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Abstract 
 
This study was carried out on the effect of cyclopoid copepod Acanthocyclops trajani 

on beluga Larvae (Huso huso) first feeding in March 2018. The applied diets contained: 

the composition of Artemia naupli and Daphnia magna (A diet) and the composition 

of Artemia naupli, Daphnia magna and A. trajani (B diet). Different methods were used 

to prepare live feeds and the analysis of the fatty acids of live feeds and beluga larval 

tissues was performed according to the instruction. The results of this study indicated 

that the lenghth, body weight and specific growth rate average in larvae of A and B 

diets were not significantly different. In spite of the fact that A. trajani was significantly 

different in amount of n-3 fatty acids in comparison to Artemia naupli and D. magna 

but indicated more effectivity in survival rates (80%) of beluga larvae with these latter 

live feeds compound, as a supplement. Furthermore, the B diet was significantly 

different in essential fatty acid DHA, in comparison to A diet, So, with due attention to 

important effects of this fatty acid on stress resistance of larvae, the better results with 

the view to survival rate in this treat will be explainable.This study indicated that 

freshwater copepod was potential supplemental live food, specifically to increase 

nutritional value and survival rate of valuable fish larvae as beluga. 

Introduction 
 

The results of numerous studies showed that large-
scale mortality is one of the major problems in the early 
stages of larval development in many marine species 
(Turner, Tester,&Hettler, 1985) and freshwater species 
(Jana & Jana, 2003) in nursery ponds (Pillay & Kutty, 
2005).High larval mortality is usually attributed to 
nutritional deficiencies or imbalances in the three 
essential Poly Unsaturated Fatty Acids (PUFAs) in diets ( 
Ghost, Sen, & Rey,2004) as well as water quality (Rice, 
Crowder, & Binkowski,1987), disease and hunting 
(Frimpong & LochMann, 2005). Lack of live feeds with 
proper nutritional value and inability to mass culture of 
live feed with balanced nutritional value for the first 
external feeding of fish larvae is a limiting factor in 

aquaculture (Payne & Rippingale, 2001). Common 
organisms as live feeds like rotifer and Artemia sp. are 
deficient in Highly Unsaturated Fatty Acids (HUFA) 
(Rajkumar & Kumarago, 2006). HUFA intake from diets 
is the only way to obtain essential fatty acids (from the 
n-3 fatty acids such as EPA, DHA and ARA) in larvae 
because fish larvae are unable to synthesize these fatty 
acids from their precursors (Bell et al., 2002). In 
hatcheries, copepods are able to supplement the 
nutritional value of common live feeds. The proper 
nutritional profile of copepods plays an important role 
in the growth, health and survival of fish larvae (Aljami 
& Zang, 2015). This study was carried out to investigate 
the effects of the Cyclopoid copepod Acanthocyclops 
trajani as live food at the first feeding of Huso huso 
larvae, one of the most valuable sturgeon species in 
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Iran, commercially important fish species of the Caspian 
Sea and a good candidate for aquaculture (Oveisipour & 
Rasco, 2011), with emphasis on the growth, survival and 
polyunsaturated fatty acid (PUFA) content. The high 
mortality rate during beluga larval rearing, which in 
some cases exceeds 80% (Asgari et al., 2013), is 
considered as one of the most serious limitations for 
larval rearing of this species. Beluga larvae produced in 
hatcheries are commonly fed on Cladocerans (Daphnia 
sp. and Moina sp.) and Artemia sp. at first feeding 
(Gisbert & Williot, 2002) which the nutritional value of 
some of these live feeds is often insufficient to complete 
growth. Therefore, the success and development of 
aquaculture activity in this critically endangered species 
still requires some improvements in farming techniques, 
especially those affecting the larval stages, such as 
replacing whole or part of the live feed with other diets. 
 

