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ABSTRACT

Several penaeid species present a “critical period" during development in culture which is
marked by high mortality of organisms. Studies have shown that larval and early postlarval stages
are characterized by this problem, whose causes are still unknown. In the quest to better unde rstand
this question, looking for high production levels, techniques previously used on studies of secondary
production can help as a valid tool. Nutritional and biochemical studies on the cultured shrimp and
the food supplied can determine the most important constituents for a successfull developmental
period. Quantitative aspects like ingestion and food conversion must also be considered.

The present paper describes and evaluates four different methods used in the study of
decapod crustacean development that can be applied to penaeid species: studies on elemental
and biochemical composition of the food provided to larvae and postlarvae; ingestion of shrimps
fed on live food; digestive enzyme activity, and elemental and biochemical composition of cultured
crganisms.

Literature data confirm the utility of these methods for penaeid developmental studies and
culture.

Keywords: Penaeid shrimp, culture, nutrition, biochemistry, ingestion,
development.

INTRODUCTION

Despite largely studied during the last two decades, larval and postlarval
development of penaeid shrimps in culture still presents "critical phases", which
are characterized by high mortality, specially in certain stages of the life cycle.
First, many authors considered zoea (Hudinaga, 1942; Mock and Neal, 1874),
while more recently the early postlarval period has been recognized by high
mortality of organisms (Rodriguez, 1976; Wickins, 1976; Bages and Sloane,
1981). ltis known that penaeid shrimp postlarvae exhibit many kinds of changes
during transition to postlarva. Their feeding habits uses to modify considerably
from planktonic to benthonic life (Gleason and Zimmerman, 1984; Gleason,
1986) and digestive anatomy and physiology also undergo significant changes
(Lovett and Felder, 1989; 1990a; 1990b: Abubakr and Jones, 1992). The study
of digestive enzyme activity during development in culture could be used to
verify if changes are related to food quality and availability orjustwith ontogeny.
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Furthermore, feed is a major expense in shrimp farming. It is in the order of
55% of total variable costs (Hardman ef al., 1991), a situation that leads to a
considerable interest in alternative diets, with lower costs, that keep high
productivity in culture (Sarac et al.,, 1993). Much has been done on the
composition of feeds employed in penaeid farming as well as on the nutritional
requirements of the species for diet compounds (see Akiyama ef al., 1992). On
the other hand, only few works (see Cruz-Ricque et al, 1989; Lim and
Hirayama, 1993; Le Vay et al., 1993; Rodriguez et al., 1994) examine the effect
of these feeds on the body composition of shrimps, their assimilation and the
importance of some body constituents for the animal to succeed at each stage
of development.

The present paper explain some techniques applied in a nutritional study:
digestive enzyme activity, feed and cultured organisms composition, and
ingestion quantification. Based on literature data, it discusses the use of these
analysis for a better understanding of feeding, survival, and growth of penaeids
in culture. In addition, some hypothesis about the digestive physiology of
shrimps are presented, and the utility of these methods as a tool for improving
rearing practices evaluated.

MATERIAL AND METHODS

Larvae and postlarvae of penaeids are generally acquired in shrimp farming
facilities or through breeding of ripe females caught in the natural environment.
A great number of cultured individuals are necessary for this kind of study due
to the amount of material involved in elemental, biochemical and enzymatic
analysis. The aim of these techniques is to study survival and growth of
cultivated organisms during development by means of analysis of body and
feed composition. It makes possible to compare the suitability of different diets
to production or to examine changes in organisms submitted to
quali-quantitative variations of diet.

Techniques

1) Digestive enzyme activity: Samples (fresh larvae or postlarvae) must be
kept at least at -20 °C before analysis. The homogenates (Sample+buffer) are
centrifuged, and the supernatant is collected for the following assays.

Amylase (Rick and Stegbauer, 1984). Samples of the supernatant are
incubated with 1% w/v starch solution in a phosphate buffer. Production of
reducing sugars is quantified colorimetrically following addition of
dinitrosalicylic acid reagent. A standard curve is prepared using maltose
solution instead of enzyme sample, and results are expressed as moles of
maltose equivalents released per minute.

Trypsin (Rick, 1984): Trypsin-like activity is determined using N - p -
toluenesulphonyl - L - argenine methyl ester (TAME) as substrate. The rate of
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hydrolisis of the substrate is recorded as increase in absorbance at 247 nm.
Activity is calculated and expressed in units of moles ofsubstrate cleaved per
minute, based on a extinction coefficient of 0.54 cm?. mol™! for the product of
reaction.

