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Abstract
In this paper, we review the current knowledge about the usage of carbohydrates, lipids and proteins as energy source by marine
crustaceans during starvation. Crustaceans are a large and diverse group including some economically important species. The efforts to
culture them for human consumption has prompted the interest to understand the preferences of energy sources to be applied for feed
formulation and cost reduction. Important differences have been found among species and appear to be related not only to the
biochemistry and physiology of nutrition, but also to the living environment of the crustaceans. Furthermore, crustaceans undergo
morphological, physiological and behavioral changes due to their natural growing process that affect their feeding habits, an aspect that
should be carefully considered. We discuss the current information on marine crustaceans about energy usage and describe areas of
future research, where starvation studies render important insights.
r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction
Crustaceans are one of the most numerous and diverse
group of non-insect arthropods. Most of the approximately
40,000 living species are marine, although some are found in
freshwater and terrestrial environments. Due to their great
diversity, crustaceans possess physiological and/or behavioral adaptation strategies to survive under a plethora of
conditions and these adaptations may be speciﬁc for the
species, feeding habits, gender, food availability and molting
cycle (Muhlia-Almazán and Garcı́a-Carreño, 2003). Comparative biochemistry in crustaceans has developed in recent
years due to the interest in aquaculture, but has taken many
initial hypotheses from the insect biochemistry ﬁeld. Insects
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are and will remain as a very useful model for biochemical
research, and precisely due to its evolutionary closeness,
crustacean biochemistry can take advantage of the available
insect knowledge (Law and Wells, 1989).
A common denominator in crustaceans is their constant
feeding activity (Cuzon et al., 2000). Furthermore, they
alternate episodes of feeding and fasting during development, which occurs through molting (ecdysis) and results in
growing by sequential steps. Increase in body size at each
ecdysis is non-linear; this is a hormonally controlled
process which might last days or weeks, is continuous
and accompanied by morphological, physiological, and
behavioral alterations occurring almost daily (Dall et al.,
1990). Molting in crustaceans involves a series of stages
with different feeding behavior and therefore, energy from
food available. During intermolt, they feed actively; prior
to molting, feeding declines until it stops completely
during molting. Finally, feeding begins again in postmolt
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when the animal has an exoskeleton rigid enough to
support the weight of the animal and handle food
(Phlippen et al., 2000).
The ability of an organism to survive and recover from
long periods of starvation is vital. Changes in food intake
during development may have important consequences for
life history (Brzek and Konarzewski, 2001) and although,
instantaneous ecological consequences of poor and spotty
nutrition are sometimes difﬁcult to distinguish, the
reproductive potential of any organism experiencing such
conditions may become reduced. Animals that experience
natural cycles of food intake may have interesting
adaptations for use and storage of energy sources.
Starvation can lead to a severe deﬁciency of nutrients.
Therefore, starvation studies may be useful predictors to
determine energetic and metabolic requirements (Guderley
et al., 2003). Since crustaceans experience starvation
periods during their growing process, artiﬁcially induced
fasting and starvation may shed some light on the
metabolic routes used—in hierarchical order—during molt
and may describe novel biochemical and physiological
adaptation mechanisms (Barclay et al., 1983). Furthermore, the knowledge derived from the understanding of
their biochemical processes may be basis to optimize
crustacean pond rearing efforts.
In this review, we focus on the data available concerning
the main energy reserves used by crustaceans during
starvation periods and the effects on the physiology of
these organisms. Most of the available knowledge is based
on studies of decapod crustaceans such as penaeids, crabs
and lobsters that are economically important crustacean
species.
2. Protein requirements
Proteins are critical for artiﬁcially reared crustaceans and
are an expensive component of feeds for decapod
crustaceans (Kureshy and Davis, 2000). Therefore, the
dietary protein quantity and composition should be
optimized to grant maximal growth (Shiau, 1998). Feed
protein contents between 30% and 57% (w/w) are
recommended for suitable growth for different species of
penaeid shrimp (Córdova-Murueta and Garcı́a-Carreño,
2002; Kureshy and Davis, 2000; Shiau, 1998). Differences
in protein content required to yield similar growth rates are
related to protein quality, age or physiological state of
crustaceans (D’Abramo and Sheen, 1994). In addition,
optimal dietary protein requirements can be inﬂuenced by
the environment. Juvenile Penaeus monodon shrimp reared
in seawater (40% protein) or 16 ppt brackish water (44%
protein) (Shiau and Chou, 1991) had different growth
rates. This can be due to differences in the use of dietary
protein as energy source or to an effect on protein
digestibility. Penaeus monodon acclimated to low salinity
excreted more ammonium-N than those acclimated at high
salinity, suggesting higher protein use under these conditions (Lei et al., 1989). Similarly, soybean digestibility was