Materials and Methods 
 

This study was carried out in March 2018 at the 
Shahid Rajaee Center for Reproduction and Rebuilding 
Resources of Aquatics in Sari, Mazandaran Province. Ten 
days after hatching the eggs (from beluga female 
spawners with the age of 10 to 12 years old and weight 
of 35 to 65 Kg) and at the first feeding stage, the total 
number of 120 beluga larvae (with the initial weight of 
55±0.01 mg and initial length of 13.7±0.1 mm) were 
placed in containers with a capacity of 20 liters. During 
the larval rearing period water temperature, dissolved 
oxygen and pH were 17.7±0.2°C, 8.1±0.3mg/l and 
7.8±0.1, respectively. The initial weight and length of the 
larvae were measured before the start of the 
experiment and at the end of the rearing period using 
the balance (0.01 g) and caliper, respectively. Feeding to 
larvae in different treatments of this study was 
performed three times a day (8 h intervals). The 
treatments used at this stage are presented in Table 1. 

Different methods were used to prepare different 
live feeds at this stage. In order to prepare instar nauplii 
hatched from Artemia cysts, the cysts of Artemia sp. 
were decapsulated according to standard method and 
then hatched in the funnel shaped container with 100 
liters water volume, salinity of 28 ppt, temperature of 
28°C, 2500 lux light intensity and intense aeration 
(Gomez-Gil, Herrera, Aberu, & Roque,1998). After 24 
hours, the instar I nauplii hatched from Artemia cysts 
were prepared, siphoned with a 120-μm net and used 
for the feeding of larvae. To prepare the copepodid of A. 
trajani, all facilities for mass production were provided 
in the live feed hall of the Shahid Rajaee Center in the 
five funnel shaped containers with 100 liters water 
volume. The mass production techniques were used and 
to feed A. trajani, a mixture of dried algae Scenedesmus 
obliquus and Spirulina maxima (4.18 μg / ml water) were 
used with continuous aeration at the bottom of the tank 
and temperature of 22°C (using the aquarium heaters) 
as well as the 12/12 light cycle (light/dark cycle) in 

indoor conditions. Water exchange in these containers 
was performed once every 3 days and the copepods 
(50% copepodid 1 and rarely 2+ 50% nauplii) were 
harvested using the plankton nets (nets with the mesh 
size of 500 μm and 100 μm). Finally, they were used to 
feed the larvae (Rahmati, 2018). For the preparation of 
cladoceran Daphnia magna, their daily harvest was 
carried out from Daphnia magna rearing earthen ponds 
at the Shahid Rajaee Center using the plankton nets with 
the mesh size of 500 μm. The wastes were then removed 
from the specimens and after washing the specimens, 
they were used for feeding the larvae. 
 
Test Plan 
 

Two treatments (each with three replications) 
were used for the test. Experiments were performed in 
6 containers with 20 liters volume. After adaptation of 
beluga larvae to the water temperature of the tank 
(18°C), 20 beluga larvae with the average weight and 
length of 55±0.01 mg and 13.7±0.1 mm, respectively 
were distributed in each container. 50% of the volume 
of larval rearing tanks was replaced daily, and the litter 
and feces residues were removed using a siphon. 
Duration of this stage was 14 days. At the end of the 
period, the final length and weight of larvae were 
measured in different replicates of each treatment. The 
larval growth rate and specific growth rate (SGR) of the 
body length and weight of larvae (in percent per day) 
were calculated using the following equations (Hopkins, 
1992). 

 
SGR = 100 × (Ln SLf - Ln SLi) / t2 – t1Whereas; 

SLf = Final length in mm 
SLi = Initial length in mm 

t2 = The length of the early larval rearing period 
t2 = The length of the final larval rearing period 

SGR = 100 × (Ln Wf - Ln Wi) / t2 – t1Whereas; 
Wf = Final weight in g 
Wi = Initial weight in g 

 
In order to calculate larval survival rate (in 

percentage), larval mortality trend was recorded daily in 
each rearing container and finally the survival rate was 
calculated for each treatment (Bilton & Robins, 1973). 
 

