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Abstract. This paper investigates the effects of different diets on the growth and development of 

Apocyclops royi (A. royi) in the laboratory. A. royi individuals were acclimatised in a laboratory culture 

environment, and newly hatched larvae of the same age were collected and raised until adulthood for 

the experiment. Different diets were arranged and evaluated to select the optimal food for the growth 

and development of A. royi. The experiments included the following treatments: the green alga 

Chlorella vulgaris (C. vulgaris), microbially fermented rice bran combined with C. vulgaris algae, and 

yeast combined with C. vulgaris algae. The results show that the diet containing microbially fermented 

rice bran combined with C. vulgaris algae yielded the best performance for the A. royi population, 

evidenced by the highest density of 9,022.22 ± 1,066 ind·L–1 at day 12 and the highest larval yield 

compared with the other treatments (p < 0.05). This study provided a scientific foundation for selecting 

the optimal diet to enhance the biomass production efficiency of copepods, a nutrient-rich natural food 

source for fish and marine crustacean larvae. Consequently, it contributed to the optimisation of the 

food chain in sustainable aquaculture. 
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1 Introduction 

Copepods are a natural prey item for numerous 

marine organisms and are considered an ideal 

food source for various marine fish larvae [1–3]. 

This is due to the nutritional composition, size, 

and swimming style of marine crustaceans [4, 5]. 

Copepods have a higher nutritional value than 

rotifers and Artemia [6, 7], which is primarily 

because of their significant content of essential 

fatty acids (EFA), such as arachidonic acid 

(C20:4n-6, ARA), eicosapentaenoic acid (C20:5n-3, 

EPA), and docosahexaenoic acid (C22:6n-3, DHA). 

These EFAs are essential for ichthyoplankton [8]. 

Copepods are also a rich source of other 

micronutrients, including vitamin A [9], vitamin 

C, vitamin E [10], and various minerals [11]. 

Therefore, copepods are suitable as the primary 

natural food source for animals. 

A. royi is commonly found in estuaries, 

lagoons, and brackish water aquaculture ponds, 

and is often used as supplementary food for 

larvae or juvenile groupers in large-scale 

commercial hatcheries [12, 13]. A. royi has been 

cultivated and produced commercially in several 

countries, such as Taiwan and Denmark; 

however, the intensive cultivation of A. royi is 

limited. Besides, research on the effectiveness of 

food sources, as well as the innovation of food 

sources in aquaculture, has not been conducted 

comprehensively. Today, the primary food source 

used to cultivate A. royi is microalgae. This is 

costly for A. royi intensive farming, leading to the 

increasing prices of products. Therefore, this 

study aims to identify alternative food sources for 
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microalgae to reduce costs while maintaining the 

efficiency of A. royi farming. 

2 Materials and methods 

2.1 A. royi stock culture 

A. royi species was isolated in Lang Co Lagoon, 

Thua Thien Hue Province. The copepod has been 

cultivated in the Laboratory of Environment 

Technology, University of Science and Education, 

The University of Danang. Healthy ovigerous 

copepods were then transferred to 500 mL 

beakers filled with 100 mL seawater. When the 

eggs hatched, the nauplii were collected by 

filtering the culture through a 50 µm mesh. All the 

nauplii were maintained in a controlled 

environment: temperature, 26–28 °C; light 

conditions, a 12:12h light/dark cycle at 1,500 lux; 

and salinity, 15 ppt. The food for A. royi was 

Chlorella vulgaris (C. vulgaris) microalgae, obtained 

from the Lab for Algae Research – Faculty of 

Biology and Environmental Science, Danang 

University of Science and Education, The 

University of Danang. Algae were added at a 

density of 7 × 104 to 8 × 104 cells·mL–1, three times a 

day. When 100% of the nauplii had become adult 

copepods, they were immediately used for the 

experiments. Fig. 1 presents the images of female 

and male adults of A. royi. 

