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ABSTRACT 
 
Ciliate protozoans such as Euplotes which are seen among the mass cultures of rotifers have the potential as a 
live feed for larvae and juveniles of the aquaculture species in hatchery operations. Free living ciliates are 
potential natural food of many fish larvae because of their smaller size. To obtain the culture of Euplotes sp., 
four diets were tested 1) Microalgae, Nannochloropsis oculata, 2) Isochrysis galbana, 3) Equal proportion of N. 
oculata and I. galbana and 4) Baker's yeast (Saccharomyces cerevisiae). The ciliates were inoculated at a 
concentration of 50 cells mL-1. On day 5, Euplotes density reached highest in the groups fed the baker's yeast 
(14600.00 ± 409.88 cells mL-1) in comparison with the other three media N. oculata (933.3 ± 659.29 cells                  
mL-1 ); I. galbana + N. oculata (966.67 ± 806.64 cells mL-1 ) and I. galbana (333.33 ± 103.28 cells mL-1 ). Six 
days culture is crucial because most of the marine fish larvae start their feeding by 5-7 days of post hatching. It 
was observed from the results that Baker's yeast is highly significant (P<0.01) diet of Euplotes sp. in mass 
culture. 
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1. INTRODUCTION 
 
In fish hatchery operations, the main challenge is the 
development at the larval stage. This is the most 
delicate stage presenting elevated mortality, therefore 
requires more care, especially at the beginning of 
exogenous feeding. The type of zooplankton to be fed 
as a first food to fish larvae, i.e., in the transition from 

endogenous (yolk reserves) to exogenous feeding, is 
determined mainly by its nutritional quality. 
Traditional live prey utilized on aquaculture such as 
artemia naupli and rotifers cannot be provided to 
those species that have a smaller size than most 
larvae, hence they need a smaller food appropriate for 
their nutritional requirements. This study attains its 
relevance in the scenario where there is an extreme 
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need to increase the culture of such organisms both 
quantitatively and nutritionally. Ciliates are important 
as the prey for the first feeding stages of larvae and 
juveniles of which are ideal live food organisms for 
their size, swimming pattern and nutritional content 
[1] and hence are known as “living capsules of 
nutrition”. The first feed required for larval fish is 
usually determined by their mouth size [2]. Larval 
stage is very crucial for the optimal development of 
marine fish [3]. According to Lavens and Sorgeloos, 
small sized mouth, under developed organs, are the 
limiting factors in proper food selection for the first 
feeding period [4]. 
 
Selection of appropriate live feed for the first feeding 
of larvae is important in the case of fishes like salmon 
alevins which already have developed digestive tract, 
with functioning enzyme system permitting the 
digestion of feeds on first feeding. But fishes like 
Gilthead sea bream (Sparus aurata), red snapper 
(Lutjanus campechanus) larvae and most of the other 
fish larvae lack a functional stomach and possess only 
a short digestive tract with few functional digestive 
enzymes at the onset of first feeding. Live food 
organisms usually have a much better contrast than 
artificial feeds and generally create a triggering effect 
in larvae by their continuous movement. This allows 
an enhanced perception by the first feeding larva and 
also ensures a good distribution of food items in the 
water column, which in turn facilitates more 
availability of food for the developing larvae [4]. 
 
Smaller feed items such as ciliated protozoans can be 
a suitable first food for larval fish. In case of red 
snapper, Lutjanus campechanus, with weak larvae 
having relatively smaller mouth size, limited yolk 
reserve, and late development of functional 
mouthparts, naked ciliates may serve as an important 
food for fish larvae [5]. Some experiments 
demonstrated that the high ciliate densities augment 
larval survival after hatching until 4-6 days, 
suggesting the importance of ciliates as initial food for 
larvae [6]. Due to their higher metabolism and growth 
rates [7] compared to autotrophic, heterotrophic 
protists have a higher biomass conversion potential 
[8] and are more nutritionally important as well as 
qualitatively and quantitatively vital as diets for 
copepods [9]. Ciliates may be considered as important 
first feed for fish larvae which are alternative source 
to copepod nauplii because ciliates are smaller and 
most abundant than copepod nauplii in coastal waters 
in addition to being dominant [10]. 
 
