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ABSTRACT

A hallmark of crustacean physiology is the periodic shedding of their old exoskeleton
achieved by moulting as an external manifestation of a discontinuous growth process.
Crustacean metabolism, reproduction and behavior are all affected by the periodic
shedding of the exoskeleton and the characteristics of moulting cycles. There are major
gaps in our understanding of moulting patterns of commercially raised shrimp; hence,
further investigations on the duration of each moult stage, in-moult cycle and the
relationship between biochemical constituents and moult cycling are essentially needed.
The present research work was aimed at describing characteristic features and
biochemical changes that occur at various stages (A-D) during moulting cycle of the Indian
green tiger shrimp Penaeus semisulcatus. Experimental animals (wet weight, 20 £ 2 @)
were reared individually in aerated plastic aquaria under normal laboratory conditions
(12L: 12D; 28.2°C) and 50% of the water was replaced daily for one month. Animals were
provided twice daily with commercial Magnum Scampi feed ad libitum and were observed
regularly for moulting by setal development and biochemical analysis in conjunction with
established parameters for morphological changes during the moulting cycle. Results
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showed that muscle protein content peaked during the post-moult stage A (51.23 + 2.51
mg/g) and gradually declined through the inter-moult and pre-moult stages. Similarly in the
hepatopancreas, distinct increase in the total protein content was observed during the
post-moult stage B (15.78 + 0.26 mg/g) and a steady decline was noticed thereafter (p <
0.05). Significantly higher levels of total sugars from muscle tissues were observed in late
post-moult stage B (51.23 + 2.65 mg/g) and minimum level of total sugars were observed
in late pre-moult stage D,; both in muscle tissue (28.43 + 2.98 mg/g) and in
hepatopancreas (18.79 +1.62 mg/g). A sharp fall in lipid content of muscle tissues was
observed in inter-moult stage C (19.54 + 1.45 mg/g) and a corresponding decline (48.21 £
3.25 mg/g) was observed in the hepatopancreas. The present study documents and
further expands our understanding of the physiological and biochemical changes
occurring in P. semisulcatusduring four different moulting stages and will provide useful
criteria for identifying different stages in the life cycle of this commercially farmed shrimp.

Keywords: P. Semisulcatus; moulting; biochemical changes; physiology.
1. INTRODUCTION

One of the important aspects of crustacean physiology is the periodic shedding of old
exoskeleton which is accomplished by moulting, an external manifestation of discontinuous
growth process. The actual preparation for the subsequent moult, however, consists of
numerous biochemical, physiological and morphological changes that temporally occupy
much of the proceeding moult cycle [1].

The classical work of [1] made it possible to recognize three major moult stages such as
inter-moult, pre-moult, and post-moult, which are further subdivided into several sub stages.
The inter-moult is the interval between two successive moults, whereas the pre-moult and
post-moult represent the preparatory as well as post-ecdysial stages, respectively. The
schedule of moult staging on the basis of setal development has been described in many
Penaeid species [2,3,4,5,6,7]. Preliminary studies on the moult staging of Penaeus indicus
were carried out by [8,9,10] and for tiger shrimp Penaeus monodon by [11].

In this study, Indian green tiger shrimp Penaeus semisulcatus has been selected because of
its growing importance for shrimp farming in the Indian sub-continent where its farming has
been standardized. However, there is a great need to fill gaps in our knowledge on moulting
patterns of this commercially important shrimp. The current basic problems of importance
that need further investigation, include the duration of each moult stage within the moult
cycle and the relationship between biochemical constituents and moult cycle. Metabolism,
reproduction and behavior are affected both directly and indirectly by the periodic shedding
of the exoskeleton [12]. The present study was restricted to study some characteristic
features and biochemical changes in macromolecular components such as total proteins,
total sugars and total lipids during various stages of moult cycle in the marine green tiger
shrimp, P. semisulcatus.
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2. MATERIALS AND METHODS
2.1 Collection of Shrimps

Adult fresh live shrimps, P. semisulcatus, were obtained from fishermen at fish landing
center in Kasimedu, Chennai and stocked in large rectangular cement aquaria (90 x 60 x 60
cm; 175 L capacity) with adequate aeration. Experimental animals (wet weight, 20 + 2 g)
were reared individually in aerated plastic aquaria (16 L capacity) under normal laboratory
conditions (12L: 12D; 28.2°C) and 50% the water was exchanged every day for a month.
Animals were fed, ad libitum, commercially available feed (Magnum Scampi feed; 31% crude
protein, 4% crude fat, 7% crude fiber and 11% moisture) twice a day (08.00 h and 18.00 h)
and were observed regularly for moulting.

