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ABSTRACT

The present study was carried out to investigate histological changes in cuticle structure of the red
swamp crayfish, Procambarus clarkii and number of layers of carapace cuticle during different
molting stages. The crayfish samples were collected alive from the River Nile tributaries at
Al-Kanater Al- Khairiya, Qalyoubiya Governorate during the period from spring 2010 to autumn
2011. These specimens were transported to the laboratory in the Faculty of Science, Al-Azhar
University, Nasr City, Cairo. From the collected samples 10 individuals were selected according to
molting stages morphologically, they were sexually mature and varied from 6.0 to 10.5 cm in
standard length, 6.5 to 11.5 cm in total length and from 9.1 to 48.25 g in total body weight. These
specimens were classified into five molting stages to study cuticle structure histologically. During
intermolt stage, carapace integument is composed of four distinctive layers. These layers arranged
from the outer surface to inner side as: epicuticle, exocuticle, endocuticle and membranous layer,
respectively. During this stage, the epidermal layer composes of cuboidal epithelium. At the onset
of premolt, a new endocuticle was arose above the membranous layer represents the new
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water crayfish P. clarkii.

carapace. It was characterized externally by a clear separation called an apolysis occurred
between an old endocuticle and new one. During an ecdysis, both of pre-ecdysal cuticle and
postecdysal one were distinct, pre-ecdysal cuticle comprises epi-, exo-, and endocuticle; while the
postecdysal composed of epi- and endocuticle only (without exocuticle), in addition to membranous
layer, the epidermis was composed of elongated columnar epithelial cells. All these results
indicated that the cuticle structure changes obviously during the course of molting cycle in fresh

Keywords: Crayfish; epicuticle; endocuticle; exocuticle; Malpighian layer; epidermis.

1. INTRODUCTION

Molting is the main tool for increasing size in
crustaceans [1,2,3,4]. During molting
several internal (ex. Formation of gastroliths
in cardiac stomach, mobilization of calcium
and other reserves) and external changes
(ex. morphological changes in carapace,
apolysis, changes in uropod setae) are
observed. Most of the freshwater and land
crustaceans reabsorb biominerals,
particularly calcium, from the old
exoskeleton during premolting (stage D)
and store it in special organs including
hepatopancreas and tissues, or in specific
paired discs called "gastroliths". The texture
of exoskeleton becomes fragile, with faint or
pale color during this stage. After molting, a
rapid postmolt calcification of the
exoskeleton is essential to all crustaceans,
therefore, considerable amount of calcium
were reabsorbed again from those storing
organs or gastroliths, transferring the
exoskeleton in gradual processes into
flexible to hard structure with bright color
[1,2].

The morphological changes in exoskeleton
during molting cycle are necessary
depending upon associated remarkable
changes in cuticular structure, particularly
the wall of carapace, accompanied with
those events. The most pronounced
changes are recorded in thickness,

structure and number of different cuticular
layers. Most of these changes were noticed
through the preparatory stages (premolting
stage D) and continue in an ecdysis (stage
E), but reach stability during the long period,
intermolting (stage C).

Therefore, this work aims to throw light on
the histological changes in cuticle of
carapace wall during molting stages of the
crayfish, Procambarus clarkii (Girard, 1852)
from the River Nile drainage canals, Egypt.

2. MATERIALS AND METHODS

The specimens of the freshwater crayfish,
Procambarus clarkii, were collected alive for
molting study from the River Nile tributaries at Al-
Kanater Al- Khairiya, Qalyoubiya Governorate
during the period from spring 2010 to autumn
2011. These specimens were transported to the
laboratory in the Faculty of Science, Al-Azhar
University, Nasr City, Cairo. All specimens were
sexed and weighed to the nearest 0.1 gm using
an electric balance with an accuracy of 0.01 g
after blotting excess water with absorbent
tissues. The total body length, standard length
(length without telson and uropods), were
measured with a Caliper Vernier with an
accuracy of 0.01 mm. These specimens were
divided into groups and kept for two weeks in
tanks (50 L) containing fresh water aerated with
air pumps at room ambient temperature, with an
oxygen concentration ranged between 7 and 8
mg/L, and pH varied from 7.8 to 8.0. These
animals were fed during this period with
commercial pellets, frozen fish meat and squid
flesh.

