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Abstract 

Clam shrimp (Phyllopod order Conchostraca) is a freshwater crustacean 
belonging to the subclass of Branchiopoda. Cyclestheria hislopi is the only 
species in the family Cyclestheriidae that has been reported to have the larval 
development occurs within the brood chamber under carapace. Development of 
optimum conditions for better growth and reproduction are important for its 
successful cultivation. The objective of this study was to determine the effects of 
different types of feed and light intensity levels on the growth and reproduction of 
C. hislopi. Three types of feed (formulated diet, and two species of microalgae 
Scenedesmus sp. and Chlorella sp.) and five levels of light intensity (0, 15, 30, 45 
and 60 µmol m-2 s-1) were used in this experiments. Cyclestheria hislopi showed 
the best growth and reproductive performance when fed with Chlorella sp. and 
when were kept under the lowest light intensity. Therefore, these conditions can 
be used successfully for cultivation of C. hislopi for use in aquaculture and other 
related industries.  
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1. Introduction 
 
Clam shrimp (a Phyllopod order Conchostraca), is a freshwater crustacean 
belonging to the subclass of Branchiopoda. It is the only member of the family 
Cyclestheriidae [13]. It was first described by Baird [1] from India and has been 
reported subsequently from other countries especially in Southeast Asia, including 
Malaysia which was reported by Martin et al. [4]. The name clam shrimp is 
derived because of the presence of a bivalve carapace that resemblance the shape 
of a clam’s shell which completely encloses its body and limb. The clam shrimps 
can be found in small, temporary ponds or rainwater pool with aquatic vegetation 
[2]. Cyclestheria hislopi is the only species that has been reported to be found in 
permanent water body from many countries especially in Southeast Asia [4, 9]. 

Very limited research was carried out on this crustacean as compared to 
the other orders in Branchiopoda like brine shrimp (Anostracans) and water fleas 
(Cladocerans). Although there are papers which discuss the morphology [3, 7], 
evolution of unisexuality [12], and reproductive biology [14, 15] of Conchostraca, 
study on the other aspects of this crustacean is still lacking. Furthermore, most of 
the information on clam shrimp was derived from field observations rather than 
experimentation. Therefore, this study is necessary to understand clam shrimp 
better, and evaluate its usefulness as a live feed in aquaculture industry. One of 
the interesting topics to be studied will be the optimum conditions for clam 
shrimps to grow and reproduce, so that rearing and mass production of clam 
shrimp is possible. This information will further aid future research to test on the 
potential benefits of the clam shrimp in aquaculture and other related industries. 

Clam shrimp often inhabit the benthos, but they can actively swim in the 
water column upon disturbance. They are generally acknowledged as non-
selective filter feeders that feed mainly on detritus and other minute organic 
materials [5, 6]. In contrast, Royan [11] reported that clam shrimps are selective 
omnivorous bottom feeder. They can feed on algae, zooplankton, detritus and 
suspended particles stirred up from the bottom. Therefore, it is also important to 
know the feeding habits and food preferences of clam shrimp in order to culture 
them. Based on our preliminary field and laboratory observation, it was observed 
that clam shrimp preferred to dig and hide into mud or layer of organic matter at 
the bottom of pool, or attached themselves under thick layer of aquatic plants 
where there was no direct penetration of sunlight. Therefore, light could probably 
be a factor that controls the growth and reproduction of clam shrimp. Thus, this 
study was undertaken to determine the best food type for C. hislopi and also to  
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examine the effects of different light intensity levels on the growth and 
reproduction of clam shrimp.  

  

2. Materials and methods 
 
2.1.  Sampling: The live clam shrimps were collected from a pond (GPS 
location ± 4 m; N 03°00.043’; E 101°43.425’) located on campus of the Universiti 
Putra Malaysia by using a fine meshed net. The aquatic vegetation that dominated 
the pond was Utricularia sp. Depth of the pond where the clam shrimps were 
collected was 40 ± 10 cm with maximum temperature of 31°C. Light intensity that 
penetrated the water and vegetation was 45 ± 10 µmol m-2 s-1. The other physical 
parameters that include are conductivity 22 ± 6 µS/cm, pH 6.04 ± 0.04 and 
dissolved oxygen 6.70 ± 2.15 mg/l.  
 