2.2 Analysis of Moult Stages

Setal development of P. semisulcatus was observed at the posterior median part of the
pleopods and uropods. Moult stages were determined based on morphological changes of
the seta as described by [1] using light microscope (Labex, India). The pleopods and
uropods were removed, mounted on a microscope slide in filtered sea water and stages of
moulting were recorded with CCD micro-imaging systems (CCD_MODULE_BME_C_721,
Korea).

2.3 Estimation of Total Protein, Sugars and Lipids

Total protein and sugars of muscle and hepatopancreas were quantified following the
method of [13] and [14] respectively. Total lipid was quantified according to [15] and
extraction of lipids from the samples was done as described by [16].

2.4 Statistical Analysis

Data obtained from biochemical analysis with reference to proteins, sugars and lipids at
various stages of moulting were subjected to analysis of variance (ANOVA) and difference
between different stages of moulting were determined by Duncun’s test. Data are presented
as mean = SD. The values of P<0.05 were considered significant. Analyses were carried out
using software SPSS v. 10.

3. RESULTS AND DISCUSSION

3.1 Description of Moulting Cycle

A systematic explanation of different moult stages of P. semisulcatus is given in Table 1.
Moult stages were characterized by the morphological changes such as cuticle hardness,

rigidity or changes in developing setae of pleopods and uropods.

On the basis of setogenesis, the moult cycle has been classified into 6 well defined stages
viz. Post-moult (sub stages A & B), inter-moult (C) and pre-moult (sub stages Dy, D4, D, 3).
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Table 1. Moulting cycle stages in P. semisulcatus

Moult stages Diagnostic characters

Post-moult Freshly moulted shrimps and extremely quiescent, cuticle soft

Stage A and pliable, pleopod soft and transparent, Setae thin walled,
granular protoplasmic matrix.

Stage B Carapace hard, pleopod hard and rigid with the development of
cuticular nodes.

Inter-moult Exoskeleton remains hard, setal lumen becomes narrow; setal

Stage C wall translucent; setal cone formation.

Pre-moult Beginning of epidermal retraction (apolysis), protoplasmic

Stage Dg invagination in the site of future setae resulting in scalloped
epidermis

Stage D, Exoskeleton remains brittle, retracted zone between old cuticle

and epidermis widens; the tip of new setae is either within the
setal groove, or protrudes into the retracted zone. New setae
clearly visible.

Stage D,.3 Epidermal retraction continues; fully developed new setae
appear in the matrix as tube-in-tube structure.

3.1.1 Stage A: early post-moult

The early post-moult (A) occurs just after ecdysis. The cuticle was thin and had a slotted
appearance due to absorption of water by the animal through its soft exoskeleton. The setal
lumen was continuous and not pinched off at the base of the setae (Fig. 1).

Fig. 1. Moulting stages of Penaeus semisulcatus - stage A (early post-moult)
a& b — Pleopodalsetogenesis,
c& d - Uropodalsetogenesis
CN - Cuticular nodes
NS - New setae

3.1.2 Stage B: late post-moult

The cuticle became thicker. The matrix was expanded throughout the setae, but remains
vacuolated. The occurrence of chromatophores was noticed at this stage (Fig. 2).
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Fig. 2. Moulting stages of Penaeus semisulcatus - stage B ( late post-moult)
e — Pleopodalsetogenesis
f& g - Uropodalsetogenesis
CN - Cuticular nodes
S - Setae

3.1.3 Stage C: inter-moult

Inter-moult was characterized by having a well formed cuticle. The setal lumen remains

pinched off at the base and a gradual condensation of the setal lumen was observed
followed by cone formation (Fig.3).

x 400

Fig. 3. Moulting stages of Penaeus semisulcatus - stage C ( inter-moult)
H & i — Pleopodalsetogenesis
J - Uropodalsetogenesis
SC - Setal cone
S - Setae
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3.1.4 Stage D: pre-moult

Setal development and pre-ecdysialcuticular changes can be observed in the pleopod and
uropod from the earliest D, stage through D,; stages. Degree of retraction of epidermal
tissue determined different sub stages of pre-moult.

3.1.4.1 D, stage: early pre-moult

Once the retraction begins, the shrimp is designated as stage D,. The pre-moult stage is
characterized by old cuticle resorption and new cuticle synthesis. The first morphologically
distinguishable evidence of the pre-moult stage starts with apo-lysis, the retraction of the
epidermis from the cuticle, and the creation of a moulting space for the formation of new
cuticle. The setal cone in the setae becomes shorter (Fig. 4).