 

Fig. 1. Adult of the species A. royi. a. female; b. male 

2.2 Experimental design 

The copepods were divided into 3 groups that 

were fed with 3 different types of diets: 

microbially fermented rice bran + C. vulgaris (Trial 

1), bread yeast + C. vulgaris (Trial 2), and C. 

vulgaris only (Trial 3), with a concentration of 

0.001 g/10 individuals over 24 h. The initial 

density of each trial was 400 individuals per litre. 

The formula of rice bran incubated with 

microbial product EM was: 10 mL EM product + 

50 mL molasses + 250 mL water + 10 kg of rice 

bran. This mixture was thoroughly blended, and 

water was added to achieve a humidity level of 

30–40%, if necessary. The mixture was tightly 

covered and incubated for 2–4 days. The feeding 

frequency was twice per day.  The environmental 

conditions for the experimental setup were 

controlled in the same manner as those used for 

culturing the copepod stock. Ecological factors, 

namely salinity, pH, and dissolved oxygen 

concentration, were measured every 2 days for 

control. 

Three trials were conducted in 1000 mL 

culture flasks with three replicates for each diet. 

The experiments lasted for 16 days. The 

parameters monitored throughout the experiment 

included the density of individuals, population 

structure, and the growth rate, with a monitoring 

frequency of twice a day. All these parameters can 

be observed under a stereomicroscope. 

2.3 Statistical analysis 

The population growth rate (r) was calculated 

according to Yin et al. [14], following Equation (1) 

𝑅 =
ln𝑁𝑡 − ln𝑁0

𝑡
 

(1) 

where N0 and Nt are the initial and final 

population densities, and t is the incubation time 

in days. 

Data on density, sex ratio, and population 

structure were presented as mean values ± 

standard errors (Mean ± SE). The comparison of 

mean values between sample groups was 

a b 
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conducted with the ANOVA method 

implemented on IBM SPSS Statistics software 

(Version 27.0), followed by Tukey’s HSD tests to 

determine which pairs of group means were 

statistically different. A probability p ≤ 0.05 level 

was accepted as significant. 

3 Results and discussion 

3.1 The population size of A. royi 

The population density regarding the three diets 

(C. vulgaris algae only, microbially fermented rice 

bran combined with C. vulgaris algae, and yeast 

combined with C. vulgaris algae) is presented in 

Fig. 2. 

 

Fig. 2. Effects of diets on population density of A. royi. 

Data are presented as Mean ± SE (n = 3) 

The population density in all trials 

increased from day 1 to day 12 but decreased by 

day 16.  

In particular, Trial 1 yielded the highest 

density when its population density was 

significantly higher than that in the other trials  

(p < 0.05), ranging from 3,078 ± 460.54 individuals 

per litre (ind·L–1) to 9,022.22 ± 1,066 ind·L–1, 

peaking on day 12 at 9,022.22 ± 1,066 ind·L–1. In 

contrast, Trial 3 demonstrated the lowest density 

compared with the other trials, with values 

ranging from 2,700 ± 319.76 ind·L–1 to 7,366.66 ± 

450.78 ind·L–1, also reaching its maximum on   

day 12. 

The difference in total A. royi population 

density between treatments became more 

pronounced from day 8 to day 12. On day 8, the 

rice bran and algae diet (Trial 1) yielded the 

highest total density among all treatments at 

5,144.44 ± 509.1 ind·L–1 (p < 0.05). However, by day 

12, Trial 3 (algae-only diet) resulted in the lowest 

total density compared with the other treatments, 

at 3,511 ± 134.71 ind·L–1 (p < 0.05). These findings 

indicate that the addition of probiotic groups from 

rice bran fermented with EM1 or Saccharomyces 

cerevisiae (baker’s yeast) is crucial for enhancing 

the digestion of microalgae. These probiotics 

provide essential enzymes and vitamins B while 

also maintaining a cleaner culture environment. 

Together, these factors contribute to improved 

vitality and growth rates of the A. royi population. 

These observations suggest that combined 

feeding diversifies the food source for A. royi. 

Copepoda are inherently omnivorous [15, 16], so 

the combination of microbially fermented rice 

bran with C. vulgaris algae provides them with 

more options for optimal nutrition [17]. 

