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Effects of Rotifers Enriched With Different Enhancement Products on Larval Performance and Jaw Deformity of Golden Pompano Larvae Trachinotus ovatus (Linnaeus, 1758)
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This study evaluated the effects of rotifers enriched with three enhancement products (Nannochloropsis, S.presso, and Algamac 3080) on the body fatty acid composition, growth, survival, jaw deformity, and bone development-related gene expression of the golden pompano larvae. The rotifers enriched with Nannochloropsis were rich in EPA, and the rotifers enriched with S.presso and Algamac 3080 were rich in docosahexaenoic acid (DHA). The level of DHA in Algamac 3080 is higher than that in S.presso. The first feeding started at 3 DPH, and data were collected at 8 DPH. The results showed that the body fatty acid composition of the larvae was basically the same as that of the feeding rotifers. The specific growth rate of S.presso and Algamac 3080 treatment was significantly higher than the un-enriched treatment (P < 0.05). The survival rate of Algamac 3080 treatment was significantly lower than the other treatments (P < 0.05), and the jaw deformity rate of S.presso treatment was significantly lower than the Nannochloropsis and un-enriched treatment (P < 0.05). The expression level of BMP2 and BMP4 in golden pompano larvae were not significantly affected by the enhancement products (P > 0.05), and the expression level of RXRα decreased significantly in the S.presso and Algamac 3080 treatment (P < 0.05). This study indicates that S.presso was an enhancement product more suitable for rotifers for golden pompano larvae. This study provided reliable reference and guidance for the first feeding of golden pompano larvae and also provided more reference data for the study of the mechanism of diet on larval fish bone deformity.
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INTRODUCTION

In the artificial breeding of marine fish, the choice of feed during first feeding period is particularly important, because they are very vulnerable during this period (Hamre et al., 2013). The critical period for the transformation of endogenous nutrition into exogenous nutrition is also critical for the development of bones and systems of larval fish (Koedijk et al., 2010). Unsuitable feed can lead to nutrient deficiency and starvation, resulting in growth retardation, deformity, and even death (Rice et al., 1987; Gisbert et al., 2004; Waqalevu et al., 2019). Rotifers and Artemia nauplii are widely used in aquaculture due to the advantages of suitable size and easy cultivation (Kotani et al., 2009; Ma et al., 2018). In particular, Brachionus is usually selected as the weaning food for marine finfish (Kobayashi et al., 2008; Kotani et al., 2009).

Furthermore, some studies have revealed that rotifers lack essential nutrients, so they must be enriched before feeding them to fish larvae (Hamre, 2016; Kotani, 2017). Common enriched methods include the use of fresh microalgae or commercial enhancement products, but because microalgae are difficult to operate and cultivate, commercial enhancement products are more widely used in enrichment process (Eryalcin, 2018). In the enriching of live feeds, polyunsaturated fatty acids (PUFA) such as arachidonic acid (ARA, 20:4 n-6), eicosapentaenoic acid (EPA, 20:3 n-3), and docosahexaenoic acid (DHA, 22:6 n-3) are usually the nutrient components that people pay more attention to. They play an important role in neurological and visual development, and stress resistance (Hernández-Cruz et al., 2015). Recent studies have also confirmed that they, especially DHA, are associated with bone and cartilage development in fish and provide a contribution to the prevention of bone deformities (Roo et al., 2009; Izquierdo et al., 2013).

In addition to focusing on growth and survival of larval fish in evaluating the effects of different enriched rotifers, bone deformities are also particularly important. Especially in the early stage, the development of the jaw will affect eating, growth, etc.; and bone deformities will become a potential that affects the later growth and survival rate (Cobcroft et al., 2001; Fraser and de Nys, 2005; Ferraresso et al., 2010). In golden pompano, some osteogenic marker genes have been studied in depth. Among them, bone morphogenetic protein (BMP) and retinoid X receptor (RXR) have been found to be significantly related to bone deformities (Yang et al., 2015; Ma et al., 2018). As a growth factor, BMPs play an important role in morphogenesis during embryonic development, and it is also an osteoinductive factor with osteogenic properties (Nishimura et al., 2012; Marques et al., 2016). RXRs can work with other genes such as IGF, BMP, Hox, or shh in morphogenesis and are related to bone deformation and survival (Cahu et al., 2009). In addition, RXRs can also be used as a transcription factor to regulate gene expression in various biological processes (Zhao et al., 2000; Shulman et al., 2004).

