rotifers and Artemia, were fed with the different microalgae. Concentration of such microalgae at the live feed

culture vessels was kept at 600.000 cells per mL. Rotifers were cultured following a 7-day batch system in 50-L cul-

ture vessels at an average concentration of 567 rotifer per mL. Rotifer average size was 280 μm. Rotifers and

Artemia were placed for 14 h and held at 15�C prior to feeding. Artemia nauplii's average size was 430 μm.

The first was the control treatment (Control), where larvae were offered rotifers (Brachionus plicatilis) fed with

Nannochloropsis occulata (Nanno 3600TM Reed Mariculture, Campbell, CA), at a rate of 1 mL of paste per liter of cul-

ture twice a day during the first 11 days (4–14 dph), and A. salina fed with same the microalgae feeding as rotifers

from 12th dph until the end of the trial (20 dph).

The second treatment, BG20, followed the same feeding protocol as the Control, but rotifers and Artemia supplied

to the larvae were fed with C. vulgaris grown in BG-11 medium at 20�C (Hu, 2013). In treatment BG30, the live feed was

fed with C. vulgaris cultured at 30�C in BG-117 medium. The fourth and fifth treatments (U20, U30) used C. vulgaris cul-

tured at 20�C and 30�C, respectively, in urea medium as a feed for the rotifers and Artemia. The last two treatments were

based on the eustigmatophyte Trachydiscus minutus cultured at 15 and 25�C (T-15, T25) in BG-117 medium. All
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microalgae cultures were performed in an annular photobioreactor at the Institute of Microbiology in Centre Algatech

(Třeboň, Czech Republic). The following protocol was used to produce such cultures: After reaching the stationary growth

phase, cultures were transferred into the annular column photobioreactor (AC-PBR) and adjusted to a total volume of

30 L using BG11 medium, as detailed in Ranglová et al. (2022). The AC-PBR was continuously illuminated and agitated by

bubbling air mixed with 1% CO2 (v/v) at a flow rate of 3 L/min. Initial biomass densities ranged from 0.5 to 0.8 g of dry

weight per liter. It took 14 days for the cultures to reach the stationary phase.

Starting with an initial light intensity (LI) of 200 μmol photons m�2 s�1, the light intensity was gradually

increased based on penetration values, reaching a maximum of 1600 μmol photons m�2 s�1. Transmitted light was

manually measured using a spherical sensor within the culture. Temperature was maintained at the optimal level for

each strain: 25�C for Chlorella and 27�C for Trachydiscus (Ranglová et al., 2022).

Rotifers were fed to the larvae thrice daily (08:00, 11:30, and 15:30 h), starting at 4 dph until 14 dph with an ini-

tial concentration of 10 individuals per mL (Table 1). Artemia feeding was applied in each experimental group from

12 dph until 20 dph, increasing density from 2 to 8 in. per mL. Prior to each feeding, residual counts were measured

and feeding densities were steadily increased based on the counts (Table 1). From 17 to 20 dph, the final live feed

density was applied as 0 rotifers mL�1 and eight artemia mL�1. Live feed (rotifers and Artemia) culture for the experi-

mental trial was performed onsite (Yanes-Roca, Leclercq, et al., 2020).

The water flow rate through the experimental tanks began at 100 mL.min�1 and gradually increased according

to the data presented in Table 1. In order to enhance the feeding efficiency of the larvae, the water flow was inter-

rupted and then restarted 2 h after the live feeds were applied before each feeding session. On the 21st day follow-

ing hatching, the final morphometric analysis was conducted using 102 larvae per treatment (34 for each tank

repetition) which included measurements of TL, SL, MH, and ED. This analysis was carried out using the Olympus

TABLE 1 Experiment with husbandry schedule for pikeperch larvae.

DHP Daily feed: rots-art/mL Flow (mL/min)

3 No feeding 100

4 10-0 100

5 10-0 100

6 10-0 100

7 10-0 100

8 14-0 160

9 14-0 160

10 14-0 160

11 14-0 160

12 14-2 200

13 10-3 200

14 8-4 200

15 0-7 250

16 0-7 250

17 0-8 250

18 0-8 250

19 0-8 250

20 0-8 250

21 End of trial 250

Note: The amount of daily live feed offered and recirculation flow changes through tanks with time are shown.
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cellSens imaging software (version 1.3). Additionally, for fatty acid (FA) analysis at 21 days post-hatch (dph), 60 larvae

per treatment (20 for each tank repetition) were collected, shock-frozen, and stored at �80�C. Moreover, the FA

composition of all rotifers, and Artemia utilized in each treatment during the trial was analyzed (3 mg).

2.1 | Fatty acid analysis

All frozen samples were analyzed at the USB, FFPW, Laboratory of Nutrition. Lipid extraction was carried out follow-

ing the protocol of Hara and Radin (1978) with slight modifications. In brief, to approximately 0.05 g of larvae sam-

ples were added 1 mL of deionized water and mixture was homogenized in 10 mL of hexane-isopropanol (3:2) and

6 mL of Na2SO4 (6.67%) were added to the obtained homogenates and mixed. After centrifugation, the upper lipid

phase was transferred into pre-weighted tubes and subsequently evaporated under nitrogen. Final determination of

lipid content was carried out gravimetrically.