Larval survival rate (in percentage); 
Number of remaining healthy larvae / Total number of 

primary larvae × 100 
 

The following equations were used to calculate the 
percentages of larval length gain and larval weight gain 
percentages as well as larval status index (Hung, Lutez, 
& Storebakken, 1989; Hung & Lutez, 1987); 

 
W (%) = Wf - Wi / Wi × 100 

L (%) = Lf – Li / Li × 100 
CF = Wf / a Lb × 100 
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Also, ten beluga larvae from each treatment 
replication were stored in the freezer at -80°C for the 
analysis of fatty acids. Analysis of the fatty acids of larval 
tissues was performed according to the instruction 
(Miquel & Browse, 1992). 
 
Statistical Analysis 
 

Results of biometric measurements and the 
amounts of fatty acids of beluga larvae were presented 
as mean±standard error. Statistical analysis was 
performed using SPSS software (Version 22) (SPSS, 
Chicago, IL, USA). Comparison of the amounts of fatty 
acids in two treatments was performed using one-way 
ANOVA (Analysis of variance) at the significant level of 
5%. When the results of the main analysis were 
significantly different, the Post hoc multiple comparison 
tests using LSD test were carried out. Normality and 
homogeneity of variance and independence of errors 
were tested for performing the analysis of variance. 

 

Results 
 

Growth Parameters in Beluga Larvae in Different 
Treatments 
 

The results of growth parameters of beluga larvae 
in different treatments are presented in Table 2. 
Statistical analysis on specific growth rate of the body 
length and weight of beluga larvae during the larval 
culture revealed that there was no significant difference 
(P>0.05) between two treatments, whereas the results 
of statistical analysis on survival rate in different 
treatments indicated that there was a significant 
difference between the A diet treatment and the B diet 
treatment (P<0.05) (Figure 1). 
 
Fatty Acid Composition in the Body of Beluga larvae 
Fed in Different Treatments 
 

Fatty acid profiles in live feeds as well as the body 
of beluga larvae in 2 treatments are presented in Tables 
3 and 4. 

 
Saturated Fatty Acids 
 

Five types of saturated fatty acids were identified 
in the body of beluga larvae fed in different treatments 
(Table 4). Among various types of saturated fatty acids, 
only the amounts of C20:0 (2.95±0.02%) were 
significantly different between the treatments (P<0.05). 
 

Monounsaturated Fatty Acids 
 

Six types of monounsaturated fatty acids were 
identified in the body of beluga larvae fed in different 
treatments (Table 4). The statistical analysis results 
showed that the amounts of C16:1n-7 and C18:1n-7 
fatty acids were significantly different between the 
treatments (P<0.05). 

 
Long Chain Unsaturated Fatty Acids (PUFA and HUFA) 
 

Seven types of long chain unsaturated fatty acids 
were identified in the body of beluga larvae fed in 
different treatments. The average amounts of 
arachidonic acid and eicosapentaenoic acid (EPA) were 
significantly different between the treatments (P<0.05). 
Among various types of long chain unsaturated and 
essential fatty acids, the amounts of DHA were 
significantly different between the treatments (P<0.05). 
 

Discussion 
 

Previous studies showed that the use of freshwater 
copepods (as a supplementary live feed) can improve 
the survival and growth rate of many freshwater fish 
larvae (Sipauba-Tavares & Pereira, 2008; Drillett, 
Jorgensen, Sorensen, Ramlov, & Hansen, 2006; Camus & 
Zeng, 2009). The results of using of A. trajani for feeding 
the beluga larvae in the present study showed that the 
average amounts of final length and final weight of 
beluga larvae in the A diet (Artemia nauplii + Daphnia 
magna) and B diet (Artemia nauplii + Daphnia magna + 
Copepods) were not significantly different (P>0.05). The 
amounts of specific growth rate were not significantly 
different between the treatments (P>0.05). The results 
showed that larvae fed on B diet had significantly higher 
survival rate (80%) compared to A diet (55%) (P<0.05). 
Most larval mortality occurs during beluga fish growth in 
two different stages, first between hatching and 
beginning of external feeding (when the larvae are 
undergoing a severe process of organ formation) 
(Dettlaff, Ginsburg, & Schmalhausen, 1993) and then 
with the weaning stage of beluga larvae (Asgari et al., 
2013). These two stages are the most sensitive stages of 
larval culture that should be considered to reduce 
mortality. According to the results of the present study, 
the inclusion of copepods as a supplement with other 
conventional live feeds for larval culture resulted in a 
significant improvement in larval survival. Previous 
research showed that changes in lipase activity in beluga 
larvae may be more related to changes in food quality 
and quantity than to the ability of fish to digest. Also, a 