Ciliates are imperative components of the microbial 
loop, and are often responsible for consuming the 
majority of primary production and bacterial 
production in some habitats [11].  Food for fish larvae 

is usually determined by mouth size of the fish, its 
prey size and fish’s ability to prey. This proceed to 
suggest that small prey enriched with nutritional 
value, such as ciliates and dinoflagellates protozoa 
would be more suited [12]. Ciliates are capable of 
converting the lipids obtained from their food to 
polyunsaturated fatty acids (PUFAs) which proves 
vital to copepod growth and reproduction. Thus, small 
sized food, comprising of super small rotifers, 
copepod nauplii or ciliate protozoa such as Euplotes 
sp will encapsulate the food demands of fish larvae. 
 
Euplotes is a single cell animal measuring around 50-
75µm in length, that can walk about on surfaces, 
swim as needed and can engulf relatively large cells. 
Euplotes is a very diversified and cosmopolitan genus, 
with numerous species frequently observed in both 
marine and freshwater samples [13,14] Euplotes sp. is 
the only ciliate known to produce a sterol [15] and 
had a good fatty acid profile containing high 
proportion of unsaturated fatty acids. Sterols are 
indispensable for maintaining cell membrane fluidity 
[16]; thus, they occur in almost all higher organisms. 
As most of the juvenile fish mouth is ventrally placed, 
they usually feed on ectoparasites or zooplankton like 
Euplotes sp. [17]. Euplotes sp. are viewed as a good 
source of food for marine larvae of fish like gobies, 
and have also proved to possess many positive 
qualities such as those discussed above like the case 
of size, nutrition, slow rate of movement and auto-
digestion.  
 
This study primarily aims to evaluate the effect of 
different diets in the culture of Euplotes sp. and, thus, 
determine the diet yielding the best growth 
performance. Further, the potential to make use of 
Euplotes sp. as first food for fish hatcheries is also 
discussed. 
 

2. MATERIALS AND METHODS 
 
The ciliate protozoan Euplotes sp. was isolated                    
from rotifer Brachionus sp. culture kept at 28 ± 1°C 
water temperature and 30 ± 2 ppt salinity was                    
sieved through 45 μm filter for rotifers, and                             
the collected culture was filtered through 18μm filter 
to retain Euplotes sp. These were thoroughly                     
washed by passing 3 liters of water through the mesh 
for the removal of any debris if present. Ciliates were 
then concentrated and isolated from the mesh into                
100 mL beaker with fresh sea water. Individuals    
mean sizes were nearly about 81μm length and 41μm 
width. 
 
Growth of Euplotes sp. were assessed in a 6- day 
feeding trial using four different food sources having 
three replicates each. For which, twelve beakers were 
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taken and to each beaker 250 mL sea water was 
added. Euplotes sp. was inoculated at a concentration 
of 50 numbers mL-1. Throughout the experiment 
continuous aeration was provided in all beakers. 
 
Feeding trials for Euplotes sp. growth was done with 
four food sources: 
 

• Nannochloropsis oculata 
• Isochrysis galbana 
• Equal proportion of N. oculata and I. galbana 
• Baker’s yeast Saccharomyces cerevisiae 

 
Each diet was tested with three replicates. For                        
the culture of microalgae N. oculata the water                    
was previously chlorinated and de-chlorinated                     
with sodium thiosulphate and the microalgae                    
were filtered using a 5μm mesh. Throughout the                   
trial the microalgal concentration was monitored                                
and kept at 10.8 ± 0.2 x 106 cells mL-¹. Microalgae N. 
oculata were cultured in modified Walne’s                       
medium under constant light and aeration and                        
then supplied to the protozoan culture. The culture                       
of I. galbana was done in Walne’s medium. 
Throughout the trial the concentration of I. galbana 
was kept at a concentration of 10.3 ± 0.2 x 106 cells 
mL-¹. Standard method was followed for the                      
yeast culture preparation. The yeast extract will 
typically contain all the amino acid necessary for its 
growth. Also, the concentration of yeast was kept at 
2.4 ± 0.6 x 106 cells mL-¹. The experimental cultures 
were kept under 24 hr light, 28 ± 1°C, salinity at 30 ± 
2 ppt, constant aeration, and no water renovation was 
done. 
 