2.1 Determination of Molting Stages

Molting cycle for P. clarkii individuals were
classified into five stages according to [1] and [2].
The classification of these stages are based on
the morphological changes in carapace cases
including: hardness, surface texture, rigidity,
fragility and color patterns, in addition to color of
abdominal muscles, presence of scratches,
tubercles, mechanical damages, regenerated
limbs, epiphytic and epizoic organisms on
carapace, as well as the appearance of an
ecdysal suture (apolysis) and processes of
gastroliths formation.

2.2 Histological Studies

For histological studies several pieces (about
one sz) from 10 individuals of crayfish P. clarkii
carapace at different molting stages were taken



and immediately fixed in 10% formalin solution,
then decalcified by mixture of 35 ml (20% sodium
citrate): 65 ml (Formic acid). The decalcification
process continued for 72 hrs. at room
temperature, and was daily changed with fresh
solution. The cuticular tissues of decalcified
pieces of carapace were subsequently
dehydrated in ascending concentrations of
ethanol series started with 70 to 100%, and
prepared for routine histological embedding in
paraffin blocks. Paraffin sections of 0.5 pym
thicknesses were routinely de-paraffinized and
stained with Eosin and Hematoxylin stains. The
stained sections were examined under light
microscope (Leica DM — LB2) provided with a
digital camera (Sanyo vcc-6580PE) for
photography. For each section, several
photographs were picked up, and saved for final
examination and prepared according to different
stages of molting.

3. RESULTS

The results of histological examination were
treated and sorted according to molting stages,
started with the intermolt, to follow up the
beginning of changes, till the final formation of
new carapace. All the collected individuals were
sexually mature and varied from 6.0 to 10.5 cm
in standard length, 6.5 to 11.5 cm in total length
and from 9.1 to 48.25 g in total body weight. The
histological structure of carapace wall is treated
according to the following molting stages:

3.1 The Intermolt (Stage C)

During the intermolt stage, the carapace wall is
well compact and full formed, consists of four
distinctive noncellular layers with variable
thickness lying above living cellular layer, called
epidermal or Malpighian layer (Plate 1). The four
noncellular layers compose mainly of lipoprotein,
arranged from the outer to inner side as:
epicuticle, exocuticle, endocuticle and
membranous layer. The thickness of these layers
varied from 124.4-172.6 ym with an average of
150.8 ym, and constitutes about 88.1% of the
carapace wall. Exocuticle was the widest, ranged
from 55.6 to 83.0 um with an average of 69.5 um,
and represents 46.1% of the total wall thickness.
The thickness declines gradually to 22.7 ym for
eipcuticle (15.1% of cuticle), reaching to the
minimum average of 16.7 uym for the
membranous layer (11.1% of cuticle). The
epidermal layer has deep blue color, and was
composed of cuboidal epithelium, with large
concentric nucleus. Its thickness was ranged
from 13.9 to 27.8 ym and averaged 20.9 um,
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representing about 12.2% from the total

carapace wall.

Also, there are several vertical canals, observed
throughout exo- and endocuticles which may be
represent the tegumental glands. The fine
structure of these canals may be observed more
obvious with higher magnifications.

3.2 The Premolt (Stage D)

During this stage a clear separation called an
apolysis was occurred between an old
endocuticle and new one (endocuticle) above the
membranous layer represents the new carapace
(Plate 2). It reached 61.2 ym in its average. The
cuticular layers of the old cuticle were
morphologically differentiated by the appearance
of striated myofibrils without membranous layer,
due to the beginning formation of new cuticle
underneath. These layers varied from 152.7 to
264.1 ym, and averaged 191.2 ym in thickness.
Exocuticle was also the widest, and represented
about 42.0% of all, and ranged between 69.5 to
83.4 pym with an average of 79.9 ym in thickness.
It was observed that, the inner borders of both
endocuticle and epicuticle have condensed or
compact myofibrils, but showed loosely or slightly
separated fibrils towards the outer borders.

On the other hand, the membranous layer is thin
(6.9 ym) and tightly attached to the Malpighian
layer. The cells of the last layer are cuboidal, with
large concentric nucleus, have deep blue color.
The thickness of this layer averaged 45.2 ym.