Methylation of 1 mg of lipids was induced with boron trifluoride-methanol complex solution and NaOH as

described by Appelqvist (1968). Resulting fatty acid methyl esters (FAME) were checked on TLC plate and analyzed

using a gas chromatograph (Trace Ultra FID; Thermo Scientific, USA) equipped with a BPX 70 column (SGE, USA).

Subsequently, comparison of FAME retention times for sample and standards GLC-68D was used to identify fatty

acid compositions.

Methods applied for lipid extraction and methylation of rotifers and artemia followed the same protocol as the

larval analysis (Appelqvist, 1968; Hara & Radin, 1978).

This study was performed under RTD capacity permits issued to No. 58672/2020-MZE-18134 and

No. 33446/2020-MZE-18134. Larvae during this trial were handled under national (the Czech National Directive

Law against Animal Cruelty, No. 246/1992) and international animal welfare protection guidelines (EU-harmonized

Animal Welfare Act of the Czech Republic). All samples were performed with the appropriate permission of the

Departmental Expert Committee for the Authorization of Experimental Projects of the Ministry of Education, Youth,

and Sports of the Czech Republic, permit no. MSMT-8155/2022-4 for project NAZV QK22020144.

2.2 | Statistical analysis

A series of tests using R Core platoon (2014), were conducted to assess the impact of various enrichment methods

on the growth and fatty acid composition of fish larvae. Multiple response variables were used, including total length,

standard length, myomere height, eye diameter, and fatty acid composition (LA, ALA, ARA, EPA, and DHA). Survival

rates were also analyzed across different enrichment groups. Analyses were performed using direct mixed models

(LMM) and generalized direct mixed models (GLMM) with binomial error structures (package auto, interpretation

2.1.2; Fox & Weisberg, 2011; LMM, package lme4, interpretation1.1- 7; Bates et al., 2014). The tank was included as

an arbitrary effect, and multiple pairwise comparisons were conducted using Tukey's all-pairs and all-days compari-

sons. Bonferroni correction was applied to adjust the p-values for multiple comparisons (package multcomp, interpre-

tation1.3- 3; Hothorn et al., 2008). All analyses were carried out in R, with statistical significance set at p = 0.05.

3 | RESULTS

3.1 | Survival

Survival rates were not significantly different among treatments (GLMM and pairwise comparisons p > 0.005); over-

all average survival from all treatments was 36.6 ± 1.9% after 17 days of culture at age 21 dph. Although not

YANES-ROCA ET AL. 5 of 18
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significant, the highest survival rate (39.4 ± 2.7%) was from the T25 treatment, followed by the U20 treatment (38.6

± 0.5%) and the U30 treatment (37.3 ± 1.1%). The survival rate in the control treatment was 36.7 ± 2.7%, followed

by BG20 (35.1 ± 2.3%) and T15 (34.8% ± 0.9), and the lowest was from BG30 (34.4 ± 2.1%) (Figure 1).

3.2 | Larval growth

In terms of growth parameters, larvae fed from the BG30 treatment have higher values in total length (TL = 11.5

± 1.35 mm) and myomere height (2.0 ± 0.02 mm), especially when compared with the control treatment but no sig-

nificant differences were found between treatments.

Initial pikeperch larval total length and body weight at 3 dph was TL = 5.25 ± 0.5 mm and BW = 0.52 ± 0.1 mg.

By the end of the trial (21 dph), the average total length was more significant in larval-fed BG30 (TL = 11.48

± 1.35 mm) than in other treatments (control: TL = 9.9 ± 1.41 mm, BG20 = 11.0 ± 1.5 mm, U20 = 11.01 ± 1.3 mm,

U30 = 11.35 ± 1.5 mm, T15 = 10.73 ± 1.6 mm, T25 = 11.3 ± 1.3 mm) (Figure 1). However, no significant treatment

differences (LMM, p-value >0.05) were found.

A similar pattern was found in myomere height, with larvae from BG30 having the highest value (2.04

± 0.31 mm), and the control treatment had the lowest MH = 1.55 ± 0.25 mm. However, no significant differences

were detected (LMM, p-value >0.05) among treatments (BG20 = 2.10 ± 0.25 mm, U20 = 19.01 ± 0.3 mm,

U30 = 1.96.35 ± 0.3 mm, T15 = 1.89 ± 0.3 mm, T25 = 2.02 ± 0.2 mm, Figure 1). When looking at the eye diameter,

larvae from BG20 had the highest value (ED = 0.93 ± 0.08 mm), and the control treatment had the lowest values

(ED = 0.59 ± 0.09 mm). Again, no significant differences were found (LMM, p-value >0.05) among the tested

F IGURE 1 Larval growth parameters and survival from seven diet treatments at 21 dph (n = 100). Survival, ED,
eye diameter; MH, myomere height; SL, standard length; TL, total length. Dots show mean values and whiskers

indicate standard error.
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treatments (BG20 = 0.93 ± 0.07 mm, U20 = 0.82 ± 0.1 mm, U30 = 8.80 ± 0.1 mm, T15 = 0.88 ± 0.1 mm,

T25 = 0.92 ± 0.1 mm, Figure 1).