Microalgae and yeast cell densities were                   
determined using hematocytometer, viewed under                    
a Transmission Light Microscope (Leica DM 1000 
with camera Leica DFC 290) with magnification 40x -
1000 X. Here 0.5 mL algal medium was diluted with 
water and the count was taken. 
 
Ciliate density was estimated from a 10 μL                       
sample, which was taken in a slide after fixation with 
0.05% formalin and was converted to 1mL.                          
The ciliate protozoan (Euplotes sp.) is not always                         
seen in the water column as it prefers to move on the 
substrate. To ensure reliable counting, each                       
beaker was homogenized with strong aeration prior                  
to sampling. All counting was performed in                 
triplicate. 
 
The diet yielding the best growth performance of 
Euplotes sp. during the trial was determined by using 
One Way ANOVA in Statistical Package for the 
Social Sciences (SPSS version 20) using Duncan’s 

Multiple Range Test. The results are expressed as the 
means ± S.D of the data. 
 

3. RESULTS AND DISCUSSION 
 
Population density of Euplotes sp. were evaluated 
using different diet sources in terms of increase in 
number per ml with three replicates for each day. 
During the first day of culture, Isochrysis galbana had 
a higher population density with 200±154.92 
individuals mL-1 followed by Nannochloropsis 
oculata with 166.67±103.28 ind. mL-1. Baker’s yeast 
and mixture of I. galbana + N. oculata kept the same 
density. 
 
On the second day there was a drastic increase in the 
population fed with baker’s yeast from 133.33±51.64 
to 2,100±89.44 ind. mL-1. On day 3, there was no 
significant increase in the population density fed with 
baker’s yeast compared to the second day but were 
statistically higher than the cell density in the culture 
fed with I. galbana, N. oculata and mixture of I. 
galbana + N. oculata. A drastic change in the 
population density was found on the fourth day of the 
culture. The culture fed with baker’s yeast had an 
exponential population growth (10,433.33±581.59 
ind. mL-1 ). The growth of population fed with N. 
oculata (933.3±659.29 ind. mL-1) and I. galbana + N. 
oculata (966.67±806.64 ind. mL-1) had doubled. But 
culture fed with I. galbana had no much progress in 
their population density (333.33±103.28 ind. mL-1). 
 
On the fifth day also the growth rate of the population 
density in the baker’s yeast maintained the same level 
of growth and reached 14600.00±409.88 ind. mL-1, 
which was the highest population density of Euplotes 
sp. during this trial. But the population density of 
culture fed with I. galbana, N. oculata and I. galbana 
+ N. oculata was much lower than those fed with 
yeast. On day 6 of trial the population density in the 
baker’s yeast came a bit down to 14,033.33±811.58 
ind. mL-1. But the other three trials had a slight 
increase of population density. Thus, the result 
suggests that the baker’s yeast is the best suited feed 
for the culture of Euplotes sp. and the group fed with 
I. galbana did not show any significant growth rate 
for Euplotes sp. Table (1) shows the comparison of 
population growth of four groups of treatment using 
One Way ANOVA (Duncan’s Multiple Range Test). 
Four treatment registered significant (P <0.01) 
difference between treatments in each day of culture 
except in the first day. In all treatments Baker’s yeast 
showed significantly higher cell growth compared to 
other treatments, whereas three microalgae  
treatments do not showed significant difference each 
other. 
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Fig. (1) reveals the cell growth in all the four-culture 
medium during the culture period. It clearly shows the 
significance of baker’s yeast for the cell culture. Even 
though on first day of the trial it shows very less cell 
density, remaining days shows an excellent progress. 
From the fourth day onwards, there is an exponential 
growth in the cell density. The figure clearly shows 
that the peak value is attained on the fifth day. But on 
the next day the cell density has shown a considerable 
decrease. 
 
Population growth in different treatment except 
baker’s yeast during the culture period is shown in 

Fig. (2). From the figure, it is difficult to predict the 
culture medium favorable for the growth of Euplotes 
sp. At the same time, the culture medium unfavorable 
for the growth of Euplotes sp. could be predicted as I. 
galbana, for they showed decreased cell density 
throughout the trial. From the other two mixtures N. 
oculata shows an increase in the cell density on fourth 
day of trial. N. oculata is highly rich in their nutritive 
value. So Euplotes sp. can be first cultured on baker’s 
yeast, so that the population density of cells can be 
increased and then be treated with N. oculata by 
which the nutritive value tends to show a considerable 
rise.  