Fig. 4. Moulting stages of Penaeus semisulcatus - stage D, (early pre-moult)
k& | — Pleopodalsetogenesis
m - Uropodalsetogenesis
SE - scalloped epidermis
SG - setal groove
S - setae

3.1.4.2 D,stage: early pre-moult
The anterior part of pleopod and uropod showed comparatively greater degree of epidermal
retraction than the D, stage, Condensation of protoplasm was noticed in the region where

new setae are formed. Later, the protoplasm invaginated at the site of future setae, giving
rise to a scalloped appearance (Fig. 5).
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Fig. 5. Moulting stages of Penaeus semisulcatus - stage D, (early pre-moult)
n& o — Pleopodalsetogenesis
p - Uropodalsetogenesis
ER - epidermal retraction
SG - Setal groove
S - setae

3.1.4.3 D, sstage: late pre-moult

This stage precedes ecdysis and was characterized by maximal retraction of epidermis and
is well developed along setae. New cuticle is clearly seen as a transparent layer that isfree
of granules. The retraction of the epidermis in the anterior and lateral regions of pleopod and
uropod are greater than in stage D4. The split of delimitation broadens and the separation
between inner and outer tubes of new seta becomes obvious. The new setules pinch off
from the setal matrix at this stage. The cuticular lining of new setae and their tubes is
thickened and becomes clearly visible as a ‘tube in tube structure’ giving a striated
appearance (Fig. 6).

Fig. 6. Moulting stages of Penaeus semisulcatus - stage D2.; (late pre-moult)
qé& r — Pleopodalsetogenesis
r - Uropodalsetogenesis
ER - epidermal retraction
TT - tube in tube structure
NS - new setae
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3.2 Biochemical Constituents

3.2.1 Total protein content of muscle tissue and hepatopancreas

Higher protein content was observed in muscle tissue, than in hepatopancreas during the
different moult stages. Total protein content of muscle tissue was observed to be maximal
during post-moult stages A (51.23 + 2.51 mg/g) and B (48.57 = 3.0 mg/g) and a steady
decline was noticed during the inter-moult and pre-moult stages. Similar conditions were
also observed in hepatopancreas with distinct increase in the total protein content during the
post-moult stages A (15.23 + 0.58 mg/g) and B (15.78 + 0.26 mg/g) and steady decline was
noticed thereafter. The variations in the total protein levels in muscle and hepatopancreas
during moult stages were significantly different (P =0.05; Fig. 7).
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Fig. 7. Biochemical constituents in the muscle tissue of P. semisulcatus during
different moulting stages. Moulting stages

3.2.2 Total sugar content of muscle tissue and hepatopancreas

The total sugar content was also observed to decrease during the early moulting stages.
Significantly higher levels of total sugars were observed at late post-moult stage B in muscle
tissue (51.23 + 2.65 mg/g) and in hepatopancreas (38.16 + 2.01 mg/g) p < 0.05. Gradual
decline was observed in the preceding stages and minimum level of total sugars was
observed in late pre-moult stage D,3; in muscle tissue (28.43 + 2.98 mg/g) and in
hepatopancreas (18.79 +1.62 mg/g). Variations observed between moult stages in total
sugars levels within muscle and hepatopancreas were significantly different (P =.05; Fig. 8).

3.2.3 Total lipid content of muscle tissue and hepatopancreas

Significant variations were observed in the levels of total lipid during the various stages of
moulting (P = 0.05). A sharp fall in lipid content was observed in inter-moult both in muscle
tissue (19.54 + 1.45 mg/g) and in hepatopancreas (48.21 + 3.25 mg/g), when compared to
maximal levels in post-moult A (30.21 = 1.01 and 78.23 + 2.65 mg/g) of muscle tissue and
hepatopancreas respectively (Figs. 7 & 8).
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Fig. 8. Biochemical constituents in the hepatopencrease of P. semisulcatus during
different moulting stages. Moulting stages

Statistical analysis clearly indicates that protein content in the muscle tissue did not differ
significantly between early post-moult and late post-moult. However, the protein content
significantly reduced up to early pre-moult D, stage. A similar trend was observed with total
sugars and total lipids in the muscle tissue. Statistical analysis carried out with the data
obtained for different biochemical constituents indicated that total protein did not show
significant variation up to early pre-moult in the hepatopancreas. However, total sugars and
total lipids decreased significantly from early post-moult A to early pre-moult D, stage.
Subsequent increase in total sugars and total lipids in late pre-moult stage in
hepatopancreas was probably due to formation or synthesis of new cuticle. Values with
biochemical constituents studied in the hepatopancreas and muscle during different moulting
stages show statistically significant difference (P = 0.05).

