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EFFECTS OF FOOD DENSITY O N FEEDING AND MOULTING OF 

PHYLLOSOMA LARVAE OF THE SPINY LOBSTER 

PANULIRUS HOMARUS (LINNAEUS) 

M. YlJAYAKUMARAN* AND E. V. RADHAKRISHNAN* 

Central Marine Fisheries Research Institute, Cochin 682 031 

ABSTRACT 

Feeding response of the laboratory reared second stage phyllosoma larvae of the spiny lobster 
Panulirus homarus was studied individually on a diet of newly hatched Artemia salina nauplii. The 
density of food affected feeding and moulting under experimental conditions. With increase in density 
of Artemia nauplii from 1 to 100/60 ml, consumption also increased from an average of 0.5 to 27.8 
nauplii/day. Percentage consumption increased from 50 when offered 1 nauplius/ 60 ml to 80 at a 
ration of 5 nauplii and thereafter decreased gradually to 27.8 at a density of 100 nauplii/60 ml. 

Density showed positive correlation (p 0.05) with the number of nauplii consumed. The second 
stage phyllosoma required 30 days to complete third moult at a food density of 5 nauplii/60 ml and 
only 17 days at a density of 60 to 100/60 ml. Since there was no appreciable difference in moulting 
frequency of individuals offered more than 60 nauplii, maximum growth of phyllosoma may be 
obtained at a food density of 60 nauplli/60 ml. 

INTRODUCTION 

ESTIMATION of optimum feeding level is an 
important factor in controlled culture 
of larval stages of many fish and shellfish. 
Optimum rations help to prevent cannibalism 
by tmderfeeding, fouling of water by over
feeding and to avoid wastage of larval foods 
which are generally expensive. Studies on 
optimum food requirement of phyllosoma 
larvae of palinurid lobsters are limited (Inoe, 
1965; Saisho, 1966) and no such study is 
reported for Indian lobsters. 

All attempts to rear the larvae of palinurids 
in the laboratory from hatching to puerxdus 
have been unsuccessful due to lack of suitable 
feeds to meet the changing nutritional require
ments. However early larval stages are 

* Present address: Madras Research Centre of 
Central Marine Fisheries Research Institute, Madras-
600 105. 

successfully fed on Artemia nauplii (Inoe, 1965 ; 
Jhonson and Knight, 1968; Dexter, 1972). 
Live or freshly killed chaetognaths, fish larvae, 
ctenophores and hydromedusae also proved 
to be excellent food sources (Mitchel, 1971). 
But the difficulty in obtaining sufficient numbers 
percludes these as food sources in lengthy 
laboratory studies (Dexter, 1972). Hence 
nauplii of Artemia remains as one of the best 
feeds for early larval stages of palinurid larvae. 

The present study is intended to estimate the 
effects of density of Artemia salina nauplii on 
feeding and moulting frequency of phyllosoma 
larvae of the Indian spiny lobster Panulirus 
homarus. 

We thank Dr. E. G. Silas, Director, Central 
Marine Fisheries Research Institute, Cochin 
and Shri T. Tholasilingam, Madras Research 
Centre of CMFRI for their guidance and 
encouragement throughout the course of 
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this Study. We are also grateful to 
Dr. E. Vivekanandan, Madras Research 
Centre of CMFRI for help rendered in the 
preparation of the manuscript. 

day light condition which prevailed in the 
laboratory. The study lasted for 37 days 
and at the end developmental stages attained 
by the larvae were recorded. 

MATERIAL AND METHODS 

Laboratory hatched phyllosoma larvae of 
the spiny lobster Panulims homarus were fed 
on live Artemia salina nauplii from the second 
day after hatching. Majority of the larvae 
moulted into II stage after eight days. To 
determine optimum density of Artemia nauplii 
required as food daily, it was necessary to hold 
the larvae individually and culture them at a 
series of feeding levels. Experiments were 
conducted in the field laboratory of the Central 
Marine Fisheries Research Institute, Kovalam, 
Tamil Nadu, India. 

Healthy II stage larvae were selected and 
reared individuaUy in transparent plastic con
tainers (capacity 125 ml) containing 60 ml of 
sea water. They were divided into nine groups, 
each containing four larvae and were fed on 
freshly hatched Artemia salina nauplii in the 
following rations : 1, 5, 10, 20, 40, 60, 80 
and 100 per day. One of the groups was 
maintained without feeding to stttdy the eifect 
of starvation. 

Artemia nauplii were counted and fed to the 
respective groups daily in the morning after 
changing water. Sea water used in the study 
was filtered through 1/i cartridge filters. 
Before changing water unfed nauplii of the 
previous day were removed and counted. 
Moulting of the larvae was recorded whenever 
it occurred. The moults were removed and 
preserved in 5 % formalin. 