Nielsen et al. [18] reported that D. tertiolecta 

algae were considered the most suitable feeding 

mode when recording the maximum A. royi 

population density at 2,175 ± 1,269 ind·L–1. 

However, with Trial 1 (C. vulgaris algae combined 

with microbially fermented rice bran), we 

recorded up to 9,022.22 ± 1,066 ind·L–1, about 4 

times that of Nielsen et al. This may be due to the 

difference in feeding regimes and the suitability of 

C. vulgaris algae as the primary food source for A. 

royi. Biomass production of A. royi species can be 

more effective when combined with other foods, 

such as bread yeast or microbially fermented rice 

bran. 
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3.2 Structure of Apocyclops royi population 

The structure of the A. royi population was 

evaluated on the 12th day of the experiment, 

when the population density was at its highest, 

and the results are illustrated in Fig. 3. 

In general, across all treatment groups, 

there was a higher proportion of nauplii than the 

rest of the instars throughout the experimental 

period (68.65 ± 4.33% to 70.13 ± 4.46%). The 

percentage of males was the lowest of the total 

population at all trials (2.79 ± 1.23% to 3.36 ± 

0.47%). The results from the statistical test indicate 

that there was no significant difference in gender 

and age composition amongst trials (p > 0.05). It 

can be inferred that different diets had no effect 

on the A. royi population structure over time. 

Therefore, replacing part of the microalgae with 

microbially fermented rice bran and bread yeast 

had no effect on the structure of the A.royi 

population. 

 

Fig. 3. Effects of different diets on structure of                 

A. royi. Data are presented as Mean ± SE (n = 3) 

Magoz et al. [19] studied the effects of 

different diets on the growth of Oithona nana 

(Cyclopoida). They found that nauplii accounted 

for a high proportion of the population across all 

treatments, a finding similar to ours. However, 

while the number of males and females was 

nearly equal in Magoz et al.’s study, the number 

of females of A. royi in our study was higher than 

the male population in all trials. The consistent 

observation of a greater quantity of females 

compared with males across all nutritional 

treatments suggests that the sex-specific 

difference in survival is likely governed by an 

intrinsic biological mechanism. The inherent 

fragility of males, which exhibits lower tolerance 

to starvation and physiological stress compared 

with females [20], provides a possible underlying 

explanation. Males typically have a shorter 

lifespan and accumulate more oxidative damage 

with age [21] because of high energy consumption 

associated with mate-seeking [22]. Therefore, even 

the best treatment is not stress-free enough to 

equalise the sexes, as males are biologically 

programmed for a higher baseline mortality rate. 

3.3 Growth rate of A. royi population 

Fig. 4 presents the growth rate of the A. royi 

population with different diets. 

 

Fig. 4. Effect of different diets on population growth 

rate (r) of A. royi. Data are presented as Mean ± SE  

(n = 3) 

Fig. 4 illustrates that different diets have a 

significant impact on the population growth rate. 

The A. royi population growth rate in all trials 

increased rapidly during the first 4 days. After 

that, it decreased sharply over the next four days, 

followed by a slow fall until day 16 when the 

growth rates of the three trials were 
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approximately equal (ranging from 0.175 ± 0.003 

to 0.184 ± 0.008). 

Among the different diets, the microbially 

fermented rice bran combined with C. vulgaris 

algae (Trial 1) yielded a higher growth rate of A. 

royi than the remaining trials from the first day to 

the 8th day. The growth rate values from day 1 to 

day 4 and from day 4 to day 8 were 0.507 ± 0.045 

and 0.131 ± 0.027, respectively. It can be seen that 

although the microalgae C. vulgaris was a crucial 

food source for the growth of A. royi, the addition 

of rice bran fermented with microorganisms was 

necessary to improve the efficiency of biomass 

production of A. royi, thereby providing a better 

food source for shrimp and fish larvae. Fermented 

rice bran is an economical and highly efficient 

substrate for culturing beneficial probiotic strains 

[23]. The fermentation process is critical for 

synthesising significant amounts of extracellular 

enzymes, such as proteases, amylases, and other 

bioactive compounds, while also degrading anti-

nutritional factors, thereby substantially 

enhancing substrate digestibility [24, 25]. The 

nutritious source from rice bran fermented with 

bacteria significantly boosted its highly 

unsaturated fatty acid profile, enzyme activity, 

and growth performance, thereby delivering a 

premium live feed that enhances the survival and 

disease resistance of aquaculture larvae [26].  