Golden pompano is one of the important economic fishes in the southern coastal areas of China and is popular in consumers for its tender and delicious meat (Ma et al., 2016, 2018). The artificial breeding technology of golden pompano is relatively mature, but the low survival rate and high deformity rate during the first feeding of larval fish are still technical bottlenecks. It is more effective and realistic to optimize the nutrition enriched method of rotifers to solve this problem so we selected an instant algae and two commercial enrichment products and unenhanced rotifers for comparison to explore a reasonable and convenient way of enriching rotifers and provide reference for the optimization of the details of the artificial breeding process of golden pompano.



MATERIALS AND METHODS


Eggs and Larval Fish Rearing

Fertilized eggs of golden pompano were obtained from Guanghui Aquaculture Hatchery, Hainan Province, China, and were transported to Tropical Aquaculture Research and Development Center, South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Xincun Town and hatched in 500-L fiberglass incubators at 26°C. On 3 days post-hatching (DPH), larvae were stocked into 12 larval rearing tanks (1000-L) at a density of 40 fish L–1. Rearing tanks were supplied with filtered seawater and conducted in indoor flow-through culture system with a daily exchange rate of 200% tank volume. Two air stones were used in each tank to keep the dissolved oxygen level close to saturation. During the experimental period, the water quality parameters were measured daily and maintained at ammonia nitrogen < 0.1 mg L–1, nitrite nitrogen < 0.02 mg L–1, pH 7.9–8.1, salinity 33‰, and dissolved oxygen > 7.0 mg L–1.



Cultivation of Rotifers

This experiment included four dietary treatments with three replicates each, including (1) instant microalgal paste at 8 × 106 cell mL–1 (Nannochloropsis sp., Qingdao Hong Bang Biological Technology Co., Ltd, Qingdao, China), (2) S.presso (Selco S.presso®, INVE Aquaculture) at 350 mg L–1, (3) Algamac 3080® (Aquafauna, United States) at 200 mg L–1, and (4) Rotifers without enrichment served as control. The pure cultures of a strain of Brachionus plicatilis (L-type) with a typical lorica length of about 160 μm were supplied by Haiyou Jiayin Biotechnology Co., Ltd, Qionghai, China. Rotifers were fed with S.parkle® (INVE Aquaculture) at a density of 500 rotifers ml–1. The condition for rotifer culture was set at 24.3 ± 0.7°C, > 5.8 mg dissolved oxygen L–1, pH 7.95–8.11, and 37.5 g L–1 salinity. Prior to enrichment, the rotifers collected from the culture tank were rinsed with filtered seawater on a 100-μm mesh screen. During enrichment, the density of rotifers increased to 1,000 ml–1. After enrichment for 12 h, the rotifers were harvested on a 100-μm mesh screen and fed to the fish larvae. Starting from 3 DPH, the density of rotifers was kept at 15 ml–1 in the larval fish rearing tank. The instant microalgae (Nanno 3600 paste, Reed Mariculture, United States) were also added into all the larval fish tanks at a density of about 1 × 106 cell ml–1 to create a green color background.



Jaw Deformity

A total of 50 fish larvae were randomly collected from each rearing tank to examine the incidence of deformity. The fish were anesthetized by overdosing of Aqui-S (AQUI-S, New Zealand) and fixed in 4% paraformaldehyde. Jaw deformity was assessed by observing under a stereo microscope (Olympus SZ40, Japan) using the criteria described by Cobcroft and Battaglene (2009). The appearance of the jaws of each larvae was rated on a scale of 0–3 according to the jaw malformation index (Cobcroft et al., 2004) modified for golden pompano larvae. A score of 0 indicated a normal jaw (Figure 1A). A score of 0.5 indicated very minor malformation e.g., slightly short lower jaw (Figure 1B), that would not be considered malformation from a commercial perspective. The larvae were defined as malformed when the jaw score reached 1, 2, or 3: Score 1, minor variation from normal structure, some resistance to closing mouth, e.g., snub nose (Figure 1C); Score 2, intermediate where some elements are abnormal in shape or position although limited movement occurs to open and close the mouth, e.g., ventral transposition of the glossohyal (Figure 1D); Score 3, severe malformation where jaw elements have abnormal shape or are in abnormal positions, and do not move to close the mouth, e.g., severe bending Meckel’s cartilage (Figure 1E).
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FIGURE 1. Golden pompano larvae with different jaw malformation index scores. (A) Score 0, (B) score 0.5, (C) score 1, (D) score 2, and (E) score 3. Abbreviations: pM, Premaxilla; Ma, maxilla; D, dentary; Br, branchiostegal rays. The arrow points to the location of the deformity.