2.2. Rearing of clam shrimps: Three of the collected clam shrimps (young 
female, adult female and gravid female) were preserved under 5% formaldehyde 
and these were used for species identification purpose. The other clam shrimps 
were reared in laboratory with the physical conditions maintained close to their 
normal habitat conditions. Each clam shrimp was reared separately in a beaker so 
that the date of each offspring being produced could be identified. The culture was 
continued for several generations until the population of clam shrimp reached 20 
individuals for the light intensity experiment.  
 
2.3.  Feeding experiment: Feeding experiment was conducted by using three 
types of feed which were 1. Formulated commercial feed (Hikari Tropical First 
Bite), 2. Suspension of green alga Scenedesmus sp. and 3. Chlorella sp. For each 
type of feeding experiment, four clam shrimps were collected from the pond and 
each individual was placed in a specimen container of 50 ml containing 30ml of 
autoclaved pond water. All containers were covered from direct sunlight to 
maintain the light intensity of about 3 ~ 4 µmol m-2 s-1. Water changes were done 
in every three days. 10 ml of prepared formulated feed and approximately 5x106 
cells/ml of Scenedesmus sp. and Chlorella sp. were supplied in every three days. 
The cultures were maintained for five weeks and the total number of 
offspring/neonate released per female, number of brood per female, maturation 
time of egg in days, the maximum number of individual per container (one litre) 
in the population during the culture was recorded. 

 
2.4.  Light intensity experiment: Fifteen similar age and similar size newly 
produced offspring obtained from the culture of previous feeding experiments 
were used in this study. The experiment was conducted using transparent 
specimen containers (50ml) containing 30 ml of autoclaved pond water. Cold  
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white light at 12:12 photoperiod with five different light intensities (to 60 µmol m-

2s-1, 45 µmol m-2s-1, 30 µmol m-2s-1, 15 µmol m-2s-1, 0 µmol m-2s-1) were used with 
three replicates. Light intensities were measured using LI-COR Quantum Light 
Sensor (Model LI-190). Levels of light intensities were manipulated by adjusting 
the distance of containers to light and at the same time covered the containers with 
different materials. The clam shrimp in all five treatments were fed with Chlorella 
sp. every three days at density of 5x106 cells/ml. 

Each treatment was observed and recorded to ascertain: (i) age of female 
when the first egg appeared; (ii) maturation time of eggs; (iii) age of female at 
first reproduction (first neonate was released); (iv) size of female at first 
reproduction; (v) total number of eggs per female; (vi) total number of neonate 
released per female; (vii) number of brood a female can have; (viii) the longevity 
of female; and (ix) the maximum number of individuals in the population during 
the culture. Routine experimental procedures include removing of fecal materials, 
dead animals, molted exoskeleton, and recording the survival and mortality of 
reared clam shrimp. 

2.5.  Specific growth rate measurement: The maximum specific growth rate 
(K) from both feeding and light intensity experiments were calculated by using 
the following formula [8]:  

K = [ln(X2) – ln(X1)] / (T2 – T1) 

Where, X1 is the number of clam shrimps at the initial of selected time interval 
 X2 is the number of clam shrimps at the final of selected time interval 
T2 – T1 is the selected time (days) for determination of number of clam 

shrimps 
 

2.6.  Statistical analysis: The collected data were analysed using Microsoft 
Excel 2010 to calculate mean and standard deviation of variables. The statistical 
significant differences between means of variables were determined using One 
Way ANOVA with Turkey test at p<0.05.   

 

3. Results and discussion 

 Cyclestheria hislopi fed with Chlorella sp. showed significantly better 
growth rate and reproductive performance (p<0.05) as compared to artificial feed 
and Scenedesmus sp. (Tables 1 and 2), probably due to suitable size and texture of 
the Chlorella cells. The total number of eggs per female, total number of neonates 
per female and the number of brood per female were also significantly higher (p < 
0.05) in the clam shrimp fed with Chlorella sp. although there was no significant 
difference in maturation time of eggs (days) between Scenedesmus sp. and  
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Chlorella sp., feed. There were no significant differences (p > 0.05) between the 
means of all parameters for C. hislopi fed with formulated feed and Scenedesmus 
sp. (Tables 1 and 2). Both types of feeding did not favour the growth and 
reproduction of C. hislopi. The reason could be the artificial feed might have 
deteriorated the water quality faster, caused changes in the conductivity, pH and 
dissolved oxygen content of water and therefore caused stress to the clam 
shrimps. The algae Scenedesmus sp. was not readily acceptable by the clam 
shrimps, probably because of the presence of spines. 