lower in Penaeus monodon reared in brackish water (16 ppt)
compared to sea water, but this lower salinity did not
change the digestibility of casein and ﬁsh meal (Shiau et al.,
1992).
2.1. Protein utilization during starvation
The understanding of crustacean nutritional requirements has increased over the last few decades; however,
many gaps remain (Verri et al., 2001). Starvation studies
give indications of the energy resources utilized by
crustaceans under these conditions and provide clues to
the biochemical pathways involved in these processes.
Several decades ago, it was proposed that in crustaceans,
the primary source of energy is protein (New, 1976),
contrasting with mammals and birds, which utilize mainly
carbohydrates and lipids as energy source (Cherel et al.,
1992). However, during a 28-day starvation study, in the
hepatopancreas of the shrimp Penaeus japonicus, the
glycogen stores were rapidly depleted, presumably being
converted to glucose and used as energy source (Cuzon
et al., 1980). Tail muscle lipids diminished progressively
and proteins were next mobilized, but more slowly,
eventually accompanied by muscular atrophy. Similar
results were obtained for the shrimp Penaeus duorarum
(Schafer, 1968) and for Crangon crangon (Cuzon and
Ceccaldi, 1973). However, the purple shore crab Hemigrapsus nudus during a 23-day starvation period used
preferentially protein (Neiland and Scheer, 1953) as
reported for other decapods more recently (Anger, 2001).
Moreover, crustacean responses to starvation appear to be
inﬂuenced by the developmental stage. Spiny lobster Jasus
edwardsii, phyllosoma larvae during a 6–11-day starvation
catabolized more lipids than carbohydrates and proteins in
stages II, IV and VI. These larvae were 14–40% lighter
than their fed counterparts (Ritar et al., 2003).
In addition, changes may occur in which the crustacean
switches to the use of one energy reserve to another,
depending on the developmental stage. In the copepod
Calanus finmarchicus, the use of energy changed: during the
ﬁrst 10 days of starvation the protein content showed a
moderate decline, suggesting that this organism cope with
starvation utilizing endogenous reserves different than
protein; however, during the next 21 days, total protein
content was drastically reduced (Helland et al., 2003). In
subterranean aquatic crustaceans changes have also been
found. After 28 days of starvation, the isopod Asellus
aquaticus responded with an immediate, linear and large
decrease of all the energy reserves, most of which were fully
recovered after a 7-day refeeding period. In contrast,
prolonged fasting (180 days) in the isopod Stenasellus virei
was characterized by three successive phases: (1) an
immediate, but low, depletion of both glycogen and
arginine phosphate, followed by (2) the utilization of
triacylglycerydes associated with glycogen resynthesis and
ﬁnally (3) a slow depletion of both proteins (demonstrated
by a slight increase in ammonia excretion rate) and lipids,
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always associated with a glycogen resynthesis. As in A.
aquaticus, S. virei energy reserves were fully recovered after
a 15-day refeeding period (Hervant and Renault, 2002).
Strategies of fuel reserves usage may change depending on
the species and larval stage (Le Vay et al., 2001). Such
strategies were favorably selected for the ability to prolong
the survival of the organisms and, therefore, to increase
their competitive abilities. The relative importance of
metabolic reserves and their order of utilization vary
among species (reviewed in Hervant et al., 1999).
3. Carbohydrates requirements
Carbohydrates are the most economical and inexpensive
source of energy for crustacean feeds. Although not
considered essentials, they are incorporated in aquaculture
feeds to reduce costs and for their binding properties
during feed manufacturing. Recent studies have reduced
dietary protein by replacing it with carbohydrates, revealing that the ability of shrimp to utilize carbohydrates is
limited as a consequence of both, the low storage capacity
and the low capability of enzymatic processing (Rosas et
al., 2000).
Even when carbohydrates are not essential for crustaceans, they can be a useful inexpensive source of energy
with protein-sparing and lipid-sparing effects. Penaeus
monodon shrimp fed starch or dextrin had signiﬁcantly
higher weight gain, feed efﬁciency ratio, protein efﬁciency
ratio and survival than those fed glucose (Shiau and Peng,
1992). Hence, the required dietary protein level for Penaeus
monodon is lower if starch, instead of glucose or dextrin, is
used as a carbohydrate source. Based on these studies,
starch is nowadays the typical carbohydrate in formulated
feeds for crustaceans. It is well hydrolyzed by shrimp such
as Penaeus indicus and Penaeus vannamei, but poorly
digested by lobsters (Verri et al., 2001).
D-glucose in crustacean hemolymph comes from two
main sources: from the direct absorption of dietary Dglucose through hepatopancreatic and intestinal epithelial
cells, or from hepatopancreas, where it is stored as
glycogen or synthesized by the gluconeogenic pathway. Dglucose levels in hemolymph are tightly controlled,
particularly by the crustacean hyperglycemic hormone
(CHH), a neuropeptide produced by the sinus gland of
eyestalks (Verri et al., 2001). Besides its role on regulation
of carbohydrate metabolism, CHH also plays signiﬁcant
roles in reproduction, molting and other physiological
processes. If D-glucose levels drop, neurons of the sinus
gland release CHH and this induces the hydrolysis of
glycogen from muscle stores. On the contrary, if D-glucose
concentration in hemolymph increases, CHH release is
inhibited, reversing the process of D-glucose production in
the hepatopancreas and muscle (Verri et al., 2001).
D-glucose levels in hemolymph are rigorously controlled
and much lower than in mammals blood, with values of
0.970.2 mM in the crayﬁshes Procambarus clarkii, and
0.03–0.19 mM in Orconectes limosus; 0.1–0.3 mM in the
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crabs Carcinus maenas, 0.8 mM in Cancer pagurus and
0.05–0.49 mM in Cancer borealis; 0.77–1.39 mM in the
shrimp Penaeus monodon, and 1.1–1.4 mM in the lobster
Homarus americanus (Verri et al., 2001).
Glycogen is the primary fuel source in exercising
crustaceans (Herreid and Full, 1988), and it is mainly
stored on the hepatopancreas (Loret, 1993; Gibson and
Barker, 1979), while it only represents near 1% of the
muscle mass in the estuarine crab Chasmagnathus granulata
(Nery et al., 1993). Glycogen has been postulated as the
main source for the glucose necessary for chitin synthesis, a
major component of crustaceans that may represent up to
35% of the dry weight of shrimp (Omondi and Stark, 1996;
Abdel-Rahman et al., 1979).
3.1. Carbohydrates utilization during starvation
Besides the information previously provided on the
preferential use of protein or other biomolecules by
crustaceans under starvation, the information available is
still scarce. The high protein requirement and the limited
capacity of marine shrimp for lipid and carbohydrate
storage (Dall and Smith, 1986) may be related to their
ability to use protein as energy source for growth (Rosas et
al., 2000). In general, simple sugars are poorly utilized by
shrimp, although the mechanism responsible for this is not
fully understood. One possibility may be saturation of
absorption sites, inhibiting the assimilation of other
nutrients as amino acids. Such effect has been observed
in other organisms such as the rainbow trout (Hokaseno et
al., 1979; Pieper and Pfeffer, 1980) and carp (Murai et al.,
1983; Furuichi and Yone, 1982), an interaction not studied
yet in penaeid shrimp (Shiau and Peng, 1992). Another
suggested explanation is that dietary glucose is quickly
absorbed and released into the hemolymph, resulting in a
physiologically abnormal elevation of plasma glucose
levels, triggering glucose excretion and, therefore, impairing its utilization as energy source (Shiau and Peng, 1992).
This may argue about a preferential use of protein as the
main energy supply rather than carbohydrates, which have
limited storage and use.
Other factors may also affect the speciﬁc energy source
used; for instance, parasites may trigger severe changes on
the metabolism of their host. When the shrimp Palaemonetes argentinus is infected by the branchial ectoparasite
isopod Probopyrus ringueleti and starved for 15 days, a
decline in lipid concentrations and preferential carbohydrates utilization was detected (Neves et al., 2004). In
unparasitized organisms no signiﬁcant differences were
observed on glucose and glycogen concentrations, while
total lipids decreased signiﬁcantly (nearly 66%) in the ﬁrst
24 h, and remained low until the end of the experiment.
4. Lipid requirements
The information about the metabolic requirements of
lipids in crustaceans is contrasting. While some authors
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report that penaeid shrimp require dietary lipids to satisfy a
variety of metabolic functions (González-Félix and PérezVelázquez, 2002), others point out that the shrimp may not
have a deﬁnite lipid requirement (Shiau, 1998; D’Abramo,
1989). However, lipids are a major source of energy in
marine invertebrates, including shrimp; furthermore, they
are involved in several essential processes for their growth,
molting and reproduction. Cell membrane structure
depends largely on the combination of speciﬁc lipids
and proteins. Additionally, lipid droplets accumulate in
speciﬁc tissues serving as energy stores (Yepiz-Plascencia
et al., 2000).
Cholesterol is an essential nutrient for crustaceans since
they are incapable of de novo synthesis of the steroid ring
(Rabid et al., 1999), it is also an important lipid class in
mature shrimp ovaries, and is assumed to be an essential
dietary lipid for shrimp maturation and reproduction
(Wouters et al., 2001). Cholesterol is indeed known to
meet several endocrine functions, and its mobilization
during maturation was reviewed by Harrison (1990).
It has been demonstrated that shrimps have a limited
ability to synthesize de novo the n-6 and n-3 families of
fatty acids, including the polyunsaturated linoleic (18:2n-6,
LOA) and linolenic (18:3n-3, LNA) acids. They also have a
limited ability to elongate and desaturate these polyunsaturated fatty acids (PUFA) to highly unsaturated fatty
acids (HUFA) such as arachidonic (20:4n-6, AA), eicosapentaenoic (20:5n-3, EPA) and docosahexaenoic (22:6n-3,
DHA) acids. Consequently, these fatty acids are considered
essential. Some combinations of n-3 and n-6 FA appear to
be required in shrimp diets. Xu et al. (1994) observed
greater growth in the shrimp Farfantepenaeus chinensis fed
a diet with LOA and LNA each at 0.5% of feed, while
Chandge and Paulraj (1998) made similar observations in
Farfantepenaeus indicus. Moreover, a 2:3 ratio of LOA to
LNA was optimum for Penaeus monodon (Glencross and
Smith, 1999).
The importance of phospholipids (PLs) in penaeid
shrimp nutrition has been demonstrated (González-Félix
et al., 2002). PLs are components of membrane structures
and mediators and modulators of transmembrane signaling, and act as emulsiﬁers facilitating the digestion and
absorption of fatty acids, bile salts and other lipid-soluble
materials. They are the main lipid class that is transported
from one tissue or organ to another and may play speciﬁc
roles for the transport of absorbed lipids from the gut
epithelium into the hemolymph (Coutteau et al., 1997), of
which, they are the main lipoproteic lipid component
(Yepiz-Plascencia et al., 2000; González-Félix and PérezVelázquez, 2002).
As crustaceans eat, the lipids present in the feed are
digested and absorbed through the digestive tract and
transported to appropriate cells for storage or utilization.
The main lipid storage organ in crustaceans is hepatopancreas. Lipids are mobilized to and from this organ through
lipoproteins that bind and carry these hydrophobic
molecules in the aqueous hemolymph environment. High-