3.3 | Fatty acids

Larvae from the BG30 treatment showed a significantly higher concentration of docosahexaenoic acid (DHA)

(5.61%) (Figure 2). The larvae from the T15 treatment had a higher concentration of eicosapentaenoic acid (EPA;

C20:5n-3) (12.945%) and the larvae from the treatment U20 treatment had significant (LMM, p-value <0.05) higher

concentration of arachidonic acid (ARA) (0.12%) among all treatments (Figure 2).

The fatty acid composition of Artemia and rotifers enriched with the different microalgae diets and Nanno

3600, Reed Mariculture, Campbell, CA, are shown in Tables 2a, 2b and 3a, 3b. Rotifers fed on the Chlorella BG30

and BG20 had 2.03 and 1.87 times higher LA levels than rotifers fed on Nannochloropsis (Control). In comparison,

the a-linolenic acid (ALA) levels were 1.23 and 0.96 times higher (Table 3a). On the contrary, DHA levels were 4.78

times and 3.87 times lower in the rotifer group fed on the BG30 and U30 diets than the rotifers fed on

Nannochloropsis (Control) (Table 3a, 3b). However, rotifers fed on BG20 and T25 had 1.43 and 2.11 times higher

ARA values than the Control. When looking at EPA values, rotifers fed on T15 and T25 had 1.77 and 1.84 times

higher concentrations than those rotifers fed on Nannochloropsis (Table 3b) (LMM analyses, all with p-value <0.001).

The fatty acid profile of the artemia groups fed on the identical diets as the rotifers showed the same pattern, where

the control treatment has the highest concentration of DHA (1.81 ± 0.07%) compared with the other treatments

(Tables 2a, 2b and 3a, 3b). Larvae from the BG30 treatment showed significantly higher concentration of doco-

sahexaenoic acid (DHA) (5.61%) (Figure 2). The larvae from the T15 treatment had a higher concentration of

F IGURE 2 Larval essential fatty acids composition (a, LA, b, ALA, c, EPA, d, DHA, e, ARA) 21 days post-hatching.

Statistically significant differences between treatments at 21 dph are marked with an asterisk.
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TABLE 2a Artemia fatty acid composition after enrichment and pikeperch larvae total fatty acids percentage
composition and standard deviation (±), from the Control (Nannochloropsis) and Chlorella treatments BG20, BG30,
and U20 after 21 days post-hatching (NF, no values detected).