4 Conclusion 

The results show that different diets affected the 

growth and density of the A. royi population. 

However, the A. royi population structure was not 

influenced by diet. The bran diet combined with 

C. vulgaris algae was the most effective food for A. 

royi, as evidenced by the maximum density of 

9,022 ± 1,066 ind·L–1 on day 12 in the study. 

Furthermore, the number of ovigerous females 

and nauplii was higher with this diet than in the 

other treatments throughout the experimental 

period. The least effective diet for A. royi was C. 

vulgaris algae, as evidenced by lower values in the 

population density, the percentage of ovigerous 

females, and the growth rate. 

Acknowledgement 

This research was funded by the Frankfurt 

Zoological Society in Vietnam. 

References 

1. Shields RJ, Bell JG, Luizi FS, Gara B, Bromage NR, 

Sargent JR. Natural copepods are superior to 

enriched Artemia nauplii as feed for halibut larvae 

(Hippoglossus hippoglossus) in terms of survival, 

pigmentation and retinal morphology: relation to 

dietary essential fatty acids. The Journal of 

nutrition. 1999;129(6):1186-94. 

2. Toledo JD, Golez MS, Doi M, Ohno A. Use of 

copepod nauplii during early feeding stage of 

grouper Epinephelus coioides. Fisheries Science. 

1999;65(3):390-7. 

3. Wilcox JA, Tracy PL, Marcus NH. Improving live 

feeds: effect of a mixed diet of copepod nauplii 

(Acartia tonsa) and rotifers on the survival and 

growth of first-feeding larvae of the southern 

flounder, Paralichthys lethostigma. Journal of the 

World Aquaculture Society. 2006;37(1). 

4. Rasdi NW, Qin JG. Improvement of copepod 

nutritional quality as live food for aquaculture: a 

review. Aquaculture Research. 2016;47(1):1-20. 

5. Abate TG, Nielsen R, Nielsen M, Drillet G, Jepsen 

PM, Hansen BW. Economic feasibility of copepod 

production for commercial use: result from a 

prototype production facility. Aquaculture. 

2015;436:72-9. 

6. Evjemo JO, Olsen Y. Lipid and fatty acid content in 

cultivated live feed organisms compared to marine 

copepods. Hydrobiologia. 1997;358(1):159-62. 

7. Olivotto I, Tokle NE, Nozzi V, Cossignani L, 

Carnevali O. Preserved copepods as a new 

technology for the marine ornamental fish 

aquaculture: A feeding study. Aquaculture. 

2010;308(3-4):124-31. 

8. Sargent JR, McEvoy LA, Bell JG. Requirements, 

presentation and sources of polyunsaturated fatty 



Khanh Chuyen Phung et al. 

 

150  

 

acids in marine fish larval feeds. Aquaculture. 

1997;155(1-4):117-27. 

9. Rønnestad I, Helland S, Lie Ø. Feeding Artemia to 

larvae of Atlantic halibut (Hippoglossus hippoglossus 

L.) results in lower larval vitamin A content 

compared with feeding copepods. Aquaculture. 

1998;165(1-2):159-64. 

10. van der Meeren T, Olsen RE, Hamre K, Fyhn HJ. 

Biochemical composition of copepods for 

evaluation of feed quality in production of juvenile 

marine fish. Aquaculture. 2008;274(2-4):375-97. 

11. Watanabe T, Kitajima C, Fujita S. Nutritional values 

of live organisms used in Japan for mass 

propagation of fish: a review. Aquaculture. 

1983;34(1-2):115-43. 