Cholinesterase (Ellman et al., 1961; Whittaker, 1984): Activity is determined
using 5-5' - diothio - bis (2 - nitrobenzoic acid) (DTNB) as substrate. The rate
of hydrolisis of the substrate is measured s fectrophotometncally at 410 nm.
Based on a extinction coefficient of 1.36 cm*“.mol™" for the product of reaction,
calculation is as for trypsin.

Total activity can be divided either by the number of larvae in the sample to
give activity per individual, or by protein content to give specific activity.

Lovett and Felder (1990a) presented a good review on enzymes and
substrates tested on penaeid shrimps. More details on the analytical routine
are described by Le Vay et al. (1993) and Rodriguez et al. (1994).

2) Elemental and biochemical composition of feed and cultured shrimps (all
samples must be dry matter):

Elemental composition (C, N, H): Most studies are carried out by using an
elemental analyzer (for example: Carlo Erba 1106, with cyclohexane 2,4 -
dinitrophenylhydrozone as standard) and results are expressed as percentage
of each element. Through sample dry weight it is possible to estimate the
relative amounts of carbon, nitrogen and hydrogen. The energetic content can
be obtained by multiplying carbohydrate, protein and lipid contents by 17.14,
23.42, 39.31 J, respectively (Winberg, 1971) or simply estimated from carbon
content (Salonen et al., 1976).

Biochemical composition: Sample composition is determined by following
the dye binding method (Kochert, 1978a) for proteins, and the phenol-sulphuric
acid method for carbohydrates contents (Kochert, 1978b). Lipid content can be
quantified by the gravimetric method of Folch et al. (1937).

3) Ingestion: Larvae and postlarvae can be fed on live food (i. e., microalgae,
rotifers and Artemia sp.) in order to determine the ingestion rate, survival and
weight gain (dry matter). This study can also compare the efficacy of different
kinds of food provided to shrimps. The incubation method is a reliable
technique, where predators (shrimps) are confined in a container and
measurements of the change in prey concentration are registered after a certain
period of incubation time. The experimental procedure may follow previous
works as Paffenhofer (1971), Emmerson (1880, 1984), Yufera et al. (1984) and
Loya-Javellana (1989). When studying ingestion on microalgae it becomes
crucial to determine algal growth rates, and some artifices to diminish sources
of errors in these experiments were described by Saiz (1993).
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RESULTS

The techniques described above have been generally applied in studies that
are not necessarily related with aquaculture. The results presented here are a
compilation of works on many crustacean genera, in order to describe
physiological and behavioural changes during their development.

A synthesis of many works on enzyme activity through the development of
penaeid shrimps in culture is shown in Table 1. With the exception of Penaeus
setiferus (Lovett and Felder, 1990a), other studies refer to Penaeus japonicus
(Laubier-Bonichon et al., 1977; Galgani et al., 1985; Le Vay ef al., 1993;
Rodriguez et al., 1994). These results show that there seems to be no pattern
of activity for a same species through its development, despite its similar diet
in culture (see Laubier-Bonichon et al., 1977; Rodriguez et al., 1994). They also
show that activity peaks generally occur at larval stages, specially zoea
(Galganietal., 1985; Lovett and Felder, 1990a; Le Vay et al., 1993), decreasing
towards the first postlarvae. Through postlarval development, activity tends to
be low with the exception of amylase in Penaeus setiferus (Lovett and Felder,
1990a).

Studies on elemental and biochemical composition and energy content of
penaeid shrimps in culture are still scarce. Results for many crustacean species
are presented in Table 2. Notwithstanding the great variety of genera
presented, it is possible to identify defined patterns for some constituents.
Energy content tends to decrease during ecdysis and towards the postlarval
phase. The same pattern is valid for C:N ratio which tends to increase in post
moult and decrease in pre moult. Although registered by a single study (see
Anger, 1987), lipid and protein contents also decrease during the moult cycle.
The changes in body constituents among these species show the former are
consumed towards ecdysis.

The ingestion rate, at least during larval development of shrimps, varies in
accordance with food availability. The relationship between these topics for
many shrimp species in culture is shown in Table 3. In the majority of studies,
ingestion rate is limited above a certain concentration of food (asymptotic
relationship). On the other hand, many penaeids (P. marginatus and P.
kerathurus) do not present this limitation, ingestion being a direct function of
food availability (linear relationship). This fact shows that differences in
ingestion behaviour occur between species from a same generus (Penaeus).