 During the experiment, it was observed that C. hislopi preferred to hide 
themselves inside the clumps of algae. Therefore another explanation for the 
significant differences in the results shown by the types of algae was that 
Chlorella sp. was aged at nearly death phase and sinking, so the algae clumps had 
provided suitable place for the animal to hide and feed inside. Scenedesmus sp. 
was exponentially growing young algae, suspended well in the water column, and 
hence did not provide a hiding place for clam shrimps that preferred to stay at the 
bottom. The small size of Chlorella sp. (2 – 6 µm) might also be a reason that led 
to the successful culture of C. hislopi. Similar to Yashima et al. [16], they 
cultivated C. hislopi successfully by using chlorophycean Pseudokirchneriella 
subcapitata (8 – 12 µm) as feeding material.  

 

3.1.  Effects of different levels of light intensity: 

 The light intensity at where C. hislopi were collected was 45 ± 10 µmol m-

2 s-1. Thus, this level of light intensity was used as the control group in this 
experiment. The results showed no significant difference for all the parameters 
between the control group and light intensity 60 µmol m-2 s-1. However, lower 
production (number of eggs, neonates and broods) rate and longer production time 
(age at first appear of egg, maturation time of eggs and age at first reproduction) 
was observed at light intensity 60 µmol m-2 s-1 (Tables 3 and 4). 

 The results also showed significant difference for some of the parameters 
between the control group and light intensity of 15 µmol m-2 s-1. At light intensity 
15 µmol m-2 s-1, the maturation time of eggs was significantly shorter (p<0.05) 
and the clam shrimp also reached reproduction age earlier (Table 3). The size 
(height and length) of clam shrimp was also significantly smaller at the first 
reproduction age (Table 4). 

  There were also significant differences regarding most of the parameters 
between the control group and light intensity of 0 µmol m-2 s-1. At 0 µmol m-2 s-1, 
the clam shrimp had significantly shorter (p < 0.05) maturation time, at which the 
first egg started to appear at age of 15±1.73 days while the eggs matured and 
being released in 8.00±1.73 days (Table 3). In addition compared to the control,  
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the clam shrimp reached reproduction age earlier at significantly smaller size 
when there was no light (Table 4). Clam shrimp also produced significantly more 
(p<0.05) eggs and offsprings compared to the other treatment groups at light 
intensity level 0 µmol m-2 s-1 (Table 5). The longevity of female clam shrimp also 
significantly longer (p<0.05) at light intensity of 0 µmol m-2 s-1 compared to 60, 
45 and 30 µmol m-2 s-1. At 0 µmol m-2 s-1, longevity of female was 52.33±3.51 
days; likewise the culture of same species by Yashima et al. [16] also showed 
female longevity from 52 to 70 days. 

 Light intensity of 0 µmol m-2 s-1 was the only treatment group that showed 
significant difference in maximum specific growth rate, K (Table 5). The value of 
K was 0.11 ± 0.01, significantly higher than the K value of 0.07 ± 0.01 in the 
control group. This indicated that the C. hislopi grew and reproduced better in 
condition of low light intensity (probably in darkness), which also explained why 
the animals always like to hide under layer of soil or vegetation. Although light 
intensity was not pointed by Yashima et al. [16] in their successful culture of C. 
hislopi the culture tank was covered with thick water ferns (Salvinia auriculata). 
The presence of thick vegetation had directly reduced the light intensity in their 
culture tank, which probably became one of the factors that led to the success of 
their culture. Roessler [10] also reported that C. hislopi are more commonly found 
in permanent water bodies with certain water depth and thick vegetation. If the 
spot or habitat is lack of vegetation, they will dig and hide under the mud, where 
they will secrete mucus to encapsulate themselves.  

 

4. Conclusions 

The morphological and phylogenetic aspects of Cyclestheria hislopi are already 
established, its ecological preferences are yet to receive attention. The clam 
shrimp was already readily cultured in the laboratory but suitable feeding is 
essential in order to keep and scale-up the culture. Based on the results obtained in 
this work, clam shrimp preferred the small size feed that sink and form clumps at 
the bottom, in order to provide them a place to hide and at the same time to feed 
inside. Besides, the condition with low light intensity was more suitable for clam 
shrimps to grow and reproduce. The information obtained from this study is 
important for mass production and to further aid future research to test on the 
potential benefits of the clam shrimp in aquaculture and related industries.  

 

Acknowledgements 

The Project was supported by the Research University Grant Scheme (RUGS) of 
Universiti Putra Malaysia (UPM) Vide Project (No. 05-03-10-1034RU). 