Fatty Acids Analysis

After enrichment, four million rotifers from each treatment in three replicates were collected and preserved in liquid nitrogen until analysis. On 8 DPH, 0.5 g fish larvae (wet weight) in five replicates were sampled for fatty acid analyses. All rotifer and fish samples were pre-washed using an ammonium formate solution (0.5 M) to remove salt, and paper tower was used to remove extra water before preservation in liquid nitrogen. The fatty acids were analyzed at South China Sea Fisheries Research Institute, China, following the method described by Ma and Qin (2014).



Gene Expression Analysis

The fish larvae were sampled on 8 DPH. Total RNA was extracted using TRIzol (Invitrogen, United States). RNA integrity was verified by agarose gel electrophoresis. RNA concentration was measured by spectrophotometry (Bioteke Corporation Co., Ltd., China) at 260 nm, and the purity was determined at the OD 260/280 ratio and agarose gel electrophoresis. The RNA was immediately used for cDNA synthesis. Subsequently, reverse transcription was performed on 1 μg of total RNA using TransScript-Uni One-Step gDNA Removal and cDNA Synthesis SuperMix (Transgen Biotech Co., Ltd., China). The synthesized cDNA samples were stored at −20°C until further use.

The primers of BMP4, BMP2, RXRα, and EF1α (Table 1) were previously designed and validated by Yang et al. (2015) and Ma et al. (2018). In quantitative real-time PCR, EF1α was used as the internal reference and amplified. The reaction conditions were as follows: initial denaturation at 95°C for 15 min, 40 cycles of denaturing at 95°C for 10 s, annealing at 58°C for 20 s, and extension at 72°C for 30 s. For each test, three replicates were performed in this study. No template control was included with each assay to verify that PCR master mixes were free of contamination. Dissociation curves were employed to ensure that only one single PCR product was amplified in each gene reaction. After verification of PCR efficiency to be 95–105%, the relative gene expression was calculated using the ΔCT (comparative threshold cycles) (ΔCT = CT of target gene–CT of EF1α, ΔΔCT = sample CT – ΔCT of calibrator sample).


TABLE 1. Primers of bone morphogenetic protein 2 (BMP2), bone morphogenetic protein 4 (BMP4), retinoid X receptor α (RXRα), and extension factor 1α (EF1α) genes in golden pompano used in qPCR.
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Calculations and Statistical Analysis

Specific growth rate (SGR) was calculated as: SGR = 100 × [ln (Wf) – ln (Wi)]/ΔT, where Wf was the final body weight, Wi was the initial body weight, and ΔT was the experimental duration.

The data were expressed as the mean ± standard deviation (SD). Statistical analyses were carried out by PASW Statistics (version 18). Comparisons between different groups were conducted by Tukey’s test, and significant difference was set at P < 0.05. All percentage data were transformed using square root to satisfy the assumptions of ANOVA.



RESULTS


Fatty Acid Composition in Rotifers and Fish Larvae

The specific fatty acid composition in rotifers significantly varied between treatments (Table 2). The amount of EPA (20:5n-3) in the rotifers enriched with Nannochloropsis (9.05%) was significantly higher than other treatments (P < 0.05). The EPA was not significantly different between the treatments of S.pressa, Algamac 3080, and un-enriched (P > 0.05). The amount of DHA (22:6n-3) in the rotifers enriched with Algamac 3080 (30.12%) was significantly higher than other treatments (P < 0.05). The DHA in S.pressa treatment was significantly higher than that in Nannochloropsis treatment, while un-enriched treatment was not significantly different from them (P > 0.05). The DHA/EPA of all treatments showed significantly different (P < 0.05), and the order from large to small was: Algamac 3080 (9.53), S.presso (4.36), Un-enriched (1.98), and Nannochloropsis (0.43). The EPA/ARA in S.presso treatment (2.69) and Algamac 3080 treatment (1.47) were significantly lower than un-enriched treatment (3.81, P < 0.05).


TABLE 2. Fatty acid composition (% of total fatty acids) of rotifers.