DISCUSSION

Patterns of digestive enzyme activity in penaeids and other crustaceans
through development have been explained by ontogenetic and dietary
hypothesis. Many authors (see: Samain et al., 1980; Lovett and Felder, 1990a)
consider that changes in enzyme activity depend only on ontogenetic changes
of digestive apparatus of the organisms. In penaeids, the decrease in activity
after metamorphosis to postlarva may be due to the degeneration of the larval
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digestive system (specially the anterior midgut diverticulum) in the transition
from planktonic to benthonic habits (Lovett and Felder, 1989). In this phase,
the retention time of food in the gut is short, and the digestive system is not
totally transformed and functional if compared to a 4-5 week postlarvae, which
presents a markedly higher activity (Lovett and Felder, 1989; 1990a). The
metabolic activity also decreases in early postlarvae (Laubier-Bonichon et al.,
1977) what is believed to be the "critical point" of development (Rodriguez,
1976:; Wickins, 1976; Bages and Sloane, 1981). In wild populations, a more
substantial carnivorous feeding occurs in late postlarvae, PL2s-35 (Hudinaga,
1969: Gleason and Zimmerman, 1984), while in culture organisms are able to
survive to postlarva feeding only on microalgae (Rodriguez et al., 1994).

Changes in digestive physiology can also be related to quali-quantitative
aspects of culture. Certain studies try to establish a relationship between
variations in enzyme activity and changes in nutritional requirements of
shrimps, aiming to determine a suitable diet for each phase of rearing (Van
Wormhoudt, 1973; Laubier-Bonichon et al., 1977; Lee and Lawrence, 1985).
Thus, the increase in activity of a digestive enzyme could maximize the
utilization of a scarce componentin the diet (Hernandorena, 1982; Hofer, 1982;
Harris et al., 1986). Else, Le Vay et al. (1993) and Rodriguez et al. (1994)
pointed out that the supply of microalgae during all larval stages could cause
a stimulation of enzyme secretion and a better use of the food offered (e.g.
Artemia, rotifers, artificial feed), with algae having a "beneficial influence" on
food assimilation. On the other hand, the amount of food provided and the
enzyme activity can show positive (Boucher and Samain, 1974; Mayzaud and
Poulet, 1978), negative (Cox and Willason, 1881; Moal ef al., 1981; Hirche,
1989) or no correlation (Head and Conover, 1983; Head ef al., 1984), which
are questions still not totally understood. Special attention must be payed to
these correlations in the study of the effect of diet in enzyme activity and
assimilation.

The validity of these studies and hypothesis depends on the fact that
enzyme activity may be studied on constant nutritional and physiological state
of the cultured organisms. The stage of molt cycle, nutritional status, sexual
condition, season, and ontogenetic stage affect the body composition of
shrimps (Cuzon et al., 1980; Pascual et al., 1983; Lee et al., 1984; Vogt et al.,
1985; Mourente et al., 1990: Mourente and Rodriguez, 1991). As the majority
of enzyme activity representations are based on body composition (i.e., IU/mg
of Dry Weight or IU/mg of Total Protein), changes in activity are necessarily
related to the factors cited above (Van Wormhoudt ef al., 1980; Barclay et al.,
1983: Lee et al., 1984; Lovett and Felder, 1990a) what must be considered for
any final conclusion.

The bulk of publications about body composition of decapod crustaceans
in culture deal with genera other than penaeids (Hyas araneus: Anger et al.,
1983; Anger, 1987; Harms et al., 1991. Inachus dorsettensis: Anger, 1988.
Pagurus bernhardus: Dawirs, 1980. Carcinus maenas: Dawirs, 1980; 1987,
Dawirs et al., 1986. Tisbe holothuriae: Zhang and Uhlig, 1993; see also Table
2). In these studies, changes in C:N ratio, protein, lipid and energy contents
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are analysed so that patterns of development in the organisms which varies
according to culture conditions (temperature, salinity and diet), can be
determined. The use of these parameters throughout a moult cycle, for
example, allows to identify which are the most important body constituents for
the animal to succeed at each stage of development (Anger et al., 1983). When
these requirements are associated with absortion, retention and conversion of
dietary nutrients, the nutritional status of the organism can be understood
integrally, and better culture conditions can be established. In this kind of
experiment, survival rate may be a useful indicator of shrimps’ condition.
Energy content can also be employed as a feed condition index while explains
if energy balance is positive or negative. This parameter can be used to verify
the suitability of a certain diet or the effect of culture conditions, as for example,
temperature (see: Anger, 1987).