Table 1. Feeding protocol of 10-day-old beluga larvae (at the first feeding stage) with a variety of live feeds during larval culture 
 

Treatment  Live feeds (ind/ml) 

A diet Artemia nauplii (0.3) + Daphnia magna (0.3) 
B diet Artemia nauplii (0.1) + Daphnia magna (0.2) + Copepods (0.3) 
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slight increase in dietary fat content of up to 4% during 
the weaning stage may increase lipase production in 
larvae (Rønnestad I. & Morais, 2007; Ronstad et al., 
2013). Results from previous studies showed that the 
addition of copepods as a live feed can increase the 
growth and survival of fish larvae at first feeding 
compared to diets containing only conventional live 
feeds (such as rotifers and Artemia nauplii) (Watanabe, 
Kitajima, & Fujita, 1983; Shields et al., 1999; Payne & 
Rippingale, 2001). For example, feeding the larvae of the 
catfish Clarias gariepinus using freshwater cyclopoid 
copepods showed that the larvae fed with a 
combination of freshwater cyclopoid copepods and 
Artemia nauplii had better growth (9.1 mm) than the 
larvae fed with a diet containing only Artemia nauplii 
(8.8 mm) (Chepkwemoi et al., 2013). In the study of  
Farhadian, Kharamannia, Mahboobi Soofiani, and 
Ebrahimi (2014), the freshwater fish larvae of 
Pterophyllum scalare fed with a combination of 
cyclopoid copepod Eucyclops serrulatus and cladocer 
Ceriodaphnia quadrangular had higher specific growth 
rates (23.2 per day) in comparison to feeding on a pure 
diet (19.2 per day) in the first week of larval culture. This 
trend continued in the second and third weeks. Also, the 
survival rate of fish larvae was 5.5% higher in larvae fed 
with a combined treatment with copepods. Growth and 
survival rates in Lates calcarifer larvae that fed with a 
combined treatment containing cyclopoid copepod 
Cyclopina kasignete were improved and the growth rate 
of larvae reached from 4.93% per day in the treatment 
containing rotifers and Artemia nauplii to 6.35% per day 
in the treatment containing rotifers, Artemia nauplii and 

copepods. The survival rate of larvae also increased 
from 42.60% in the treatment containing rotifers and 
Artemia nauplii to 64.20% in the treatment containing 
rotifers, Artemia nauplii and copepods (Rasdi, 2015). In 
a study by Zeng, Shao, Ricketts, and Moorhead (2018) 
these organisms, at densities of 2 organisms per ml in 
the treatment containing rotifers, increased the survival 
of ornamental larvae Synchiropus splendidus from less 
than 6% in the treatment containing only rotifers to 
50%. These organisms significantly increased larval 
growth rate from 1.96 to 5.48% per day. In another 
study Barroso, Carvalho, Antoniassi, and Cerqueira 
(2013) in using copepod Acartia tonsa as the first live 
feed for feeding the larvae of Centropomus parallelus 
showed that the combined treatment containing 
copepod A. tonsa and Brachionus rotundiformis 
significantly increased the survival rate of larvae from 
5% to 16% as well as the mean larval weight from 0.71 
mg to 0.84 mg. In edible and commercially valuable fish, 
Toledo, Golez, Doi, and Ohno (1999) reported that the 
growth and survival of larvae of orange - spotted 
grouper (Epinephelus coioides) significantly increased 
when the larvae fed with a combined treatment 
containing Brachionus rotundiformis and combination of 
nauplii of some copepods (Acartia tsuensus, 
Pseudodiaptis sp. and Oithona sp.) at densities of 0.1 
organism per ml. Similarly, the survival rates of larvae of 
northern red snapper (Lutjanus campechanus) that fed 
with a diet containing nauplii of Parvocalanus sp. were 
significantly increased as compared to the survival rates 
of larvae fed with the control diet. The larval size was 
also larger on the seventh day after the yolk sac was 