density lipoproteins (HDL) and very high density lipoproteins (VHDL) are the main lipoproteins found in crustacean species (Lee and Puppione, 1978; Yepiz-Plascencia
et al., 2000; Yepiz-Plascencia et al., 2002). Phosphatidylcholine is a particularly important PL because it is an
essential component of these lipoproteins (Hertrampf,
1992).
One of the most important roles of lipids in crustaceans
is related to reproduction, since they are associated with
the maturation of oocytes and the survival of the initial
larval stages. Free sterols are commonly found in developing ovaries, where they contribute to membrane
structure and are precursors of hormones and steroids. A
dramatic increase in ovarian lipid accumulation occurs
during vitellogenesis, with lipids accounting for 18–41% (in
various species) of the total ovarian dry mass at the end of
ovarian maturation. In most species, PLs, triacylglycerols
and sterols are the most abundant ovarian lipid classes. In
the blue crab Callinectes sapidus, lipid droplets, which form
a minor component in immature ovaries, constitute 27% of
the total lipids in mature ovaries (Lee and Walker, 1995).
The origin of lipids reaching the ovary is not fully
understood. Lipids stored in the hepatopancreas have been
shown to be transported to the ovary during vitellogenesis
(for a review, see Harrison, 1990). However, the amount of
lipids accumulated within the ovaries is greater than that
stored in the hepatopancreas and therefore, lipids synthesis
has been proposed to occur within the ovaries and
developing oocytes. It was observed that female shrimp
double their food consumption, indicating that lipids
accumulating in the ovaries must originate from the food
(Teshima et al., 1986). It is not known whether these lipids
pass via the metabolic junction in the hepatopancreas or
are taken up directly from the gut.
4.1. Lipid utilization during starvation
Reports about the metabolic requirements of protein
and lipids under starvation in crustaceans are very
contrasting. As mentioned before, several authors report
protein as the main source of energy for starved
crustaceans. However, according to Ritar et al. (2003),
during starvation of crustaceans, at all life stages including
larvae, there are three distinct phases of biomass degradation: at the beginning, energy-rich lipid reserves are
preferentially mobilized, reﬂected in decreasing lipid:protein ratios, which is typical of short-term food deprivation.
When much of the accessible lipid pool has been depleted,
proteins are increasingly utilized. A signiﬁcant part of the
lipid pool is bound in crucial cell structures such as
membranes, and, hence, is normally unavailable for energy
metabolism. This phase of predominantly protein catabolism is indicated by an increase in the lipid:protein ratio
and reﬂects the degradation of structures such as muscle
and nervous tissue. In the ﬁnal phase of starvation prior to
death, structural lipids may also be degraded, so that the
lipid:protein ratio decreases again. In this condition, the
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esculentus, the abdominal ‘muscle mass’ is the main source
for proteins and lipids during a 14-day starvation period
(Barclay et al., 1983). Subterranean amphipods species
(Niphargus virei and N. rhenorhodanensis), under a 180-day
starvation, metabolize preferentially lipids (reaching 70%
and 53% of the initial value) in order to save carbohydrates
and phosphagen (the two main fermentable fuels metabolized during oxygen deﬁciency in crustaceans; Hervant
et al., 1999) and to save muscular proteins. Therefore, these
species could withstand a prolonged hypoxic period
subsequent (or associated) to an initial nutritional stress,
and could rapidly renew searching for food (i.e. an active
habitat exploration, Danielopol et al., 1994).