4. DISCUSSION

The moulting cycle in crustaceans is characterized by distinct morphological, physiological
and biochemical events. The present study has identified and characterized several of these
parameters for the green tiger shrimp, P. semisulcatus. For many years, setogenesis has
been used as a criterion for describing moult stages in crustaceans [17]. Species variations
in setal morphology and development results in differences among crustaceans in both
staging criteria and in defining subdivisions of moult stages. The present study has
attempted to establish identification criteria for the moult stages and sub stages in P.
semisulcatus. These criteria include discernment in the pleopods of epidermis, setal lumen,
internal cones and setal organs. Similar criteria have been used to determine stages for the
Penaeidal shrimp, P. duordarum [2], P. califormensis [19], P. stylirostris [20], P. merguiensis
[21], P. esculentus [5] and P. indicus [10].

Moult staging may be accomplished using setogenesis in a variety of appendages. These

appendages include the pleopods, as demonstrated in A. leptodactylus [22], P. marginatus
[23] and Chionoecetes opilio [24] and the uropods in Petrolisthes cinctipes [25], P. stylirostris
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[26] and P. setiferus [6]. Pleopods and uropods were used for the determination of moult
stages because removal of other appendages results in trauma or death.

Complete retraction of the setal matrices observed in the present study has been reported in
other penaeids during pre-moult, whereas in some individuals of P. vannamei retention of
setal matrices was observed [7]. Deviations in setogenesis are even more pronounced in
other decapods. In lobster, Panulirus marginatus, internal cones are lacking; thus, the
distinction between stages B and C depends mainly on the thin and hollow appearance of
the setal lumen in pre-moult [20]. These examples emphasize that moult staging must rely
on a combination of setal characters. Furthermore, sub staging varies according to the
investigators. In the present study, moulting cycle in P. semisulcatus was readily divided into
stages, A, B, C, Dy_s. In the Cray fish, Astacus leptodactylus the moulting cycle was divided
into A4, B1.o, Ci4 and D4 [20] and as A, B, Ci.3 and Dqy3 in P. vannamei [7]. These sub
stages were not described in P. semisulcatus because these putative stages were of
extremely short duration.

Available data for the protein levels in decapod crustaceans [23,24,9,25]) were mostly
obtained from analysis of hemolymph collected during unspecified moulting stages. The
range of values obtained for P. semisulcatusis were generally in agreement with these
reports. Hepatoapanereas and muscle protein concentration in P. semisulcatus was maximal
in the post-moult individuals; the lowest values were observed in pre-moult shrimps. Similar
observations have been reported for Panulirus arqus [26], Orconectes limosus [27], Crangon
vulgaris [28] and Penaeus monodon [25]. The lower pre-moult protein levels in muscle and
hepatopancreas are assumed to be due to re-adsorption from the chitin and epidermal
protein complex of old exoskeleton and degradation of proteins for energy production
[10,29]. Re-adsorption of the organic matter varies greatly among the species: 70% in P.
duorarum [2] 23% in Panulinus [25] and 79% in Carcinus [12]. The increase in protein
concentration in the post-moult stage results due to chitin formation for the new cuticle
[25,12].

The titers of total sugars in hepatopancreas and muscle remained low during C and D
stages and reached a maximal concentration in early and late post-moult A & B. Similar
situation was reported for Carcunus maenas [30]. Although, titers of total sugars of C.
maenas were more than twice the values reported for P. semisulcatus. In contrast to this
pattern, [31] demonstrated that total sugars decreased shortly before ecdysis in three
species of crabs. Since total sugar levels were highest after ecdysis, it is clear that the
sugars have been mobilized from their storage organs viz., hepatopancreas and muscle,
which are essential for either chitin synthesis for the new cuticle or as a source of energy
during moulting [7].

The total lipid levels of hepatopancreas and muscle showed sharp decline from late post-
moult B to inter-moult C and then gradually decreased up to late pre-moult stage D,3. In
contrast, ovarian and haemolymph lipid levels have been found to increase during inter-
moult and pre-moult period in other penaeid shrimp species [32]. These contradictory
features witness the possible sequestration of yolk bodies and other lipids into the oocytes
from the storage reserves, particularly within the hepatopancreas.
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5. CONCLUSION

In conclusion, the developmental stage of setae in pleopods and uropods provides a rapid
and accurate indication of moult stage in P. semisulcatus. It will be non-sacrificial to repeat
measurements that are taken from the same animal to monitor the rate of development. The
present study provides a detailed account on moulting stages such as epidermal retraction,
setal formation and related structural changes in the cuticle. The present study also
emphasizes variations in the biochemical constituents in muscle tissue and hepatopancreas
during various moulting stages that will contributes to our understanding of moulting cycle
physiology in P. semisulcatus.
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