FA [%] Organism Nannochloropsis BG20 BG30 U20

14:00 Artemia 2.011 ± 0.01 3.366 ± 0.01 3.560 ± 0.01 2.558 ± 0.01

Larvae 0.792 ± 0.02 0.731 ± 0.00 0.774 ± 0.26 0.654 ± 0.00

14:1 Artemia 2.926 ± 0.00 2.700 ± 0.00 3.307 ± 0.00 3.913 ± 0.00

Larvae 0.409 ± 0.02 0.404 ± 0.02 0.194 ± 0.20 0.369 ± 0.02

16:0 Artemia 16.032 ± 0.41 15.644 ± 0.26 14.759 ± 0.78 13.907 ± 0.26

Larvae 16.767 ± 0.45 17.010 ± 0.30 18.561 ± 0.82 17.403 ± 0.30

16:1 Artemia 9.270 ± 0.36 4.783 ± 0.16 5.226 ± 0.01 5.542 ± 0.16

Larvae 7.434 ± 0.40 6.891 ± 0.21 5.774 ± 0.03 6.206 ± 0.21

18:0 Artemia 3.801 ± 0.43 8.296 ± 0.15 7.006 ± 0.79 5.159 ± 0.15

Larvae 8.577 ± 0.47 8.546 ± 0.19 8.343 ± 0.83 8.915 ± 0.19

18:1n-9 Artemia 3.510 ± 0.36 3.198 ± 0.00 3.409 ± 3.66 3.089 ± 0.20

Larvae 18.414 ± 0.40 18.003 ± 0.04 19.503 ± 3.71 17.232 ± 0.04

18:1n-7 Artemia 22.217 ± 0.30 8.503 ± 0.02 9.906 ± 1.55 19.115 ± 0.02

Larvae 13.444 ± 0.34 12.815 ± 0.06 10.834 ± 1.60 12.156 ± 0.06

18:2n-6 Artemia 8.481 ± 0.12 18.859 ± 0.08 17.339 ± 1.39 10.091 ± 0.08

Larvae 3.995 ± 0.16 4.425 ± 0.12 4.522 ± 1.43 3.877 ± 0.01

18:3n-3 Artemia 8.499 ± 0.05 11.302 ± 0.01 10.782 ± 0.02 12.682 ± 0.01

Larvae 1.684 ± 0.16 2.201 ± 0.12 1.695 ± 1.43 2.111 ± 0.12

20:0 Artemia NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

Larvae 0.225 ± 0.09 0.221 ± 0.06 0.209 ± 0.06 0.218 ± 0.06

20:1n-9 Artemia 1.116 ± 0.00 1.653 ± 0.00 1.758 ± 0.00 1.617 ± 0.00

Larvae 0.472 ± 0.02 0.457 ± 0.01 0.589 ± 0.00 0.418 ± 0.01

20:2 Artemia NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

Larvae NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

20:4n-6 Artemia 1.411 ± 0.07 2.072 ± 0.02 2.146 ± 1.21 1.566 ± 0.10

Larvae 0.072 ± 0.01 0.112 ± 0.01 0.096 ± 0.27 0.116 ± 0.01

20:3n-3 Artemia NF ± NF ± NF ± NF ±

Larvae 6.204 ± 0.00 6.137 ± 0.00 6.089 ± 0.02 6.601 ± 0.00

22:0 Artemia NF ± NF ± NF ± NF ±

Larvae 0.302 ± 0.09 0.288 ± 0.14 0.208 ± 2.23 0.241 ± 0.14

22:1n-9 Artemia 0.420 ± 0.01 0.768 ± 0.01 0.531 ± 0.01 1.376 ± 0.01

Larvae 0.324 ± 0.01 0.383 ± 0.01 0.350 ± 0.03 0.387 ± 0.01

20:5n-3 Artemia 6.134 ± 0.15 4.224 ± 0.02 4.567 ± 0.91 3.608 ± 0.30

Larvae 12.624 ± 0.12 12.337 ± 0.02 11.483 ± 1.25 12.849 ± 0.02

22:5n-3 Artemia 6.134 ± 0.15 4.224 ± 0.02 4.567 ± 0.91 3.608 ± 0.30

Larvae 4.410 ± 0.01 4.710 ± 0.00 5.037 ± 0.02 5.638 ± 0.00

22:6n-3 Artemia 1.818 ± 0.12 0.541 ± 0.03 0.275 ± 0.03 0.581 ± 0.04

Larvae 3.789 ± 0.20 4.265 ± 0.03 5.609 ± 0.95 4.487 ± 0.03

24:0 Artemia 1.043 ± 0.26 0.372 ± 0.05 0.628 ± 0.51 0.828 ± 0.05

Larvae 0.063 ± 0.30 0.066 ± 0.09 0.079 ± 0.55 0.085 ± 0.09
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TABLE 2b Artemia total fatty acid composition after enrichment and pikeperch larvae total fatty acids
percentage composition and standard deviation (±), from the Control (Nannochloropsis), the Chlorella treatment U30,
and the Trachydiscus treatments T15 and T25 after 21 days post-hatching (NF, no values detected).