Table 2. Growth parameters of beluga larvae in treatments 
 

Artemia nauplii + Daphnia magna + Copepods Artemia nauplii + Daphnia magna Growth parameters 

55±1.6 55±1.6 Initial weight (g) 
567±93 a 589±101 a Final weight (g) 
928±16 a 968±183 a Weight gain (%) 

16.54±1.23 a 16.81±1.34 a Specific growth rate of body weight 
13.7±1.12 13.7±1.12 Initial length (mm) 

41±3 a 41±4 a Final length (mm) 
201±23 a 196±33 a Increase of body length (%) 

7.84±0.56 a 7.71±0.83 a Specific growth rate of body length 

1.25±0.18 a 1.33±0.10 a Larval status index 

80±10 a 55±5 b Survival rate (%) 

 
 

Figure 1. Survival rate of beluga larvae in different diets. 
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  Table 3. The amounts of fatty acids (%) in live feeds used in the present study 
 

Fatty acid Artemia nauplii Daphnia magna Acanthocyclops trajani 

Saturated 
C14:0 0.76±0.03 b 5.64±0.15 a 0.92±0.42 b 
C16:0 14.58±0.66 b 24.13±0.65 a 10.79±0.67 c 
C18:0 34.57±1.57 a 14.71±0.39 b 5.91±0.47 c 
C20:0 1.10±0.05 b 2.32±0.06 b 6.31±1.82 a 
C22:0 0.71±0.03 b 0.69±0.02 b 2.31±0.23 a 
C24:0 - 1.05±0.03 8.12±4.71 
Sum 51.72 48.54 58.36 

Monounsaturated 
C14:1 n5 0.22±0.01 c 1.31±0.04 b 11.62±1.61 a 
C16:1 n7 3.66±0.17 c 8.89±0.24 b 16.02±1.85 a 
C18:1 n9 5.76±0.26 b 15.40±0.41 a 3.26±1.22 b 
C18:1 n7 - 2.38±0.06 a 1.47±0.52 b 
C20:1 n9 0.27±0.01 b 0.56±0.02 a 0.08±0.08 b 
C22:1 n9 - 0.13±0.00 b 4.50±2.36 a 
C24:1 n9 - - 10.29±4.37 
Sum 9.91 28.67 47.24 

Polyunsaturated 
C18:2 n6 CIS 18.06±0.82 a 5.09±0.14 b 0.89±0.31 c 
C18:3 n3 (ALA1) 3.39±0.15 1.29±0.03 3.88±1.38 
C20:2 n6 1.04±0.05 2.07±0.06 1.80±0.45 
C20:4 n6 (ARA1) 1.98±0.09 2.04±0.05 2.86±1.47 
C20:3 n3 0.22±0.01 b 0.06±0.00 b 9.91±6.88 a 
C20:5 n3 (EPA1) 3.51±0.16 4.09±0.11 3.51±2.65 
C22:6 n3 (DHA1) 0.97±0.04 c 3.72±0.10 b 4.81±0.40 a 
Sum 29.17 18.36 27.66 

n-3 8.08±0.37 b 9.16±0.25 b 22.10±6.01 a 
n-6 21.09±0.96 a 9.20±0.25 b 5.55±0.71 b 

All values are presented as mean±standard error, n=3, The sign (-) indicates a very low amount of fatty acids. Different letters 

indicate a significant difference between the treatments. 1Alpha-Linolenic Acid, 2Arachidonic Acid, 3Eicosapentaenoic Acid, 
4Docosahexaenoic Acid. 