larvae have passed their point-of-no-return and do not
recover after refeeding.
Energy metabolism may suffer variations depending on
the development stage. In the spiny lobster J. edwardsii,
phyllosoma larvae starved during 6–11 days, lipids were the
main energy source during food deprivation on late stages
of development, while in stage I protein catabolism may be
more important (Ritar et al., 2003). Differences in energy
source usage may be species-speciﬁc, but a complicating
fact when analyzing the available information is that, in
several cases, not all the three energy sources (carbohydrates, proteins and lipids) were evaluated in the same
crustacean under the same conditions. Starvation time,
developmental stage and molting can have important
effects.
In addition, the methodological approaches used for
deﬁning the reserves mobilized during starvation may vary.
Johnston et al. (2004) examined the activities of four
digestive enzymes in the phyllosoma larval stages I and IV
of the spiny lobster as an indicator of nutrients preferentially employed by the organism during starvation. It was
found that protease activities were signiﬁcantly higher in
both stages, suggesting that protein catabolism provided
energy during food deprivation, while lipase activity
decreased indicating that lipids may be spared for fueling
later development stages. These results are contrasting with
those reported by Ritar et al. (2003).
Among crustaceans, neutral lipids (mainly triacylglycerides, TG) are preferentially catabolized during starvation,
while polar lipids (PL and cholesterol) are conserved due to
their role as structural components of cell membranes
(Hervant et al., 1999). In the tiger prawn Penaeus