FA [%] Nannochloropsis U30 T15 T25

14:00 Artemia 2.797 ± 0.01 4.852 ± 0.01 6.111 ± 0.01 2.797 ± 0.01

Larvae 0.593 ± 0.01 0.758 ± 0.02 0.624 ± 0.02 0.593 ± 0.01

14:1 Artemia 3.955 ± 0.00 2.223 ± 0.00 1.574 ± 0.00 3.955 ± 0.00

Larvae 0.318 ± 0.00 0.381 ± 0.02 0.308 ± 0.01 0.318 ± 0.00

16:0 Artemia 12.516 ± 0.24 13.252 ± 0.11 15.549 ± 0.16 12.516 ± 0.24

Larvae 17.913 ± 0.24 17.790 ± 0.15 18.401 ± 0.20 17.913 ± 0.24

16:1 Artemia 5.448 ± 0.15 7.161 ± 0.12 5.796 ± 0.51 5.448 ± 0.15

Larvae 5.670 ± 0.08 6.507 ± 0.16 5.592 ± 0.03 5.670 ± 0.08

18:0 Artemia 5.398 ± 0.13 3.932 ± 0.36 5.687 ± 0.01 5.398 ± 0.13

Larvae 9.295 ± 0.03 9.039 ± 0.40 9.247 ± 0.05 9.295 ± 0.03

18:1n-9 Artemia 2.946 ± 0.23 3.346 ± 0.33 2.794 ± 0.06 2.946 ± 0.23

Larvae 17.129 ± 0.19 17.590 ± 0.37 16.614 ± 0.10 17.129 ± 0.19

18:1n-7 Artemia 15.448 ± 0.01 11.787 ± 0.16 5.104 ± 0.27 15.448 ± 0.01

Larvae 12.017 ± 0.28 12.230 ± 0.21 11.541 ± 0.03 12.017 ± 0.28

18:2n-6 Artemia 12.652 ± 0.07 9.765 ± 0.37 13.595 ± 0.01 12.652 ± 0.07

Larvae 3.604 ± 0.02 4.199 ± 0.41 3.375 ± 0.05 3.604 ± 0.02

18:3n-3 Artemia 13.343 ± 0.00 7.546 ± 0.75 10.061 ± 0.02 13.343 ± 0.00

Larvae 1.668 ± 0.02 1.817 ± 0.41 1.509 ± 0.05 1.668 ± 0.02

20:0 Artemia NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

Larvae 0.217 ± 0.01 0.231 ± 0.03 0.242 ± 0.06 0.217 ± 0.01

20:1n-9 Artemia 1.612 ± 0.00 1.779 ± 0.00 1.725 ± 0.00 1.612 ± 0.00

Larvae 0.417 ± 0.00 0.430 ± 0.01 0.411 ± 0.03 0.417 ± 0.00

20:2 Artemia NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

Larvae NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

20:4n-6 Artemia 1.961 ± 0.21 2.814 ± 0.01 3.130 ± 0.03 1.961 ± 0.21

Larvae 0.092 ± 0.01 0.089 ± 0.01 0.080 ± 0.00 0.092 ± 0.01

20:3n-3 Artemia NF ± NF ± NF ± 0.00 NF ±

Larvae 6.928 ± 0.00 6.309 ± 0.00 7.037 ± 0.00 6.928 ± 0.00

22:0 Artemia NF ± NF ± 0.00 NF ± NF ±

Larvae 0.231 ± 0.14 0.264 ± 0.07 0.224 ± 0.03 0.231 ± 0.14

22:1n-9 Artemia 0.871 ± 0.01 1.482 ± 0.01 0.826 ± 0.01 0.871 ± 0.01

Larvae 0.343 ± 0.01 0.378 ± 0.02 0.345 ± 0.01 0.343 ± 0.01

20:5n-3 Artemia 4.807 ± 0.42 12.147 ± 0.05 12.552 ± 0.03 4.807 ± 0.42

Larvae 12.778 ± 0.00 12.520 ± 0.05 12.945 ± 0.01 12.778 ± 0.00

22:5n-3 Artemia 4.807 ± 0.42 12.147 ± 0.05 12.552 ± 0.03 4.807 ± 0.42

Larvae 5.653 ± 0.01 4.981 ± 0.02 5.981 ± 0.00 5.653 ± 0.01

22:6n-3 Artemia 0.372 ± 0.01 0.550 ± 0.03 0.381 ± 0.04 0.372 ± 0.01

Larvae 5.045 ± 0.08 4.418 ± 0.09 5.390 ± 0.01 5.045 ± 0.08

24:0 Artemia 1.447 ± 0.03 1.861 ± 0.04 0.675 ± 0.00 1.447 ± 0.03

Larvae 0.068 ± 0.04 0.071 ± 0.02 0.081 ± 0.04 0.068 ± 0.04
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eicosapentaenoic acid (EPA; C20:5n-3) (12.945%), and the larvae from the treatment U20 treatment had significant

(LMM, p-value <0.05) higher concentration of arachidonic acid (ARA) (0.12%) among all treatments (Figure 2).

Rotifers fed on the Chlorella BG30 and BG20 had 2.03 and 1.87 times higher LA levels, respectively, than rotifers

fed on Nannochloropsis (Control) while the levels of α-linolenic acid (ALA) were 1.23 and 0.96 times higher (Table 3a).

On the contrary, DHA levels were 4.78 times and 3.87 times lower than in the rotifer group fed on the BG30 and

U30 diets than the rotifers fed on Nannochloropsis (Control) (Table 3a, 3b). However, rotifers fed on BG20 and T25

had 1.43 and 2.11 times higher ARA values than the control. When looking at EPA values in rotifers fed on T15 and

T25 had 1.77 and 1.84 times higher concentrations than those rotifers fed on Nannochloropsis (Table 3b) (LMM ana-

lyses, all with p-value <0.001). The fatty acid profile of the artemia groups fed on the same diets as the rotifers

showed the same pattern, where the control treatment has the highest concentration of DHA (1.81 ± 0.07%) com-

pared with the other treatments (Tables 2a, 2b and 3a, 3b). The fatty acid composition of artemia and rotifers

enriched with the different microalgae diets and Nanno 3600, Reed Mariculture, Campbell, CA, is shown in

Tables 2a, 2b and 3a, 3b. Additional data containing the fatty acid composition of the different microalgae can be

found in Tables A1 and A2 in Appendix A.

After 21 days post-hatching, larvae from the BG20 treatments had 1.11 and 1.37 times significantly higher LA

values (Figure 2) than larvae from the control treatments and the T25 treatment (LMM, p-value <0.001). No signifi-

cant differences were found between larvae from BG20, BG30, U20, U30, and T25 in their levels of EPA (LMM, p-

TABLE 3a Rotifer total fatty acid composition after enrichment and standard deviation (±), from the Control
(Nannochloropsis) and the Chlorella treatments BG20, BG30, and U20 after 21 days post-hatching (NF, no values
detected).