Effects of different feed types and light intensity levels                                       81 
 

 

References 

[1]   W. Baird, Description of some new recent Entomostraca from Nagpur, 
collected by the Rev. S. Hislop, Proceedings of the Royal Society of London 
Series B-Biological Sciences, 63 (1859), 231-234.  

 

[2]   J.A. Bishop, Seasonal occurrence of a Branchiopod Crustacean, Limnadia 
stanleyana  King (Conchostraca) in Eastern Australia, Journal of Animal 
Ecology, 36 (1967), 77-95. 

 

[3]  R.L. King, On the anatomy of certain forms of Australian Entomostraca, 
Transactions of the Entomological Society of New South Wales, 1 (1863-
1866), 162-166. 

 

[4]  J.W. Martin, S.I. Boyce and M.J. Grygier, New records of Cyclestheria 
hislopi (Baird, 1859) (Crustacea: Branchiopoda: Diplostraca: Cyclestherida) 
in Southeast Asia. The Raffles Bulletin of Zoology, 51 (2003), 215-218. 

 

[5]  K.K.N. Nair, Observations on the biology of Cyclestheria hislopi (Baird) 
(Conchostraca: Crustacea), Archiv fur Hydrobiologie, 65 (1968), 96-99. 

[6]  C.K.G. Nayar and K.K.N. Nair, On a collection of Conchostraca (Crustacea: 
Branchiopoda) from South India with the description of two new species, 
Hydrobiologia, 32 (1968), 219-224. 

 

[7]  J. Olesen, J.W. Martin and E. Roessler, External morphology of the male of 
Cyclestheria hislopi (Baird, 1859) (Crustacea, Branchiopoda, Spinicaudata), 
with comparison of male claspers among the Conchostraca and Cladocera 
and its bearing on phylogeny of the “bivalve” Branchiopoda, Zoologica 
Scripta, 25 (1997), 291-316. 

 

[8]  M. Omori and T. Ikeda, Methods in Marine Zooplankton Ecology, Wiley, 
New York, 1984. 



82                        Iing Xiao Wei, Srikanth R. Medipally and Fatimah Md. Yusoff  

 

 

[9]  S.M. Padhye, H.V. Ghate and K. Pai, New locality record and additional 
information on the habitat of Cyclestheria hislopi (Baird, 1859) (Crustacea: 
Branchiopoda: Cyclestherida) in India, Journal of Threatened Taxa, 3 
(2011), 1445-1448. 

 

[10]  E.W. Roessler, Review of Colombian Conchostraca (Crustacea) - ecological 
aspects and life cycles – family Cyclestheriidae, Hydrobiologia, 298 (1995), 
113-124. 

 

[11]  J.P. Royan, Studies on the gut contents of Leptestheriella maduraiensis 
(Crustacea: Branchiopoda) Nayar and Nair, Hydrobiologia, 51 (1976), 209-
212. 

 

[12]  C. Sassaman, Sex determination and evolution of unisexuality in the 
Conchostraca, Hydrobiologia, 298 (1995), 45-65. 

 

[13]  M. Schwentner, S. Clavier, M. Fritsch, J. Olesen, S. Padhye, B.V. Timms 
and S. Richter, Cyclestheria hislopi (Crustacea: Branchiopoda): A group of 
morphologically cryptic species with origins in the Cretaceous, Molecular 
Phylogenetics and Evolution, 66 (2013), 800–810. 

 

[14]  F. Tinti and F. Scanabissi, Reproduction and genetic variation in clam 
shrimps (Crustacea, Branchiopoda, Conchostraca), Canadian Journal of 
Zoology, 74 (1996), 824-832. 

[15]  S.C. Weeks, R.T. Posgai, M. Cesari and F. Scanabissi, Androdioecy inferred 
in the clam shrimp Eulimnadia agassizii (Spinicaudata: Limnadiidae), 
Journal of Crustacean Biology, 25 (2005), 323-328. 

 

[16]  M.N. Yashima, A. Baldochi and O. Rocha, Life cycle of Cyclestheria 
hislopi (Baird, 1859) (Crustacea, Branchiopoda), Brazilian Journal of 
Biology, 71 (2011), 481-486. 



Effects of different feed types and light intensity levels                                       83 
 

 

 

 

 

Table 1: The mean ± SE (n = 12, 10 and 18 respectively for formulated feed 
(Hikari Tropical First Bite), Scenedesmus sp. and Chlorella sp.) total number of 
eggs per female, total number of neonates per female and number of broods per 
female of C. hislopi fed with different food items.  