 

Table 4. The amounts of fatty acids (%) in the body of beluga larvae fed in 2 treatments during the larval culture 
 

Fatty acid Artemia nauplii + Daphnia magna Artemia nauplii + Daphnia magna + Copepod 

 

Sa
tu

ra
te

d
 

C14:0 0.63±0.45 0.06±0.02 
C16:0 13.65±1.09 13.32±0.38 
C18:0 4.21±0.39 4.25±0.27 
C20:0 2.95±0.02 - 
C22:0 - 0.72±0.29 
C24:0 - - 
Sum 21.44 18.35 

 

M
o

n
o

sa
tu

ra
te

d
 

C14:1 n5 2.44±0.73 1.55±0.16 
C16:1 n7 4.08±0.03 a 3.32±0.02 b 
C18:1 n9 6.50±0.32 a 6.71±0.24 a 
C18:1 n7 4.43±0.09 a 3.56±0.12 b 
C20:1 n9 - 1.16±0.07 
C22:1 n9 - - 
C24:1 n9 1.09±1.09 2.04±0.10 
Sum 18.54 18.34 

 

P
o

ly
u

n
sa

tu
ra

te
d

 

C18:2 n6 CIS 2.54±0.03 a 2.43±0.01 a 
C18:3 n3 (ALA) 5.54±2.32 a 2.81±0.05 a 
C20:2 n6 - 0.22±0.02 
C20:4 n6 (ARA) 3.65±0.19 a 4.72±0.13 b 
C20:3 n3 4.04±2.00 0.95±0.49 
C20:5 n3 (EPA) 19.32±0.37 a 15.10±0.40 b 
C22:6 n3 (DHA) 16.72±0.00 b 21.47±0.47 a 
Sum 51.81 47.70 

 n-3 / n-6 7.38±0.83 a 5.48±0.02 a 

All values are presented as mean±standard error. n=3. The sign (-) indicates a very low amount of fatty acids. Different letters 
indicate a significant difference between the treatments. 
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absorbed than that of the control treatment (Shields et 
al., 2005). In studies on fatty acid composition of beluga 
larvae, PUFA fatty acids showed a higher percentage 
compared to those of SFA and MUFA fatty acids. The 
predominance of PUFA over MUFA in the diets of this 
study has been consistent with previous research 
(Wiegand, 1996; Chepkwemoi et al., 2013). The 
preferential catabolism of MUFA has been 
demonstrated in a large number of species of fish 
compared to the preferential retention of essential fatty 
acids by larvae (Wiegand, 1996). In the study of essential 
fatty acids in beluga larvae tissues, ARA and EPA fatty 
acids showed the highest values in the A diet and they 
were significantly different. In a study by Chepkwemoi 
et al. (2013), the amount of EPA fatty acid in the larvae 
of Asian sea bass (Lates calcarifer) fed with Artemia was 
higher (3.71%) than in larvae fed with copepods. Also, in 
the study by Rajkumar and Kumaragura (2006), the 
amount of EPA fatty acid in the larvae fed with Artemia 
(9.98%) was higher than in larvae fed with copepods 
(8.17%). The most important essential fatty acid, DHA, 
in beluga larvae tissues with the amount of 21.47% was 
observed in B diet. The amount of DHA fatty acid in 
these larvae was significantly different as compared to 
A diet. In the research by Rasdi (2015) study, the amount 
of DHA (12.30%) in the larvae of Asian sea bass (Lates 
calcarifer) fed with a combination of rotifers, Artemia 
nauplii and copepods was higher as compared to the 
amount of DHA fatty acid (12%) in the larvae fed with 
rotifers and copepods. In the study by Rajkumar and 
Kumaragura (2006), the amount of DHA fatty acid 
increased by 5-fold in the treatment of fish larvae fed 
with copepods. Chepkwemoi et al. (2013) found that the 
composition of essential fatty acids in fish larvae fed 
with the combination of Artemia nauplii and cyclopoid 
copepods was better than the control treatment 
because the contents of EPA and ALA fatty acids were 
higher in larvae fed with Artemia nauplii whereas the 
content of DHA was higher in larvae fed on pure 
copepods. Therefore, the combined treatment had a 
more balanced content of essential fatty acids. Fatty 
acid analysis of Artemia nauplii, Daphnia magna and A. 
trajani showed that these three organisms were not 
significantly different in the amount of essential fatty 
acids of ALA, ARA and EPA. The amount of DHA was very 
low in Artemia nauplii and there was a significant 
difference among these live feeds. The amounts of 
C20:3 n-3 and C22:6 n-3 in cladoceran Daphnia magna 
were significantly different as compared to A. trajani. 
The amounts of n-3 fatty acids (22.10%) and n-3 / n-6 
fatty acids (4.19%) in A. trajani were significantly higher 
than those of the others. The larvae fed on the B diet 
showed significantly higher survival rate than the A diet, 
although there were no significant differences in the 
average amounts of length, weight and growth rate. As 
previously mentioned in the study of essential fatty acid 
profiles in beluga larvae, the treatment with copepods 
was only significantly different in the amount of DHA 