FA [%] Nannochloropsis BG20 BG30 U20

14:0 2.144 ± 0.01 3.498 ± 0.00 3.692 ± 0.25 2.691 ± 0.00

14:1 3.059 ± 0.00 2.832 ± 0.00 3.440 ± 0.19 4.045 ± 0.00

16:0 17.669 ± 0.44 17.281 ± 0.29 16.396 ± 0.81 15.544 ± 0.29

16:1 10.907 ± 0.39 6.420 ± 0.19 6.863 ± 0.02 7.179 ± 0.19

18:0 3.933 ± 0.46 8.428 ± 0.18 7.139 ± 0.82 5.291 ± 0.18

18:1n-9 3.642 ± 0.39 3.331 ± 0.02 3.542 ± 3.69 3.221 ± 0.02

18:1n-7 23.854 ± 0.33 10.140 ± 0.05 11.543 ± 1.58 20.752 ± 0.05

18:2n-6 10.118 ± 0.15 20.496 ± 0.11 18.976 ± 1.42 11.728 ± 0.11

18:3n-3 10.136 ± 0.08 12.939 ± 0.04 12.419 ± 0.05 14.319 ± 0.04

20:0 NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

20:1n-9 1.249 ± 0.00 1.785 ± 0.00 1.891 ± 0.25 1.750 ± 0.00

20:2 NF ± 0.00 0.502 ± 0.00 0.533 ± 0.00 NF ± 0.00

20:4n-6 1.544 ± 0.10 2.205 ± 0.01 2.278 ± 1.24 1.698 ± 0.01

20:3n-3 NF ± 0.08 0.464 ± 0.13 0.539 ± 2.21 0.486 ± 0.13

22:0 NF ± 0.00 0.279 ± 0.00 0.273 ± 0.02 0.481 ± 0.00

22:1n-9 0.553 ± 0.00 0.900 ± 0.00 0.663 ± 0.01 1.508 ± 0.00

20:5n-3 7.771 ± 0.18 5.861 ± 0.01 6.204 ± 0.94 5.245 ± 0.01

22:5n-3 1.605 ± 0.00 1.151 ± 0.00 1.903 ± 0.00 1.7848 ± 0.00

22:6n-3 1.950 ± 0.15 0.674 ± 0.00 0.408 ± 0.00 0.7132 ± 0.00

24:0 1.175 ± 0.29 0.504 ± 0.08 0.761 ± 0.54 0.961 ± 0.08

24:1 0.643 ± 0.00 0.309 ± 0.00 0.538 ± 0.00 0.601 ± 0.00
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value >0.05) when comparing treatments. However, a significant difference was found between T15 and the other

treatments (LMM, p-value <0.001).

When looking at ALA concentrations, larvae fed BG20 and U20 had significantly (LMM, p-value <0.001) higher

values than the other five treatments.

Furthermore, larvae from treatment BG30 and T25 showed 1.47 and 1.42 times higher DHA values than larvae

fed with Nannochloropsis (Control), which was significantly different (LMM, p-value <0.001). A significant difference

between treatments was found regarding ARA levels (Figure 2), where larvae from the Control had the lowest levels

on day 21 postexposure, and larvae fed BG20 and U20 had the highest levels, which were significantly different

compared with the other treatments. Pairwise comparisons were generally with LMM results.

4 | DISCUSSION

Finding larval nutritional requirements and the optimal way to provide them with such nutrition is often one of the

first challenges faced when developing rearing protocols for new aquaculture species (Ghan & Sprules, 1993;

Izquierdo, 1996; Kestemont & Henrotte, 2015).

As described by Kestemont and Henrotte (2015), pikeperch falls in the category of such “new” species, and

developing new larval rearing protocols encompasses the challenges mentioned above, leading to an insufficient

TABLE 3b Rotifer total fatty acid composition after enrichment and standard deviation (±), from the Control
(Nannochloropsis), the Chlorella treatment U30, and the Trachydiscus treatments T15 and T25 after 21 days post-
hatching. (NF, no values detected).