 

Types of feed Parameters measured 
Total no. of eggs   

female-1 
Total no. of   

neonates female-1 
No. of brood  

            female-1 
    

Formulated feed 

 

         1.33a ± 0.28           0.67a ± 0.28               0.42a ± 
0.19 

  

Scenedesmus sp.          1.20a ± 0.33           0.40a ± 0.27               0.20a ± 
0.13 

 

 

Chlorella sp.                      3.00b ± 0.29              2.33b ± 0.44              0.83b ± 
0.15 

    
    

Means in the column with the same superscript are not significantly different at 
p>0.05. 
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Table 2: The Mean ± SE (n = 12, 10, 18 respectively for formulated feed (Hikari 
Tropical First Bite), Scenedesmus sp. and Chlorella sp.) maturation time of egg 
(days) and the maximum specific growth rate, K of C. hislopi fed with different 
food items. 

Types of feed 
 

Parameters measured 
Maturation time of egg 

(days) 
Maximum specific 

growth rate, K 
   

Formulated feed 13.25a ± 0.43 0.05a ± 0.00 
 

Scenedesmus sp. 12.50a,b ± 0.67 0.03a ± 0.00 
 

Chlorella sp. 10.54a ± 0.64 0.05a ± 0.00 
Means in the column with the same superscript are not significantly different at 
p>0.05. 

 

 

Table 3: The mean ± SE (n = 3) age at first appear of egg (days), maturation time 
of eggs (days) and age at first reproduction (days) of C. hislopi reared under 
different levels of light intensity. 

Light intensity 
(µmol m-2 s-1) 

Parameters measured 
Age at first 

appear of egg 
(days) 

Maturation time of 
egg (days) 

Age at first 
reproduction (days)

    
60 24.50a,b ± 2.86 12.00a,b ± 1.64 36.50a ± 1.22 

 
45 23.00a ± 0.10 13.00a ± 0.10 36.00a ± 0.10 

 
30 25.33a,b ± 1.33 8.33a,b ± 1.33 33.67a ± 1.33 

 
15 17.33a,b ± 2.03 8.00b ± 0.10 25.33b ± 1.33 

 
0 15.00b ± 0.10 8.00b ± 0.10 23.00b ± 0.10 

 
Means in the column with the same superscript are not significantly different at 
p>0.05. 
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Table 4: The mean ± SE (n = 3) length at first reproduction (mm), height at first 
reproduction (mm) and longevity of female (days) C. hislopi reared under 
different levels of light intensity. 

Light intensity 
(µmol m-2 s-1) 

Parameters measured 
Length at first 

reproduction (mm) 
Height at first 

reproduction (mm) 
Longevity of 
female (days) 

    
60 2.69a ± 0.02 2.25a ± 0.01 43.50a ± 1.22 

 
45 2.73a ± 0.02 2.28a ± 0.01 43.00a ± 0.10 

 
30 2.74a ± 0.02 2.28a ± 0.02 43.00a ± 0.10 

 
15 2.62b ± 0.02 2.19b ± 0.01 46.33a,b ± 1.33 

 
0 2.60b ± 0.00 2.17b ± 0.00 52.33b ± 2.03 

 
Means in the column with the same superscript are not significantly different at 
p>0.05. 
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Table 5: The mean ± SE total number of eggs per female, total number of 
neonates per female, number of broods per female, and maximum specific growth 
rate, K of C. hislopi reared under different levels of light intensity. 

  

Light intensity 
(µmol m-2 s-1) 

Parameters measured  
Total no. of 

eggs female-1 
Total no. of 

neonates 
female-1 

No. of broods 
female-1 

Maximum 
specific 

growth rate, 
K 

     
60 1.33a ± 0.66 0.67a ± 0.33 0.67a ± 0.33 0.03a ± 0.01 

 
45 2.00a,b ± 0.00 1.67a ± 0.33 1.00a ± 0.00 0.07a,b ±0.00 

 
30 2.67a,b ± 0.66 2.67a,b ± 0.66 1.00a ± 0.00 0.08b ± 0.00 

 
15 4.67b ± 0.66 4.33b,c ± 0.33 1.33a ± 0.33 0.09b,c ±0.00 
     
0 7.33c ± 0.66 6.67c ± 0.66 2.00a ± 0.00 0.11c ± 0.00 

 
Means in the column with the same superscript are not significantly different at 
p>0.05. 
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