Besides the qualitative aspects of penaeid nutrition, the correct
quantification of ingested food is also important for a satisfactory development
of shrimp in culture. Many rearing facilities still adopt feeding protocols largely
based just on empirical observations in tanks and survival, but these do not
always reflect the actual needs of the organisms (Loya-Javellana, 1989). Else,
under excessive feeding, live food would not only compete with shrimp for
dissolved oxigen, but also add metabolic wastes to the culture facility (Chu and
Shing, 1986). The studies about ingestion of shrimps on live food show that it
is mainly conditioned by food availability (see Table 3). Furthermore, in
determining the optimal qualitative aspects of the diet, it is important to consider
the amount of food caught and its efficiency. Studies on ingestion of penaeids
submitted to increasing concentrations of food make it possible to recognize
the incipient limiting level (ILL), defined as the lowest food density to provide
maximum ingestion rates (McMahon and Rigier, 1963), another important
information to set optimal culture conditions.

Since 1985, shrimp catches reduced drastically in Brazil (FAO, 1994). As
alternatives to enhance production, pond cultivation and releasing programmes
showed sactisfactory results in many countries (Kittaka, 1981; Lester, 1992).
However, studies on the performance of Brazilian native species in culture are
not abundant despite their importance for the purposes cited above. Thus, the
technigues here presented could be useful instruments in the quest to produce
postlarvae of shrimp under controlled conditions.

ACKNOWLEGEMENTS

Thanks are extended to E. Aidar, S. Gonzalez, D. Mentz and D. Falla for
assistance in this paper. Mrs. H. Collins kindly improved the language. This
work was supported by a grant from Instituto de Cooperacion Iberoamericana
to D. Lemos.



NAUPLIUS, Rio Grande, 3: 1-14, 1995,

REFERENCES

ABUBAKR, M.A. & D.A. JONES. 1992. Functional morphology and
ultrastructure of the anterior mid-gut diverticulae of larvae of Penaeus
monodon Fabricius, 1798 (Decapoda, Natantia). Crustaceana 62(2):
142-158.

AKIYAMA. D. M., W. G. DOMINY & A. L. LAWRENCE. 1992. Penaeid shrimp
nutrition. /n: Fast, A. W. & Lester, L. J., (Eds). Marine shrimp culture:
principles and practices. Amsterdam, Elsevier. pp. 535-568.

ANGER, K., N. LAASCH, C. PUSCHEL & F. SCHORN. 1983. Changes in
biomass and chemical composition of spider crab (Hyas araneus) larvae
reared in the laboratory. Mar.Ecol.Prog.Ser. 12: 91-101.

ANGER, K. 1987. Energetics of spider crab Hyas araneus megalopa in relation
to temperature and the moult cycle. Mar.Ecol.Prog.Ser. 36: 115-122.

ANGER, K. 1988. Growth and elemental composition (C, N, H) in Inachus
dorsettensis (Decapoda: Majidae) larvae reared in the laboratory. Mar. Biol.
99: 255-260.

BAGES, M. & L. SLOANE. 1981. Effects of dietary protein and starch levels on
growth and survival of Penaeus monodon (Fabricius) post-larvae.
Aquaculture 25: 117-128.

BARCLAY, M.C., W. DALL & D.M. SMITH. 1983. Changes in lipid and protein
during starvation and the moulting cycle in the tiger prawn, Penaeus
esculentus Haswell. J.Exp.Mar.Biol.Ecol. 68: 229-244.

BOUCHER. J. & J.F. SAMAIN. 1974. L’activité amylasique induce de la
nutrition du zooplankton; mise en évidence dun rythme quotidien en zone
d’upwelling. Tethys 6: 170-188.

CHU, K.H. & C.K. SHING. 1986. Feeding behaviour of the shrimp,
Metapenaeus ensis, on Artemia nauplii. Aquaculture 58:175-184.

COX, J.L. & S.W. WILLASON. 1981. Laminarinase induction in Calanus
pacificus. Mar.Biol.Lett. 2: 307-311.

CRUZ-RIQUE. L.E., J. GUILLAUME & A. VAN WORMHOUDT. 1989. Effect of
squid extracts on time course appearance of glucose and free amino acids
in haemolymph in Penaeus japonicus after feeding: preliminary results.
Aquaculture 76: 57-65.

CUZON, G., C. CAHU, JF. ALDRIN, J.L. MESSAGER, G. STEPHAN & M.
MEVEL. 1980. Starvation effect on metabolism of Penaeus japonicus.
Proc. World Mariculture Soc. 11: 410-423.

DAWIRS, R.R. 1980. Elemental composition (C, N, H) in larval and crab-1
stages of Pagurus bernhardus (Decapoda, Paguridae) and Carcinus
maenas (Decapoda, Portunidae). Mar. Biol. 57: 17-23.