The experiment was conducted in ambient 
water temperature which ranged from 25.4''C 
to SO'C with an average of 28. r c . Salinity 
of the sea water used varied between 32 %o 
and 34.5%o. Larvae were kept under natural 

RESULTS AND DISCUSSION 

The number of nauplii consumed by the 
larvae increased from an average of 0.5 in the 
group given Inauplius to 27.8 in that offered 
100 nauplii per day (Fig. 1), showing a positive 
correlation with density of food (r= 0.959, 
p 0.05). It is also evident from Fig. 1 that the 
larvae are capable of consuming more than 
27.8 nauplii, if they are offered more than 
100 nauplii per day. 

Efficiency of consumption, measured 
as percentage of available food consumed, 
was greatest at lower feeding levels (Fig. 1). 
The reason is that at lower feeding levels the 
food supply was insufficient to meet the nutri
tional requirement of the larvae. Percentage 
of food consumed decreased gradually from 
80 to 27.8 between daily rations of 5 and 100 
nauplii. But at the lowest density of 
1 nauplii/60ml per day the percentage consump
tion was only 50, since the larvae became 
progressively weaker and were unable to catch 
the prey on its own effort. 

Size increase over lime (motdting frequency) 
and size increase per moult are considered as 
indices of growth in many crustaceans. In 
Carcinus and some other crustaceans nutrition 
influences size increase over time by controlling 
moulting frequency and not size increase per 
moult (Aiken, 1977). In his study size increase 
per moult could not be measured as it would 
result in harming the larvae. Preserved moults 
also could not be measured accuiately and 
hence moulting frequency is considered as 
growth. 

Under starvation and at the lowest ration of 
1 nauplius per day the larvae did not moult 
at all and survived only for 14 and 17 days 



EFFECTS OF FOOD DENSITY ON PHYLLOSOMA LARVAE 1283 

.30 

number of nauplii consumed 

percentage of food consum^ -100 

90 g 

10 20 30 40 90 «0 70 80 
NUMBER OF ARTEMIA NAUPLII GIVEN 

90 100 

FIO, 1. Number of Artemia salina nauplii consumed and percentage consumption in relation to 
density of nauplii by the phyllosoma larvae of Panulirus homarus. 
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FIO. 2. Moulting frequency of phyllosoma larvae of Pmulirus homarus in relation to density of 
food (/4r/emfti *«//«« BsupliO, 
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respectively. Starvation and shortage of food 
resulting in reduced moulting frequency was 
reported in larvae of the American lobster 
Homarus americanus also by Carlbsrg and Van 
01st (1976). Moulting frequency in P. homarus 
larvae increased from an average of 2.5 when 5 
Artemia nauplii were offered daily to 5 at a 
ration of 60 nauplii (Fig. 2) indicating that 
food availability influences moulting frequency. 
The same phenomenon has bsen observed in the 
phyllosoma larvae of Panulirm japonicus by 
Saisho (1966). He was able to shorten the 
intermoult period of the first three stages of the 
phyllosoma of P. japonicus by increasing brine 
shrimp nauplii from 3-5 to 30-40 per ml. 
Increase in food density from 60 nauplii to 
100 eventhough resulted in more consumption 
did not increase moulting frequency in P. 
homarus larvae. Maximum consumption, there
fore, does not indicate maximum growth in 
phyllosoma larvae of P. homarus. 

Inoe (1965) suggested that the phyllosoma 
larvae of P. japonicus can be cultured by main
taining 4 brine shrimp nauphi per ml of water, 

but size of the food should be altered with 
stage of phyllosoma. Our study indicates that 
a density of 1 freshly hatched Artemia salina 
nauplius per ml of water is optimum for 
culturing phyllosoma larvae of P. homarus 
individually since maximum moulting fre
quency could be attained at a ration of 60 
nauplii/60ml of water per day in our experiment. 
Under this ration the larvae cons\imed at an 
average 21.6 nauphi per day. By offering 
1.25 freshly hatched Artemia salina nauplii per 
ml to phyllosoma larvae cultured in groups of 
three, Radhakrishnan and Vijayakumaran 
(1986) obtained growth rates comparable to 
the maximum reported here. In their study 
the larvae consumed only 15.1 + 0.94 nauplii 
per day to give this growth rate, indicating that 
when cultiired in groups the larvae consume 
less and give maximum growth rate. 

Total mmiber of moults, the number of days 
required for each moult and the developmental 
stage attained by the larvae at the end of the 
experiment are presented in Table 1. With 
increase in ration from 5 to 60 nauplii per day 

TABLE 1. Total number of moults, number of days required for each moult and the developmental 
stage attained after 37 days by II stage phyllosoma larvae Panulirus homarus under varying 
ration of Artemia salina nauplii (The larvae took 8 days to reach II stage after one moult) 

Moult 
Number of days taken under different ration of nauplii 

0/day 1/day 5/day 10/day 20/day 40/day 60/day 80/day 100/day 

I 

II 

III 

IV 

V 

8.5 

13.5 

8 

— 
—. 