 
Table 1. Analysis of variance (One Way ANOVA) comparing four groups of treatment 

 
Day of 
Culture 

  Baker’s yeast N. oculata I. galbana N. oculata + I. 
galbana 

F value 

Day 6 Mean 14033.33b 366.67a 600.00a 700.00a 718.611** 
+ SD 811.58 206.56 558.57 709.93  

Day 5 Mean 14600.00b 400.00a 366.67a 466.67a 3457.983** 
+ SD 409.88 236.64 273.25 225.09  

Day 4 Mean 10433.33b 933.33a 333.33a 966.67a 394.015** 
+ SD 581.95 659.29 103.28 806.64  

Day 3 Mean 2733.33b 333.33a 233.33a 300.00a 498.519** 
+ SD 103.28 206.56 103.28 89.44  

Day 2 Mean 2100.00b 366.67a 200.00a 233.33a 217.405** 
+ SD 89.44 258.20 0.00 136.63  

Day 1 Mean 133.33a 166.67a 200.00a 133.33a 0.611 
+ SD 51.64 103.28 154.92 51.64  

** P < 0.01; a,b – Means with same superscript within each day of culture do not differ each other (Duncan’s Multiple 
Range Test) 

 

 
 

Fig. 1. Population growth in different treatments during the culture period 
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Fig. 2. Population growth in different treatments except yeast during the culture period 
 
Live food organisms are very vital for the better 
survival of fish larvae with small mouth size. 
Therefore, an appropriate live food like small                   
ciliates (Euplotes sp.) must be provided. They                       
are considered to be much more resistant than                    
other live food organisms. From the studies, it is                 
clear that the baker’s yeast is the best medium for 
culture of Euplotes sp. than the popular algal                     
feeds like Isochrysis galbana and Nannochloropsis 
oculata and their combination. In this case the 
Euplotes sp. is found growing to maximum population 
on the fifth day of culture. In fin fishes, the fish larvae 
start its feeding by 5-7 days of post hatching. Until 
that time, larvae like salmon grow using their yolk 
[18].  
 
So, by observing the day of larval hatching, the live 
feed Euplotes sp. can be grown to their maximum 
density for feeding. Yeasts can be mass-produced at 
relatively low cost. But some reports suggest that the 
Euplotes sp. fed with baker’s yeast had less nutritive 

value compared to microalgal feed. The nutritional 
value and digestibility of yeast-based diets can be 
improved by the addition of essential nutrients and the 
chemical treatment of the yeast cell wall [4]. The 
nutritional value of any algal species for a particular 
organism depends on its cell size, digestibility, 
production of toxic compounds, and biochemical 
composition. Micro-algae can be considered as a rich 
source of ascorbic acid [4].  
 
Therefore, enriching the Euplotes sp. with microalgae 
after being grown in baker’s yeast (Fig. 3) will result 
in higher survival of marine fish larvae. This study 
also indicates that Euplotes sp. can survive and 
multiply using nutritionally rich microalgae like N. 
oculata and I. galbana within shorter duration. So, the 
yeast fed Euplotes sp. culture can be highly enriched 
easily by growing them further in micro-algal media 
for one day. It is also favorable to culture the Euplotes 
sp. in baker’s yeast and then in the mixture of 
microalgae.  

 

 
 

Fig. 3. Yeast fed Euplotes sp. after enrichment with N. oculata 
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The density of Euplotes sp. fed with N. oculata was 
found satisfactory. Even with a growth performance 
lower than the group fed with baker’s yeast, N. 
oculata in the culture of Euplotes sp. may be 
interesting when the intention is to feed these 
organisms to fish larvae, as it is enriched with 
polyunsaturated fatty acids. They are of nutritional 
value for marine fish larvae and juvenile stages of 
molluscs [19]. I. galbana is also used as a                      
marine culture feed due to its high content of                 
protein and polyunsaturated fatty acids (PUFAs) 
[20,21] 
 

Like all the other organisms, culturing Euplotes sp. 
also has advantages and some disadvantages. Some of 
the advantages are the small size, fast growth, high 
culture densities, and resistance to high concentrations 
of ammonia in water. Also, the possible disadvantages 
may be that these ciliates need to be enriched before 
supplied to fish larvae, and predation may be hindered 
by their benthic habit [20,22,23]. Sorgeloos et. al. 
[24] reported a strong correlation between the dietary 
EPA content and survival, and between DHA and 
growth of the Asian sea bass larvae. But 
disadvantages could be overcome by the                       
early said methods like enriching with other 
supplements like microalgae or any other artificial 
feeds. 
 