[image: Table 2]The specific fatty acid composition in fish larvae significantly varied between treatments (Table 3). The trend of EPA (20:5n-3) amount in fish larvae was consistent with rotifers, the amount of EPA in the fish larvae of Nannochloropsis treatment (8.09%) was significantly higher than other treatments (P < 0.05). The trend of DHA (22:6n-3) amount in fish larvae was not completely consistent with rotifers. The amount of EPA in Algamac 3080 treatment fish larvae was no significant difference with S.presso treatment (P > 0.05), but it was still significantly higher than the other two treatments (P < 0.05). The DHA/EPA of all treatments showed significantly different (P < 0.05) and had the same trend as rotifers. The EPA/ARA of all treatments showed significantly different (P < 0.05), and the order from large to small was: Un-enriched (3.33), Nannochloropsis (2.33), S.presso (1.28), and Algamac 3080 (0.69).


TABLE 3. Fatty acid composition (% of total fatty acids) in 8 days post-hatching (8-DPH) fish fed enriched and un-enriched rotifers.
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Larval Fish Growth and Survival

SGR showed significant difference between un-enriched and commercial enrichment products treatments (P < 0.05, Figure 2). The highest SGR were observed in the two commercial enrichment products (S.presso and Algemac 3080), and there was no significant difference between them (P > 0.05).


[image: image]

FIGURE 2. Specific growth rate of golden pompano larvae in four treatments.


The survival rate of Nannochloropsis treatment was significantly higher than the un-enriched treatment (P < 0.05, Figure 3). Among the two commercial enrichment products treatments, there was no significant difference in survival rate between S.presso and Algamac 3080 treatment (P > 0.05), and the survival rate of Algamac 3080 treatment was significantly lower than all treatments (P < 0.05).
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FIGURE 3. Final survival rate of golden pompano larvae in four treatments.




Jaw Deformity

Jaw deformity rate showed no significant difference between Nannochloropsis and un-enriched treatment (P > 0.05, Figure 4), and the rate of S.presso treatment was significantly lower than Nannochloropsis and un-enriched treatment (P < 0.05). There was no significant difference in jaw deformity rate between Algamac 3080 treatment and all treatments (P > 0.05).
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FIGURE 4. Jaw deformity rate of golden pompano larvae in four enrichment treatments.




Relative Expression Level of Bone Development Related Genes

The expression level of BMP2 showed no significant difference between treatments (P > 0.05, Figure 5). The expression level of BMP4 showed no significant difference between the three enriched treatments and un-enriched treatment (P > 0.05), and S.presso treatment was significantly higher than Nannochloropsis treatment (P < 0.05). The RXRα expression level of the three enriched treatments was significantly lower than the un-enriched treatment (P < 0.05), and there was no significant difference between the two commercial enrichment products treatments (P > 0.05); meanwhile, they were significantly lower than the Nannochloropsis treatment (P < 0.05).
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FIGURE 5. Relative expression level of bone morphogenetic protein 2 (BMP2), bone morphogenetic protein 4 (BMP4), and retinoid X receptor α (RXRα) genes of golden pompano larvae in four enrichment treatments.




DISCUSSION


Effects of Feeding Rotifers Enriched With Different Enhancement Products on Larval Performance

The initial feeding food must reach a level close to the nutritional requirements of the larval fish to be fully utilized (Conceição et al., 2010; Lall and Dumas, 2015). Generally, the utilization of food can be roughly estimated by observing and comparing the body composition of fish (Belal, 2005; Faulk et al., 2005). Rotifers enriched with Nannochloropsis were characterized by high EPA, while rotifers enriched with S.presso had a high DHA state. Judging from the fatty acid composition of golden pompano larvae, such levels of EPA and DHA could be absorbed and utilized. The Algamac 3080-enhanced rotifers had a higher DHA level than S.presso, but its utilization effect in golden pompano larvae did not seem to match the DHA content of rotifers. The optimal diet of young fish should be similar to the content of yolk sac (Barroso et al., 2013; Hauville et al., 2016), but unfortunately there have been no reports on the nutritional composition of yolk sac of golden pompanos. In the artificial breeding eggs of fat snook (Centropomus parallelus) (Barroso et al., 2013) observed a DHA:EPA:ARA ratio of 11.4:2.4:1.0, which is similar to the rotifers’ body composition in the S.presso treatment.