FA [%] Nannochloropsis U30 T15 T25

14:0 2.144 ± 0.01 2.929 ± 0.00 4.984 ± 0.01 6.243 ± 0.01

14:1 3.059 ± 0.00 4.087 ± 0.00 2.356 ± 0.01 1.706 ± 0.00

16:0 17.669 ± 0.44 14.153 ± 0.27 14.889 ± 0.14 17.186 ± 0.19

16:1 10.907 ± 0.39 7.085 ± 0.18 8.798 ± 0.15 7.433 ± 0.01

18:0 3.933 ± 0.46 5.530 ± 0.16 4.065 ± 0.39 5.820 ± 0.04

18:1n-9 3.642 ± 0.39 3.078 ± 0.01 3.479 ± 0.36 2.927 ± 0.09

18:1n-7 23.854 ± 0.33 17.085 ± 0.04 13.424 ± 0.19 6.741 ± 0.02

18:2n-6 10.118 ± 0.15 14.289 ± 0.10 11.402 ± 0.40 15.232 ± 0.04

18:3n-3 10.136 ± 0.08 14.980 ± 0.03 9.183 ± 0.02 11.698 ± 0.05

20:0 NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.01

20:1n-9 1.249 ± 0.00 1.744 ± 0.00 1.911 ± 0.00 1.857 ± 0.00

20:2 NF ± 0.00 0.000 ± 0.00 NF ± 0.00 NF ± 0.00

20:4n-6 1.544 ± 0.10 2.094 ± 0.00 2.946 ± 0.04 3.262 ± 0.00

20:3n-3 NF ± 0.08 0.000 ± 0.11 NF ± 0.06 0.346 ± 0.02

22:0 NF ± 0.00 0.000 ± 0.00 NF ± 0.01 0.394 ± 0.00

22:1n-9 0.553 ± 0.00 1.004 ± 0.00 1.615 ± 0.00 0.959 ± 0.00

20:5n-3 7.771 ± 0.18 6.444 ± 0.00 13.784 ± 0.08 14.189 ± 0.00

22:5n-3 1.605 ± 0.00 2.400 ± 0.00 3.295 ± 0.00 2.214 ± 0.00

22:6n-3 1.950 ± 0.15 0.504 ± 0.00 0.682 ± 0.00 0.513 ± 0.00

24:0 1.175 ± 0.29 1.579 ± 0.06 1.993 ± 0.01 0.807 ± 0.03

24:1 0.643 ± 0.00 1.015 ± 0.00 1.194 ± 0.00 0.473 ± 0.00
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production. Recent developments in pikeperch larvae rearing have started addressing such issues, and promising

results have been obtained (Imentai et al., 2019, 2020; Yanes-Roca et al., 2018; Yanes-Roca, Leclercq, et al., 2020;

Yanes-Roca, Mráz, et al., 2020). Such breakthroughs were mainly focused on the early introduction of rotifers during

first feeding, addressing the prey size issue and the lack of nutrients during such a period. Nevertheless, further

developments are in need.

This trial, focused on supplying the larvae with adequate fatty acids from a sustainable source (microalgae), so

production costs can be reduced and more sustainable enrichment methods can be promoted. Although no signifi-

cant, growth results showed a slight improvement from all treatments compared with the control. Such outcomes

were most likely because of the significant differences found in fatty acid composition, matching conclusions in

Pikeperch by Lund and Steenfeldt (2011) and Lund et al. (2012).

The trial's overall larval survival averaged over 37% after 21 days, and no significant differences between treat-

ments were found. Larvae from T25 had the highest survival over the other treatments. The lack of differences in

survival found between treatments shows no adverse effects on utilizing other microalgae and can be used as a

baseline for future work on this topic. Such lack of significance in survival is likely because of the possible negligible

amounts between treatments of dietary DHA required for normal development fish larvae, which relate to a predom-

inance of EPA rather than DHA found on other species (Villalta et al., 2005). A DHA deficit during larval stage has

been directly linked to low survival (Tocher, 2010), likely because of the importance that DHA has over the nervous

and ocular system development (Izquierdo et al., 2000; Villalta et al., 2008). During this study, DHA concentration in

larvae after 21 dph reached recommended values (Izquierdo et al., 2000) and was not significantly different between

treatments, except for larvae from BG20. When looking at differences in growth between treatments, no significant

differences were found, and this could be explained by the differences found in some monounsaturated fatty acids,

particularly 18:1n-9, which are easily catabolized in fish to produce energy, while DHA is not easily catabolized via

h-oxidation (Sargent et al., 2002). Dietary DHA content may not be crucial in determining pikeperch growth rate dur-

ing the larval stage when baseline concentrations are met. Such conclusions were also reached by Morshedi et al.

(2020) when looking at yellow-tail seabream (Acanthopagrus latus) in line with other species such as striped bass

(Morone saxatilis), gilthead (S. aurata), red porgy (Pagrus pagrus), striped trumpeter (Latris lineata), and Senegalese sole

(Solea senegalensis) (Bransden et al., 2004; Harel et al., 2002; Morais et al., 2004; Mourente & Tocher, 1993; Roo

et al., 2019). Subsequently, increased dietary DHA and reduced monounsaturated fatty acids, particularly 18:1n-9,

may have reduced energy availability and growth.

However, several fish species have been reported to have a different effect, where growth performance was

enhanced, such as in amberjack larvae (Seriola lalandi) and other marines species such as the Japanese flounder (Para-

lichthys olivaceus), gilthead seabream (S. aurata), meager (Argyrosomus regius), and greater amberjack (Seriola dumerili)

(Campoverde et al., 2017; Matsunari et al., 2013; Person-Le Ruyet & Verillaud, 1980; Roo et al., 2019), among

others.

The difference could lie in the positive effects that higher concentrations of LA and ALA had on the overall larval

performance and quality because fatty acids are stored in muscle tissue to meet physiological needs and are closely

related to growth (Jardine et al., 2020), matching conclusions reached by other studies such as Malzahn et al. (2022).