7 

8 

15 

— 

7 

5.5 

8.5 

12 

— 

6 

7 

5 

10 

— 

6 

5 

6 

9 

7 

6 

5 

6 

8 

8 

6.5 

5.5 

6 

8.5 

7.5 

Stage attained Died after Died after 
after 37 days, 14 17 
by the larvae days days 

IIIc IIIc IIIC& 
IV a 

IV b Va Va Va 
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intermoult period decreased from 8.5 to 6 
days between the first and second moults; 
from 13.5 to 5 days bstween the second and 
third moults ; from 15 to 6 days between third 
and fourth moults and from 12 to 8 days 
between fourth and fifth moults. The reduc
tion in intermoult period with increase in 
density of food suggests that moulting is con
trolled by the nutritional status of the laivae. 
Individuals receiving lower rations were only 
in III c stage or in IV a stage at the end of the 
experiment (37th day), whereas those receiving 
higher rations reached V a stage (Table 1). 
It is observed that at food densities of more 
than 40 nauplii/60 ml III stage larvae reached 
IV stage after only two moults, skipping an 
intermediary moult. At densities lower to 
this, the larvae required three moults from 
III to IV stage. Density of food therefore is 
correlated with speedy development by skipping 

some of the stages. This finding is supported 
by the observations of other workers also. 
Carlb3rg and Van Olst (1976) opined that in 
palinurids increased number of larval stages 
can result from lack of food essential for 
growth. Robertson (1968) is of the view that 
other things bsing equal a well fed larva will be 
further advanced in the next stage than a 
poorly fed one. 

The study was concluded after 37 days since 
larvae started dying. Slight reduction in feeding 
was observed towards the end of the experi
ment. Many workers (Robertson, 1968; 
Dexter, 1972) have attributed the reduction 
in feeding in late larval stages of pahnurids to 
changing nutritional reqtiirements of the 
larvae. Rearing of palinurid larvae can be 
carried out with success only if we aie able 
to find out suitable feeds for different larval 
stages. 

R E F E R E N C E S 

AIKEN, D . E . 1977. Moulting and growth in decapod 
crustaceans with particular reference to the lobster 
Homarus americanus. I n : B. F. Philips and J. S. 
Cobb (Ed.) Workshop on Lobster and Rock Lobster 
Ecology and Physiology. Division of Fisheries and 
Oceanography. Circular No. 7, CSIRO, Australia. 

CARLBERG, J. M. AND J. C. VAN OLST 1976. Brine 
shrimp {Artemia salina) consumption by the larval 
stages of the American lobster {Homarus americanus) 
in relation to food density and water temperature. 
Proc. 1th Ann. Meet. World Maricult. Soc, 15 pp. 

DEXTER, DEBORAH, M . 1972. Moulting and growth 
in laboratory reared phyllosomas of the California spiny 
lobster Panulirus interruptus. Calif. Fish and Game, 
58(2) : 107-115. 
d f •• *'• 

INGE, M . 1965. On the relation of amount of food 
taken to the density and size of food and water tempe
rature in rearing the phyllosoma of the Japanese spiny 
lobster Panulirus japonicus (V. Siebold) (In Japanese, 
with English abstract, tables, legends). Bull. Jap. Soc. 
Sci. Fish., 31 (11): 902-906. 

JOHNSON, M . N . AND M . KNIGHT 1966. Phyllosoma 
larvae of the spiny lobster Panulirus inflatus (Bouvier) 
Crustaceana, 10 : 31-47. 

MITCHEL, J, R. 1971. Food preference, feeding 
mechanisms and related behaviour in phyllosoma larvae 
of the California spiny lobster Panulirus interruptus 
(Randall). Master Thesis, San Diego State College. 

R A D H A K R I S H N A N , E . V . AND M. VlJAYAKUMARAN 
1986. Observations on the feeding and moulting of 
phyllosoijia larvae of the spiny lobster Panulirus homa
rus (Linnaeus) under different light regimes. Proc. 
Symp. Coastal Aquaculture, MBAI, 4 : 1261-1266. 

ROBERTSON, PHILIP B . 1968. The complete larval 
development of the sand lobster Scyllarus americanus 
(Smith) (Dacapoda, Scyllaridae) in the laboratory with 
notes on larvae from the plankton. Bull. Mar. Sci., 
18(2): 294-342. 

SAISHO, T . 1966. Studies on phyllosoma larvae 
with reference to oceanographical conditions. (In 
Japanese with English abstract, tables and legends.) 
Mem. Fac. Fish. Kogoshima Univ., 15 :177-239. 