LEMOS & RODRIGUEZ: Nutritional and Biochemical aspects...

DAWIRS, R.R., C. PUSCHEL & F. SCHORN. 1988. Temperature and growth
in Carcinus maenas L. (Decapoda: Portunidae) larvae reared in the
laboratory from hatching through metamorphosis. J. Exp. Mar. Biol. Ecol.
100: 47-74.

DAWIRS, R.R. 1987. Influence of limited starvation periods on growth and
elemental composition (C, N, H) of Carcinus maenas (Decapoda:
Portunidae) larvae reared in the laboratory. Mar. Biol. 93: 543-549.

ELLMAN, G.L., K.D. COURTNEY, V. ANDRES Jr. & R.M. FEATHERSTONE.
1861. A new and rapid colorimetric determination of acetylcholinesterase
activity. Biochem. Pharmacol. 7: 88-95.

EMMERSON, W. D. 1980. Ingestion, growth and development of Penaeus
indicus larvae as a function of Thalassiosira weissflogii cell concentration.
Mar. Biol., 58: 65-73.

EMMERSON, W. D. 1984. Predation and energetics of Penaeus indicus
(Decapoda: Penaeidae) larvae feeding Brachionus plicatilis and Artemia
nauplii. Aquaculture, 38: 201-208.

FAO, 1994. FAQ fishery statistics (commodities), Vol. 75. Rome, FAO. 436 pp.

FOLCH, J., M. LEES, GH.S. SLOANE-STANLEY. 1957. A simple method for
the isolation and purification of total lipids from animal tissues. J.Biol. Chem.
226: 492-509.

GALGANI, F., Y. BENYAMIN & H.J. CECCALDI. 1985. Etude de Ia trypsine
des crustaces pénéides. Coll fr.japon.Océanogr., Marseille 16-21 Sept. 85
(8): 139-148,

GLEASON, D. F. 1986. Utilization of salt marsh plants by postlarval brown
shrimp: carbon assimilation rates and food preferences. Mar. Ecol. Prog.
Ser. 31: 151-158.

GLEASON, D.F. &R. J. ZIMMERMAN. 15884 Herbivory potential of postlarval
brown shrimp associated with salt marshes. J.Exp.Mar.Biol.Ecol. 84:
235-248,

GOPALAKRISHNAN, K. 1976. Larval rearing of red shrimp, Penaeus
marginatus (Crustacea). Aquaculture 9: 145-154.

HARDMAN, J.R., R. TREADWELL & G. McGUIRE. 1991. Prawn farming in
Australia: Industry structure and economic considerations. QDP| Report,
Department of Primary Industries. Brisbane, Q1910.40.

HARMS, J., K. ANGER, S.KLAUS & B. SEEGER, 1991. Nutritional effects on
ingestion rate, growth, and biochemical compasition of Hyas araneus L.
(Decapoda: Majidae) larvae. J. Exp. Mar. Biol.Ecol.145: 233-265.

HARRIS, R.P., J.F. SAMAIN, J. MOAL, MARTIN-JEZEQUEL & S.A. POULET.
1986. Effects of algal diet on digestive enzyme activity in Calanus
helgolandicus. Mar. Biol. 90: 353-361.



NAUPLIUS, Rio Grande, 3: 1-14, 1995,

HEAD, E.J.H. & R.J. CONOVER. 1983. Induction of digestive enzimes in
Calanus hyperboreus. Mar. Biol. Lett. 4: 218-231.

HEAD, E.J.H.,, R. WANG & R.J. CONOVER. 1984. Comparison of diurnal
feeding rhythms in Temora longicornis and Centropages hamatus with
digestive enzyme activity. J. Plankton Res. 6: 543-551.

HERNANDORENA, A. 1982. Artemia nutrition /n: Proccedings of the Second
International Conference on Aquaculture Nutrition: Biochemical and
Physiological Approaches to Shellfish Nutrition. Pruder, G.D., Langdon,
C.J. & Conklin, D.E. (Eds.), Louisiana State University, Division of
Continuing Education, Baton Rouge.

HIRCHE, H.J. 1989. Spatial distribution of digestive enzyme activity of Calanus
finmarchicus and C. hyperboreus in Fram Strait/Greenland Sea. J. Plankton
Res. 11: 431-443.

HOFER, R. 1982. Protein digestion and proteolytic activity in the digestive tract
of an omnivorous cyprinid. Comp. Biochem. Physiol. 72A: 55-63.

HUDINAGA, M. 1942. Reproduction, development and rearing of Penaeus
japonicus Bate. Jap. J. Zool. 10: 305-393.