fatty acid as from another treatment. Therefore, the 
high survival rate in this treatment indicated the high 
importance of DHA fatty acid in the survival of beluga 
larvae. DHA fatty acid has important effects on larval 
resistance to stress. The DHA fatty acid content of A. 
trajani was higher than Artemia nauplii so larvae fed on 
it, showed better results in terms of survival, growth and 
stress resistance (Fujita, 1979), because DHA plays an 
important role in the structure of neuronal and retinal 
cells. The higher DHA content can increase larval visual 
performance and improve larval response to feeding 
and ultimately higher survival rate (Chepkwemoi et al., 
2013). Studies by Evjemo, Reitan, and Olsen (2003) 
showed that the essential fatty acids, especially DHA, 
should be provided by the diet and cannot be 
synthesized in the body of fish larvae. Higher levels of 
DHA (21.47%) in the larvae fed with B diet were due to 
the high percentage of this essential fatty acid in 
Daphnia magna (3.72%) and in particular in A. trajani 
(4.81%), which greatly influenced on the survival rate of 
beluga larvae. Such this trend was previously expressed 
in Atlantic halibut, so that the high percentages of EPA 
and DHA in the copepod Temora longicornis resulted in 
the higher percentages of these essential fatty acids in 
the larvae of Atlantic halibut (Hippoglossus 
hippoglossus) compared to larvae fed with Artemia 
franciscana (Evjemo et al., 2003). In general, fish larvae 
at their first feeding need fatty acids and amino acids as 
major sources of energy (Park, Puvanendran, Kellett, 
Parrish, & Brown, 2006). The newly hatched larvae 
(containing yolk sac) have high levels of energy storage, 
but nutritional value of their tissue declines rapidly after 
hatching (Buentello et al., 2011). Fish larvae are 
plankton eaters and choose the appropriate live feed 
during the period after the yolk sack absorbing to obtain 
the proper energy and nutrients. Therefore, the 
composition of live feed and their quality are of great 
importance for the growth and development of fish 
larvae (Ma, Qin, Hutchinson, & Chen, 2013). In a study 
by Farhadian et al. (2014), food selection index by the 
larvae of Pterophyllum scalare decreased with 
increasing age for the consumption of copepodids 
Eucyclops serrulatus. The reason for the greater 
tendency for consumption of copepods in the first 
feeding week was probably the low size and weight of 
copepods nauplii and the low larval hunting ability. In 
most aquaculture studies, the effects of marine water 
copepods on feeding the marine larvae in hatcheries 
were investigated. In the present study it was found that 
freshwater copepods could also be used as a 
supplementary live feed, especially for improving 
nutritional value and increasing the survival of valuable 
fish larvae such as beluga (Huso huso) larvae. 

 

Conclusion 
 

Therefore, considering the positive results of this 
study in increasing the essential fatty acid content such 
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as DHA and subsequently to significantly increase the 
survival rate of beluga fish larvae and the difficulties in 
cultivating freshwater copepods especially in terms of 
time-consuming generation and population growth as 
well as lower productivity compared to conventional live 
feeds, it is recommended that copepods be added to 
other live feeds shortly after the yolk sack absorbing as 
a supplementary live feed. 
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