5 | CONCLUSIONS

Feasible alternatives of live feed enrichment strategies for pikeperch larval rearing have been tested with positive

results. Using various microalgae selected for their fatty acid profile has helped optimize the larval nutrient require-

ments and promoted sustainable large-scale aquaculture practices. The wide diversity of microalgae species and the

ability to modify the fatty acid profile by altering culture conditions make them potential candidates for further

investigations and development of zooplankton-fish larvae rearing. This study shows that C. vulgaris and T. minutus

12 of 18 YANES-ROCA ET AL.

 17497345, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jw

as.13059 by C
ochrane C

zech R
epublic, W

iley O
nline L

ibrary on [22/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



cultured under various conditions can have such potential. Further trials on other microalgae species to improve

pikeperch larvae's fatty acid and protein requirements are suggested.
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APPENDIX A

TABLE A1 Comparison of fatty acid composition (% ±SD) determined in microalgae diets and rotifers after
enrichment from the Control (Nannochloropsis) and Chlorella diet U30 and Trachydiscus diets T15 and T25 after
21 days post-hatching (NF, no values detected).

FA [%] Control U30 T15 T25

14:00 Microalgae 27.610 ± 2.36 0.045 ± 0.03 28.779 ± 1.62 27.615 ± 2.36

C14:1 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C16:0 Microalgae 8.010 ± 0.09 1.205 ± 0.12 6.988 ± 0.11 8.005 ± 0.09

C16:1 Microalgae NF ± NF 0.229 ± 0.08 NF ± NF NF ± NF

C18:0 Microalgae 0.590 ± 0.06 0.210 ± 0.04 0.539 ± 0.05 0.591 ± 0.06

C18:1n-9 Microalgae 1.740 ± 0.04 0.103 ± 0.01 1.589 ± 0.08 1.736 ± 0.04

C18:1n-7 Microalgae 0.320 ± 0.12 0.003 ± 0.00 0.244 ± 0.12 0.315 ± 0.12

C18:2n-6 Microalgae 6.180 ± 0.22 0.888 ± 0.04 6.323 ± 0.28 6.181 ± 0.22

C18:3n-3 Microalgae 0.480 ± 0.06 0.124 ± 0.03 0.330 ± 0.12 0.484 ± 0.06

C20:0 Microalgae NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

C20:1n-9 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C20:2 Microalgae NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

C20:4n-6 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C20:3n-3 Microalgae 1.300 ± 0.07 NF ± NF 1.65 ± 0.04 1.30 ± 0.07

C22:0 Microalgae NF ± NF ± NF ± 0.00 NF ±

C22:1n-9 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C20:5n-3 Microalgae 31.880 ± 2.03 NF ± NF 31.01 ± 1.95 31.88 ± 2.03

C22:5n-3 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C22:6n-3 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C24:0 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF
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TABLE A2 Comparison of fatty acid composition (% ±SD) determined in microalgae diets and rotifers after
enrichment from the Control (Nannochloropsis) and Chlorella diets BG20, BG30 and U20 after 21 days post-hatching
(NF, no values detected).

FA [%] Control BG20 BG30 U20

14:00 Microalgae 27.610 ± 2.36 0.520 ± 0.08 1.121 ± 0.71 0.040 ± 0.01

C14:1 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C16:0 Microalgae 8.010 ± 0.09 19.720 ± 0.14 22.703 ± 1.28 1.243 ± 0.10

C16:1 Microalgae NF ± NF 1.450 ± 0.16 1.457 ± 0.05 0.252 ± 0.03

C18:0 Microalgae 0.590 ± 0.06 2.690 ± 0.60 2.480 ± 0.15 0.310 ± 0.04

C18:1n-9 Microalgae 1.740 ± 0.04 1.410 ± 0.29 1.609 ± 0.08 0.127 ± 0.05

C18:1n-7 Microalgae 0.320 ± 0.12 0.010 ± 0.01 0.006 ± 0.01 NF ± NF

C18:2n-6 Microalgae 6.180 ± 0.22 24.660 ± 0.06 21.433 ± 0.63 0.641 ± 0.08

C18:3n-3 Microalgae 0.480 ± 0.06 0.900 ± 1.09 2.109 ± 1.75 0.164 ± 0.04

C20:0 Microalgae NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

C20:1n-9 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C20:2 Microalgae NF ± 0.00 NF ± 0.00 NF ± 0.00 NF ± 0.00

C20:4n-6 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C20:3n-3 Microalgae 1.300 ± 0.07 NF ± NF NF ± NF NF ± NF

C22:0 Microalgae NF ± NF ± NF ± NF ±

C22:1n-9 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C20:5n-3 Microalgae 31.880 ± 2.03 NF ± NF NF ± NF NF ± NF

C22:5n-3 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C22:6n-3 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF

C24:0 Microalgae NF ± NF NF ± NF NF ± NF NF ± NF
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