Many live feeds are widely used such as rotifers 
(Brachionus sp.), Artemia nauplii and others which 
are of no match to smaller and not ideal for fish larvae 
like red snapper, cleaner goby (Gobiosoma evelynae) 
and groupers with much smaller mouth size. The 
present study points to the feasibility of intensive 
culture of the ciliate protozoan Euplotes sp. which are 
very small compared to the popular live food 
organisms. Soft bodied, microscopic, and nutritionally 
rich ciliates are more preferred by larval fishes. The 
culture of Euplotes sp. was done in different culture 
medium like baker’s yeast, Nannochloropsis oculata, 
Isochrysis galbana, and a combination of N. oculata + 
I. galbana. Euplotes sp. fed with baker’s yeast 
showed high population density which were 
significant (P<0.01). Growth rate of Euplotes sp. fed 
with baker’s yeast were found to be 15 times greater 
when compared to those fed with other feeds. 
Nannochloropsis oculata and Isochrysis galbana are 
also good food for the survival and multiplication but 
baker’s yeast is proved as the best media for mass 
production. Euplotes sp. can be cultured easily in 
large scale for commercial hatcheries using relatively 
cheaper method proved here as using baker’s yeast. 
Euplotes sp. thus produced, should be enriched with a 
suitable medium. Nannochloropsis oculata and 
Isochrysis galbana can be used for the final 
enrichment of the mass culture produced using 
baker’s yeast. 

4. CONCLUSIONS 
 
The present study demonstrates the feasibility of an 
intensive culture of the ciliate protozoan Euplotes sp., 
to be used as a live feed in lieu of others, for its 
growth in a suitable medium. The culture of Euplotes 
sp. was done in different culture medium like baker’s 
yeast, Nannochloropsis oculata, Isochrysis galbana, 
and a combination of N. oculata + I. galbana., but all 
the other three except baker’s yeast medium was not 
found much efficient. Enhanced biomass growth was 
obtained by feeding baker’s yeast i.e., 15 times 
greater when compared to those fed with commonly 
used mediums in rotifer culture. The result suggests 
that the baker’s yeast is the best suited medium for the 
culture of Euplotes sp. as the groups fed with other 
feed did not show any significant growth rate. 
 

ACKNOWLEDGEMENTS 
 
The author is thankful to Dr. B. Santhosh, Principal 
Scientist, Central Marine Fisheries Research Institute, 
Vizhinjam Regional Centre, Kerala for providing 
technical support for the isolation and culture of the 
protozoan. 
 

COMPETING INTERESTS 
 
Author has declared that no competing interests exist. 
 

REFERENCES 
 
1. New MB. Global Aquaculture: Current trends 

and challenges for the 21st century. World 
Aquaculture. 1999;30(1):8-13. 

2. Kraul S. Live food for marine fish larvae. 
Pacific planktonics. 2006;73-998. 

3. Cortney L, Ohs Eric J. Cassiano, Adelaide 
Rhodes. Choosing an appropriate live feed for 
larviculture of marine fish. University of 
Florida, U.S FA. 2009;161. 

4. Lavens P, Sorgeloos P. Manual on the 
production and use of live food for 
aquaculture. FAO Fisheries Technical Paper. 
361, Lab of Aquaculture and Artemia 
Reference Centre. FAO United Nations, Rome; 
1996. 

5. Pierce RW, Turner JT. Ecology of planktonic 
ciliates in marine food webs. Reviews in 
Aquatic Science. 1992;6:139-181. 