5. Enzymes involved in the utilization of crustacean energy
reserves
During fasting and starvation, crustaceans must use their
energy reserves to meet their needs. This will involve the
hydrolysis of proteins to amino acids, glycogen to glucose
and TG to free fatty acids, by proteases, glycohydrolases
and lipases, respectively (Fig. 1). The activity of these
enzymes must be ﬁnely regulated to degrade the necessary
energy reserves, preserving cell integrity as much as
possible. Since the most important energy reserves in
crustaceans are in hepatopancreas and muscle, the enzymes
must be produced in these tissues. To our knowledge,
information about the enzymes responsible for these
hydrolytic processes in response to starvation in crustaceans is not yet available.
Crustacean hepatopancreas produces several digestive
enzymes that are secreted for food digestion, including
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Fig. 1. A scheme showing the possible steps in a hepatopancreatic cell necessary to synthesize and use energy reserves. Energy is used intracellularly or
released into the hemolymph to be taken up by other tissues. Continuous lines (C1, C3, C5, L1, L3, L5, P1, P3, P5 and P6) indicate synthesis, broken lines
(C2, C4, L2, L4, P2, and P4) indicate degradation routes for energy reserves. C: carbohydrate, L: lipids, and P: Protein.
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proteases like trypsin and chymotrypsin, lipases and
carbohydrate degrading enzymes (Dall et al., 1990).
Presumably, they are active only after secretion, stored as
zymogens or in complexes with speciﬁc inhibitors (Neurath, 1984) that prevent internal cellular damage. During
starvation, when cell internal reserves must be mobilized, it
is possible that these same enzymes are produced or
activated and ﬁnely regulated inside the cells; however, the
processes and mechanisms whereby this occurs is still
unknown, although some evidence for changes are becoming available.
Trysin and chymotrypsin activities (the main proteases)
in the shrimp Penaeus vannamei hepatopancreas are
40–60% lower after 120 h starvation (Muhlia-Almazán
and Garcı́a-Carreño, 2002), while trypsin mRNA is 30%
lower (Sanchez-Paz et al., 2003), in agreement with their
role as digestive enzymes that are secreted, and hence, if
there is no food available, they appear to be downregulated. If this trend is maintained after longer starvation
periods is still unknown, but these proteases may be
activated perhaps, once all the lipids are depleted, since the
hepatopancreas is a lipid-rich tissue. The involvement of
unidentiﬁed proteases is also possible.
Lipase activity has been recognized in crustaceans such
as the Paciﬁc white shrimp Penaeus vannamei (GamboaDelgado et al., 2003), redclaw crayﬁsh Cherax quadricarinatus (López-López et al., 2003), the shrimp Macrobrachium borellii (González-Baro et al., 2000), and terrestrial
isopods (Zimmer, 2002). However, the role and regulation
of these enzymes under starvation periods is unknown.
Besides, information related to genetic aspects of this kind
of enzymes in crustaceans is null to our knowledge.
Crustacean digestive glycohydrolases are also reported
on Penaeus vannamei (Van Wormhoudt and Sellos, 2003).
Lovett and Felder (1990) found a substantial increase in
amylase activity during postlarval development in Penaeus