HUDINAGA, M. 1969. Kuruma shrimp (Penaeus japonicus) cultivation in
Japan. FAO Fish. Rep. 57: 811-821.

KOCHERT, G. 1978a. Protein determination by die binding. /n: Handbook of
physiological and biochemical methods. Hellebust, J. A. & Craigie, J.S.
(Eds.). Cambridge Univ. Press, London.

KOCHERT, G. 1978b. Carbohydrate determination by phenol sulfuric acid
method. in: Handbook of physiological and biochemical methods.
Hellebust, J. A. & Craigie, J.S. (Eds.). Cambridge Univ. Press, London.

KITTAKA, J. 1981. Large scale production of shrimp for releasing in Japan and
in the United States and the results of the releasing programme at Panama
City, Florida. Kuwait Bull. mar. Sci., 2: 149-163.

LAUBIER-BONICHON, A., A. VAN WORMHOUDT & D. SELLOS. 1977.
Croissance larvaire controlee de Penaeus japonicus Bate: enzymes
digestives et changements de regimes alimentaires. Act. Coll. CNEXO, 4:
131-145.

LEE, P.G.,, L.L. SMITH & A.L. LAWRENCE. 1984. Digestive proteases of
Penaeus vannamei Boone: relationship between enzyme activity, size and
diet. Aquaculture 42: 225-239.

LEE, P.G. & A.L. LAWRENCE. 1985. Effects of diet and size on growth, feed
digestibility and digestive enzyme activities of the marine shrimp, Penaeus
setiferus Linnaeus. J. World Mariculture Soc. 16: 275-287.



LEMOS & RODRIGUEZ: Nutritional and Biochemical aspects...

LEGER, P.. D.A. BENGSTON, P. SORGELOOS, K.L. SIMPSON & AD.
BECK. 1987. The nutritional value of Artemia : a review: p. 357-372. In :
Sorgeloos, P., Bengston, D.A., Decleir, W. & Jaspers, E. (Eds.), Artemia
research and its applications. Vol. 3, Ecology, Culturing, Use in
Aquaculture. Universa Press, Wetteren, Belgium, 556 pp.

LESTER, L.J. 1992. Overview of shrimp farming in the western hemisphere.
In: Fast, AW. & Lester, L.J., (Eds.). Marine shrimp culture: principles and
practices. Amsterdam, Elsevier. p.771-782.

LE VAY, L., A. RODRIGUEZ, M.S. KAMARUDIN & D.A. JONES. 1993.
Influence of live and artificial diets on tissue composition and trypsin activity
in Penaeus japonicus larvae. Aquaculture, 118: 287-297.

LIM. B.K. & K. HIRAYAMA. 1993. Growth and elemental composition (C, N, P)
during early larval stages of mass cultured kuruma prawn. Nippon Suisan
Gakkaishi 59(2): 237-243.

LOVETT,D. L. &D. L. FELDER. 1989. Ontogeny of gut morphology in the white
shrimp Penaeus setiferus (Decapoda, Penaeidae). J. Morphol. 201:
253-272.

LOVETT, D.L. & D.L. FELDER. 1990a. Ontogenetic change in digestive
enzyme activity of larval and postlarval white shrimp Penaeus setiferus
(Crustacea, Decapoda, Penaeidae). Biol. Bull. mar. biol. Lab., Woods Hole
178 (2): 144-159.

LOVETT, D.L. & D.L. FELDER. 1980b. Ontogeny of kinematics in the gut of
the white shrimp Penaeus setiferus (Decapoda, Penaeidae). J. Crustacean
Biol. 10: 53-68.

LOYA-JAVELLANA, G.N. 1989. Ingestion saturation and growth responses of
Penaeus monodon larvae to food density. Aquaculture 81: 329-336.

MATHAVAN. S.. S. MURUGADASS & M.P. MARIAN. 1986. Ontogenetic
changes in the composition and energy budget of Macrobrachium
malcomsonii, p. 647-650. In: J.L. Maclean, L.B. Dizon & L.V. Hosillos
(Eds.). The First Asian Fisheries Forum. Asian Fisheries Society, Manila,
Philippines.

MAYZAUD, P. & S.A. POULET. 1978. The importance of the time factorin the
response of zooplankton to varying concentrations of naturally occurring
particulate matter. Limnol. Oceanogr., 23: 1144-1154.

McMAHON, J.W. & F.H. RIGLER. 1963. Mechanisms regulating the feeding
rate of Daphnia magna Straus. Can. J. Zool. 41: 603-611.