6. Nagano N, Iwatsuki Y, Kamiyama T, Shimizu 
H, Nakata H. Ciliated protozoans as food for 
first-feeding larval grouper, Epinephelus 
septemfasciatus: Laboratory experiment. 
Plankton Biol. Ecol. 2009;(2):93-99 

7. Hansen PJ. Prey size selection, feeding rates 
and growth dynamics of heterotrophic 



 
 
 
 

Balamurali; UPJOZ, 41(9): 140-146, 2020 
 
 

 
146 

 

dinoflagellates with special emphasis 
on Gyrodinium spirale. Mar. Biol.  
1992;114:327-334 

8. Gifford DJ. The protozoan-metazoan trophic 
link in pelagic ecosystems. J. Protozool. 
1991;38:81-86.  

9. Adriana JV, Chu FLE, Tang KW. Trophic 
modification of essential fatty acids by 
heterotrophic protists and its effects on the 
fatty acid composition of the copepod Acartia 
tonsa. Mar. Biol. 2006;148:779-788. 

10. Taniguchi A. Reproduction and life histories of 
the tintinnid ciliates (Review). Bulletin of the 
Plankton Society of Japan. 1978;25(2):123-
134. 

11. Denis H. Lynn. The ciliated protozoa 
(characterization, classification, and guide to 
the literature). University of Guelph, Canada; 
2007. 

12. Hunt VH, Herbing I., Gallager SM, Halteman 
W. Metabolic costs of pursuit and attack in 
early larval Atlantic cod. Marine Ecology 
Progress Series. 2001;216:201-212. 

13. Curds CR. A guide to the species of the genus 
Euplotes (Hypotrichia, Ciliata). Bull. Br. Mus. 
(Nat. Hist.) Zool. 1975;28:1–61. 

14. Gates MA, Curds CR. The dargyrome of the 
genus Euplotes (Hypotrichida, Ciliophora). 
Bull.Br. Mus. nat. Hist. (Zool.). 1979;35:127-
134. 

15. Harvey RH, Mc Manus GB. Marine ciliates as 
a widespread source of tetrahymanol and 
hopan-3β-ol in sediments. Geochim 
Cosmochim Acta. 1991;55:3387-339.0 

16. Ourisson G, Rohmer M, Poralla K. Prokaryotic 
hopanoids and other polyterpenoid sterol 
surrogates. Annu. Rev. Microbiol. 
1987;41:301-333. 

17. Olivotto I, Zenobi A, Rollo A, Migliarini B, 
Avella M, Carnevali O. Breeding, rearing and 
feeding studies in the cleaner goby Gobiosoma 
evelynae. Aquaculture. 2005;250(1):175-182. 

18. Dhert P, Sorgeloos P. Live feeds in 
aquaculture. (Nambiar, K.P.P. and Tarlochan 
Singh (Eds.). Aquaculture towards the 21st 
century, Infofish, Kuala Lumpur. 1995;285-
286. 

19. Drora K, Cohen Z, Abeliovich A. Optimal 
growth conditions for lsochrysis galbana. 
Biomass. 1986;9(1):37-48. 

20. Cortes GF, Tsuzuki MY, Melo EMC. 
Monoculture of the ciliate protozoan Euplotes 
sp. (Ciliophora; Hypotrichia) fed with different 
diets. Acta Scientiarum. Biological Sciences. 
2013;35(1):15-19 

21. Jeffrey SW, LeRoi JM. Simple procedures for 
growing microalgal cultures. Phytoplankton 
pigments in oceanography; Monographs on 
oceanographic methodology 10, UNESCO, 
France. 1997;181-205. 

22. Cheng SH, Aoki S, Maeda M, Hino A. 
Competition between the rotifer Brachionus 
rotundiformis and the ciliate Euplotes vannus 
fed on two different algae. Aquaculture. 
2004;241(26):331-343. 

23. Xu, H., Song, W. and Warren, A. 2004. An 
investigation of the tolerance to ammonia of 
the marine ciliate, Euplotes vannus (Protozoa, 
Ciliophora). Hydrobiologia, 519, (1-3): 189-
195. 

24. Sorgeloos P, Léger PH, Lavens P. Improved 
larval rearing of European and Asian seabass, 
seabream, mahimahi, siganid and milkfish 
using enrichment diets for Brachionus  and 
Artemia. World Aquaculture. 1988;19:78-       
79. 

__________________________________________________________________________________________ 
© Copyright MB International Media and Publishing House. All rights reserved.  