12. Su HM, Su MS, Liao IC. Collection and culture of 

live foods for aquaculture in Taiwan. 

Hydrobiologia. 1997;358(1):37-40. 

13. Su HM, Cheng SH, Chen TI, Su MS. Culture of 

copepods and applications to marine finfish larval 

rearing in Taiwan. Copepods in aquaculture. 

2005:183-94. 

14. Yin XW, Min WW, Lin HJ, Chen W. Population 

dynamics, protein content, and lipid composition 

of Brachionus plicatilis fed artificial macroalgal 

detritus and Nannochloropsis sp. diets. Aquaculture. 

2013;380:62-9. 

15. Lin Q, Liang P, Yang Y, Bo-Ping H. Copepods act 

as omnivores in a (sub) tropical reservoir: 

implication for the top-down effect on 

phytoplankton. Journal of Limnology. 2018;77(2). 

16. Flo S, Svensen C, Præbel K, Bluhm BA, Vader A. 

Dietary plasticity in small Arctic copepods as 

revealed with prey metabarcoding. Journal of 

Plankton Research. 2024;46(5):500-14. 

17. Deepti M, Meinam M, Devi NC, Singh SK, Devi 

WM. Aquamimicry (Copefloc technology): an 

innovative approach for sustainable organic 

farming with special reference to shrimp 

aquaculture. Blue Biotechnology. 2024;1(1):5. 

18. Nielsen BL, Gréve HV, Hansen BW. Cultivation 

success and fatty acid composition of the tropical 

copepods Apocyclops royi and Pseudodiaptomus 

annandalei fed on monospecific diets with varying 

PUFA profiles. Aquaculture Research. 

2021;52(3):1127-38. 

19. Magoz F, Essa M, Matter M, Ashour M. Evaluation 

of the population growth and fatty acid 

composition of Copepoda, Oithona nana, fed on 

different diets. International Journal of Aquatic 

Biology. 2021;9(3):167-76. 

20. Holm MW, Rodríguez-Torres R, van Someren 

Gréve H, Hansen BW, Almeda R. Sex-specific 

starvation tolerance of copepods with different 

foraging strategies. Journal of Plankton Research. 

2018;40(3):284-94. 

21. Rodríguez-Graña L, Calliari D, Tiselius P, Hansen 

BW, Sköld HN. Gender-specific ageing and non-

Mendelian inheritance of oxidative damage in 

marine copepods. Marine Ecology Progress Series. 

2010;401:1-3. 

22. Irigoien X, Obermüller B, Head RN, Harris RP, Rey 

C, Hansen BW, Hygum BH, Heath MR, Durbin EG. 

The effect of food on the determination of sex ratio 

in Calanus spp.: evidence from experimental studies 

and field data. ICES Journal of Marine Science. 

2000;57(6):1752-63. 

23. Moon SH, Chang HC. Rice bran fermentation using 

Lactiplantibacillus plantarum EM as a starter and the 

potential of the fermented rice bran as a functional 

food. Foods. 2021;10(5):978. 

24. Seyoum Y, Humblot C, Baxter BA, Nealon NJ, 

Weber AM, Ryan EP. Metabolomics of rice bran 

differentially impacted by fermentation with six 

probiotics demonstrates key nutrient changes for 

enhancing gut health. Frontiers in Nutrition. 

2022;8:795334. 

25. Aboelyzed M, AE E, Ali BA, Al-Zahaby MA, 

Khalifa M, Abdelrhman AM. Effect of fermented 

rice bran as a feed ingredient on growth 

performance, feed utilization, body composition, 

intestinal microbiota, and an economic evaluation 

of the grey mullet (Mugil cephalus). Egyptian 

Journal of Aquatic Biology & Fisheries. 2024;28(5). 

26. Mallawaarachchi JC, Yusoff FM, Khaw Y, Zulperi 

ZB, Yasin IS. Enrichment of Artemia nauplii with 

bacteria grown in high C/N Ratio, carbon source-

microalgae media. Asian Fisheries Science. 

2024;37:115-24.

27.  

 