MOAL. J.. J.F. SAMAIN, J.R. LE COZ & J.Y. DANIEL. 1981. Relations entre la
composition chimique du seston et I'équipement enzymatique digestif du
zooplankton au cours du cycle saisonnier. Oceanis 7: 633-646.

10



NAUPLIUS, Rio Grande, 3: 1-14, 1995.

MOCK, C.R. & R.A. NEAL. 1974. Penaeid shrimp hatchery system.
FAO/CARPAS Symposium on Aquaculture in Latin America. Montevideo,
Uruguay, 26 november - 2 december, 9p.

MOURENTE, G., M.P. PEREIRO & A. RODRIGUEZ. 1990. Total lipid, polar
lipid and neutral lipid fatty acid content in muscle, hepatopancreas and
ovary of Penaeus kerathurus before and after spawning. Aquatic Living
Resour. 3 (3): 243-250.

MOURENTE, G. & A. RODRIGUEZ. 1991. Variation in the lipid content of
wild-caught females of the marine shrimp Penaeus kerathurus during
sexual maturation. Mar.Biol. 110 (1): 21-28.

PAFFENHOFER, G. A. 1971. Grazing and ingestion rates of naupli,
copepodids and adults of the marine planktonic copepod Calanus
helgolandicus. Mar. Biol., 11: 286-298.

PASCUAL, F.P., R.M. COLOSO & C.T. TAMSE. 1983. Survival and some
histological changes in Penaeus monodon Fabricius juveniles fed various
carbohydrates. Aquaculture 31: 169-180.

RICK, W. 1984. Trypsin: measurement with N-toluenesulfonyl-L-arginine
methyl ester as substrate. In. Bergmeyer, H. U., ed. Methods of enzymatic
analysis, Vol. 2, 2nd Edition. New York, Academic Press. p. 1021-1024.

RICK, W. & H.P. STEGBAUER. 1984. - Amylase; measurement of reducing
groups. In: Bergmeyer, H. U., ed. Methods of enzymatic analysis, Vol. 2,
2nd Edition. New York, Academic Press. p. 1021-1024.

RODRIGUEZ, A. 1976. Experiences de ponte et d'eélevage de larves et
post-larves de crevettes Penaeus kerathurus (Forskal, 1775). Gen. Fish.
Counc. Mediterr. Stud. Rev. 55: 49-62.

RODRIGUEZ, A., L. LE VAY, G. MOURENTE & D.A. JONES. 1994.
Biochemical composition and digestive enzyme activity in larvae and
postlarvae of Penaeus japonicus during herbivorous and carnivorous
feeding. Mar. Biol. 118: 45-51.

SAIZ, E. 1993. Sources of variability in zooplankton feeding experiments: the
importance of accurate determination of algal growth rates. Sci. Mar. 57
(1): 23-29.

SALONEN, K., J. SARVALA, I. HAKALA & M.L. VILJANEN, 1976. The relation

of energy and organic carbon in aquatic invertebrates. Limnol.Oceanogr.
21:. 724-730.

SAMAIN, J.F., J. MOAL, J.Y. DANIEL, J.R. LE COZ & M. JEZEQUEL. 1980.
The digestive enzymes amylase and trypsin during the development of
Artemia. In: The brine shrimp Artemia, vol. 2. Physiology, biochemistry and
molecular biology, Persoone, G., Sorgeloos, P., Roels, O. & Jaspers, E.
(Eds.). Universa Press, Wetteren, Belgium.

"



LEMOS & RODRIGUEZ: Nutritional and Biochemical aspects...

SARAC, Z., H. THAGGARD, J. SAUNDERS, M. GRAVEL, A. NEILL & R.T.
COWAN. 1993. Observations on the chemical composition of some
commercial prawn feeds and associated growth responses in Penaeus
monodon. Aquaculture 115; 97-110.

VAN WORMHOUDT, A. 1973. Variations des protéases, des amylases et des
protéines soluble au cours du développement larvaire chez Palaemon
serratus. Mar.Biol. 19: 245-248.

VAN WORMHOUDT, A., H.J. CECCLADI & B. MARTIN. 1980. Adaptation de
la teneur en enzymes digestives de I'hepatopancreas de Palaemon
serratus (Crustacea, Decapoda), a la composition d’aliments
experimentaux. Aquaculture 21: 63-78.

VOGT, G., V. STORCH, E.T. QUINTIO & F.P. PASCUAL. 1985. Midgut gland
as monitor organ for the nutritional value of diets in Penaeus monodon
(Decapoda). Aquaculture 48: 1-12.