setiferus as a response to low levels of carbohydrate in the
diet. Similar results were found by Rodrı́guez et al. (1994)
for myses of Marsopenaeus japonicus due to low dietary
carbohydrate availability. Chitinase is also an important
digestive enzyme (Lehnert and Johnson, 2002). However,
their synthesis, regulation and expression during starvation
in crustaceans are poorly understood. Moreover, there is
no information to our knowledge about enzymes involved
in glycogen degradation and their response to starvation. If
the crustacean enzymes involved in energy reserves
utilization are similar to insect enzymes, as expected by
their closer phylogeny, remains to be elucidated. It is
possible that some interesting characteristics and modes of
regulations may be found in the enzymes from crustaceans.
6. Summary and concluding remarks
Studies about the metabolism of crustaceans and their
ability to adapt to environmental variations contribute to
the understanding and elucidation of perhaps new mechanisms. It is clear that some facts about protein metabolic
requirements had been assumed or extrapolated to
crustaceans, especially to penaeid shrimp, from the knowledge derived from other species. Therefore, more research
is necessary to understand the biochemical and physiological aspects of crustacean nutritional requirements,
especially considering the high degree of ﬂexibility in
digestive physiology of crustaceans, as an essential part of
their ability to grow, survive, and reproduce when the food
supply changes or depletes (Rodrı́guez et al., 1994; Icely
and Nott, 1992). The metabolic requirements of crustaceans appear to be species-speciﬁc, and discrepancies may
arise between phylogenetically related species. Table 1
presents some examples of the preferential use of energetic
fuels by several species of crustaceans under food depletion. Starvation induction of crustacean in the intermolt