In this study, increasing the DHA in the food had a significant positive effect on the growth of golden pompano larvae. Similar results were found in California halibut Paralichthys californicus larvae (Vizcaíno-Ochoa et al., 2010). Not only DHA, HUFA n-3 (including DHA, EPA, α-linolenic acid) promotes the normal growth and development of larvae (Rodrìguez et al., 1998; Hamre and Harboe, 2008). HUFA n-3 is also an important component of cell membrane and plays a very important physiological function in organisms (Roo et al., 2019). However, in Algamac 3080 treatment which had the highest DHA content of rotifers, the SGR of golden pompano larvae was limited. This phenomenon showed that the growth promotion effect of DHA is only established within a certain limit, and the similar phenomenon was found in the Gilthead Seabream Sparus aurata (Rodriguez et al., 1994).

Excessive DHA supplementation reduced the survival of golden pompano larvae, the survival rate of Algamac 3080 treatment was only about half of un-enriched treatment. However, it is generally believed that DHA is helpful to improve the survival of larvae fish. In seawater carnivorous fish such as Atlantic Cod Gadus Morhua and black sea bass Centropristis striata, DHA improvement in an appropriate range is helpful to improve the survival rate of larvae (Park et al., 2006; Rezek et al., 2010). In other fish such as Senegal sole Solea senegalensis and California halibut Paralichthys californicus, DHA has no significant effect on larval survival (Villalta et al., 2005; Vizcaíno-Ochoa et al., 2010). Some scholars believe that excessive DHA will aggravate lipid peroxidation and cause pathological tissue damage in larval fish, which may lead to death (Betancor et al., 2011). This view may be one of the hypotheses that led to the results of this study, but further research is needed to prove it. In addition, studies have shown that the larvae demand for HUFA N-3 is not only reflected in the number of individual components, but also related to the DHA/EPA ratio (Rodríguez et al., 1997). Seeking a balanced ratio is also the key point to explore the appropriate first feeding to improve survival for larval fish.



Effects of Feeding Rotifers Enriched With Different Enhancement Products on Jaw Deformity

Increased levels of DHA, or DHA/EPA, seemed to contribute to a decrease in the jaw deformity rate of larvae, similar patterns have been observed in larval longfin yellowtail Seriola rivoliana, but the specific role of PUFA n-3 in the bone formation mechanism is still unclear (Cobcroft et al., 2012). However, the effect of reducing jaw deformity rate may be limited to S.presso-level DHA or DNA/EPA, because the survival rate of golden pompano larvae in Algamac 3080 treatment was too low, and the jaw deformity rate does not differ from that of the un-enriched treatment, which may be due to the death from deformity. It is a pity that we did not investigate the cause of death of larval fish in this study, which can provide reference for more rigorous experimental design in similar studies in the future.

First feeding of different enhancement products had a significant effect on the expression of RXRα. From the results, it is not difficult to find that the jaw deformity rate and the expression level of RXRα had same trend. RXRα and α isoform of RAR can form active dimers that cause apoptosis, which is speculated to be a potential cause of bone deformities especially in the head of larval fish (Egea et al., 2001; Villeneuve et al., 2005; Zambonino Infante and Cahu, 2007; Ferraresso et al., 2010; Yang et al., 2015). Studies have shown that, in addition to the metamorphosis period, the expression of RXRα in fish will be upregulated under stress conditions (Cobcroft et al., 2012; Roo et al., 2019). The stress events in this study may be caused by the lack of nutrients in the un-enriched and Nannochloropsis treatment, which is similar to Yang’s result (Yang et al., 2015). However, some studies have found that DHA can stimulate the expression of RXRα (Cahu et al., 2009), contrary to the results of this study, it may be that the lack of other nutrients such as vitamins in the un-enriched and Nannochloropsis treatment of rotifers led to stronger transcription stimulation (Zambonino Infante and Cahu, 2007; Mazurais et al., 2008; Darias et al., 2012). The BMP4 and retinoic acid pathways could produce a synergistic response and aggravate cell apoptosis (Villeneuve et al., 2005). In this study, no consistent changes in BMP4 with the jaw deformity rate were observed. It may not be the main cause of the jaw deformity.

In summary, the use of different enrichment products had caused significant differences in the fatty acid composition of rotifers; had a synergistic effect on the fatty acid composition of golden pompano larvae; and also caused different degrees of growth, survival, and jaw deformity. S.presso and Algamac 3080 treatment had more advantages in growth of golden pompano larvae, Algamac 3080 treatment exposed considerable disadvantages in survival. S.presso treatment had the lowest jaw deformity rate. Therefore, S.presso was a more suitable enrichment product for enriching rotifers for the first feeding of larval golden pompano. In addition, this study also found that BMP2 and BMP4 were not sensitive to changes in different enrichment product. On the contrary, RXRα had an opposite trend to the jaw deformity rate.
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