WHITTAKER, M. 1984. Cholinesterase. /n: Bergmeyer, H.U., ed. Methods of
enzymatic analysis, Vol. 2, 2nd Edition. New York, Academic Press. p.
63-74.

WICKINS, J.F. 1876. Prawn biology and culture. Ann. Rev. Oceanogr. Mar.
Biol. 14: 435-507.

WINBERG, G.C. 1971. Methods for estimation of production of aguatic animals.
London, Academic Press.

YUFERA, M., A. RODRIGUEZ & L. M. LUBIAN. 1984. Zooplankton ingestion
and feeding behaviour of Penaeus kerathurus larvae reared in the
laboratory. Aquaculture, 42: 217-224.

YUFERA, M. & A. RODRIGUEZ. 1985a. Tasas de alimentacién y crecimiento
de Palaemonetes varians (Crustacea: Palaemonidae) durante el desarrollo
larvario. Inv, Pesq. 49 (4): 597-608.

YUFERA, M. & A. RODRIGUEZ. 1985b. Effect of prey density on feeding rates
during larval rearing of Palaemon serratus Pennant (Crustacea:
Palaemonidae). Aquaculture 50: 31-38.

ZHANG, Q. & G. UHLIG. 1993. Dry weight and chemical composition (CHN)
in relation to population density of cultivated Tisbe holothuriae (Copepoda,
Harpacticoida). Helgolander Meeresunters. 47: 221-227.

12



NAUPLIUS, Rio Grande, 3: 1-14, 1995,

Table 1. Some studies on digestive enzyme activity through the development of penaeid shrimps.

Species Remarks Reference

Penaeus japonicus Amylase and trypsin aclivities rise  Laubier-Bonichon et al., 1977.
in Z1, reaching their maximum in
M1 and decreasing towards PL1.
Posilarval period: amylase shows
a slight enhancement "ill PL20
while trypsin keeps low. Diet:
microalgae, rotifers, Arfemia
nauplii and mussel.

Penaeus japonicus Trypsin activity begins in N8, Galgani ef al., 1985.
reaching the peak in Z2 and
decreasing to half 'till PL1.

Penaeus setiferis Trypsin aclivity grows in Z1, Lovett and Felder, 1990a.
reaching its maximum in Z3 and
decline towards PL1. Until PL140,
activity shows little increase.
Amylase begins in N5, reaching its
peak in M2 and diminishing
towards PL1. From PL1 to PL140,
activily increases gradually. Diet:
microalgae and Arternia nauplii.

Penaeus japonicus Trypsin activity keeps high from2Z3 Le Vay ef al,, 1893.
to PL1'with a diet of artificial feed
and Chaetoceros gracilis
{microalga)

Penaeus japonicus Trypsin rises in M1, reaching its Rodriguez et al., 1994.
maximum in M3 and decreasing
towards PL1. Amylase reach the
peak in Z3. Shrimps were fed on
Artermia nauplii and Chaeloceros
gracilis (microalga)

Note: N - nauplius, Z - zoea, M - mysis and PL - postiarvae.
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Table 2. Changes in energy (J/mg of dry weight) E, protein (%) and lipid (%) contents, and C:N
ratio for some crustaceans in culture.

Species

Macrobrachium
malcomsonif
{egg to larvae)

Hyas araneus
(megalopa)

Carcinus
maenas (zoea |
under starvation)

Arternia (Instars
I to )

inachus
dorsattensis
(zoea to mega-

lopa)

Fenacus
faponicus (post-
larvae 1to 16)

decrease

decrease

decrease

decrease

decrease after
ecdysis and
increase in
intermaolt.

C:N

high through the
half of the stage
and decrease

towards ecdysis.

rises during the
four first days
and decrease

towards ecdysis.

high through the
half of the
stage, low in the
pre and post
ecdysis.

decrease

Proteins Lipids Reference
Mathavan et af.,
1986

decrease decrease Anger, 1987.

Dawirs, 1887.

Legeretal,
1987.

Anger, 1988.

Lim and
Hirayama, 1993.

Table 3. Relaticnship betweeningestion rate and live food density for some larval shrimpsin culture.

Species

Penaeus marginatus

Penaeus indicus

Penaeus kerathurus

Palaemaonetes varians

Palaemon serrattis

Metapenaeus ensis

Penaeus monodon
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Relationship

linear
asymptotic
linear
asymptotic
asymptotic
asymplotic

asymplotic

Reference

Gopalakrishnan, 1976.
Emmerson, 19880,

Yufera ef al., 1984.

Yufera and Rodriguez, 1985a.
Yufera and Rodriguez, 1985h.
Chu and Shing, 1986.
Loya-Javellana, 1989.