Table 1
Preferential usage of energy reserves of some crustaceans under prolonged fasting
Crustacean

Preferential energy supply depleted

Starvation period

Reference

Penaeus japonicus
Penaeus duorarum
Crangon crangon
Palaemonetes argentinus

Glycogen
Glycogen
Glycogen
Carbohydrates

28 days
—
15 days

Cuzon et al., 1980
Schafer, 1968
Cuzon and Ceccaldi, 1973
Neves et al., 2004

Stenasellus virei

Glycogen and arginine phosphate
Triacylglycerides
Proteins and lipids
Carbohydrates and lipids
Protein
Proteins and lipids
Protein
Protein
Lipid
Lipids
Lipids

120 days

Hervant and Renault, 2002

First 10 days
Next 21 days
14 days
8 days
23 days
6–11 days
180 days
180 days

Helland et al., 2003

Calanus finmarchicus
Penaeus esculentus
Jasus edwardsiia
Hemigrapsus nudus
Jasus edwardsiib
Niphargus virei
Niphargus rhenorhodanensis
a

Phyllosoma larval stages I and IV.
Phyllosoma larval stages from hatching to stage VI.

b

Barclay et al., 1983
Johnston et al., 2004
Neiland and Scheer, 1953
Ritar et al., 2003
Hervant et al., 1999
Hervant et al., 1999
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stage is probably a good model to try to understand the
molecular and enzymatic changes that occur naturally
during their growing process, although the effect of
hormones must not be forgotten.
Studies of energy reserves usage in fed, as well as in
starved crustaceans, may be conducted by looking for
changes in the enzymes responsible for their synthesis and
degradation (Fig. 1). Current technology for identifying
and characterizing genes expressed under speciﬁc conditions will also certainly be very useful and change the pace
at which this information can be obtained. We believe that
the understanding of the metabolic necessities of crustaceans, especially of those commercially important, will
allow researchers to focus on more complicated issues,
including the contributions of some other nutrients (such
as proline, as in ﬂying insects) to satisfy the energy
requirements of organisms in undernourishment and how
genes involved in energy metabolism respond to survive
periods of starvation; this will eventually provide basis to
propose strategies that could lead to a marked improvement in health and productivity of aquacultured crustaceans.
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