3.3 An Ecdysis (Stage E)

This stage is characterized by the presence of
both pre-ecdysal or an old carapace (exuviae)
and postecdysal or new carapace. The pre-
ecdysal cuticle comprised epi-, exo-, and
endocuticle. It is being widely separated from the
new carapace beneath, and characterized by the
presence of both of horizontal and vertical
striation of myofibrils, which appear loose or
coarse with clear interspace, may be attributed to
the reabsorption of biominerals particularly
calcium carbonates (Plate 3). The thickness of
these layers decreased remarkably comparable
with the previous stages. It varies between 111.1
and 159.9 ym, and averaged of 132.2 ym. The
exocuticle was narrower than premolt stage,
reached to 69.5 ym in thickness, followed by
endocuticle (45.2 ym) and then the narrower
epicuticle (17.4 um). Note the vertical canals of
tegumental gland in (Plate 3B), which extend
through the exo- and endocuticle.
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Plate 1. Vertical section through the intermolt carapace stage showing layers of carapace wall,
the arrows donate to each cuticular layer (Magnification: A, 10 X and B 20 X)
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Plate 2. Vertical section of carapace wall during premolt stage, the arrows donate to each
cuticular layer with magnification of 5X (A), and 20X (B)
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Plate 3. Vertical section in the cuticle of the old carapace (exuviae) during an ecdysis with
magnification of 5X (A), and 20 X (B)

On the other hand, the post cuticular layer of new
carapace is composed of epicuticle and
endocuticle only, in addition to membranous
layer without exocuticle (Plate 4). The striation of
myofibril appears fine and more compact. The
thickness of these layers together averaged
109.3 pm, of which the endocuticle reached 95.9
um in its average and represents 87.7% of the all
cuticular wall.

The epidermis of this stage was highly active,
and characterized by the occurrence of
elongated columnar epithelial cells, have semi-
oval nucleus, located at either the mid- distance,
or tend to be slightly found at the basal half of the
cell. Due to the activity of these cells during this
stage, the thickness of this layer beings nearly
very close to that of endocuticle, with an average
of 91.7 ym.

3.4 The Newly Molt (Stage A)

During this stage a complete formation of non-
cellular cuticle including both of epicuticle,
exocuticle, endocuticle and membranous layer
was occurred (Plate 4). The thickness of these
layers averaged 182.8 pum, of which the
endocuticle was the widest, averaged 92.7 ym

and represented 51.1% of the carapace wall. It
followed by exocuticle with an average of 72.78
pm in thickness. The epidermis of this stage was
still active, and has a columnar epithelial cells,
have semi-oval nucleus, located at the mid-
distance, or showing slightly tendency towards
the upper side of the cell with thickness averaged
50.04 pym.

3.5 The Recently Molt (Stage B)

During this stage the layers of cuticle are
clearly differentiated as in the previous stage, in
addition to the occurrence epidermal layer
(Plate 5). The thickness of all cuticular layers
averaged 189.0, distributed as 12.2, 83.4 and
79.5 um for epi- exo- and endocuticle,
respectively, showing a decrease in endocuticle
thickness, and slightly increase in exocuticle,
which may be very close in their thickness. It was
also observed that the color of the two layers
took the same pattern as in the newly molt stage,
with blue and faint red color for exo- and
endocuticle, respectively. On the other hand, the
epidermal layer became narrower (36.1 pm)
comparable with the newly molt. It has cuboidal
cells tightly attached to endocuticle and
subcutaneous muscle below.
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Plate 4. Vertical section of a new carapace during an ecdysis, with magnification of 5X (A) and
20X (B). Note the elongate columnar epithelial cells of epidermis (B), and disappearance of
exocuticle (A) as well as the wrinkled of the new cuticle (A)

Lo i A D

Epicuticle

<: Exocuticle

<:' Endocuticle

Epidermis

o S

(A)

(8)

Plate 5. Vertical section in soft new carapace during newly molt stage showing four layers of
carapace wall (with magnification power of 5X (A) and 20 x (B)
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Plate 6. Vertical section in new rigid carapace during recently molt stage showing all 4 layers
with 10 X (A) and 20 x (B) magnification power

4. DISCUSSION

Changes in integument reflect, more than
other tissue, the periodic regulated growth
that taking place in the crustaceans during
molting [3]. During molting cycle, the cuticle
changes dynamically in two main aspects:
(1) the thickness of the cuticle, which
depends on the number of cuticular sub-
layers; and (2) the deposition of the organic

and inorganic components in the cuticle
certain stages [5]. Therefore, the main
components of the cuticle include both

inorganic and organic materials in a ratio of
60:40 [4,6]. The inorganic materials found in
the cuticle include calcium, chloride, copper,
magnesium, manganese, phosphorus,
potassium, and sulfur [3,6,5,7,8,9,10].
While as the organic materials include
lipids, glycoproteins, proteins,
glycosaminoglycans, mucopolysaccharides,
carbohydrates, and chitin [3,5,9,11,12,13,
14,15,16].

The results of the present study indicated
that the wall of carapace during the
intermolt stage is relatively thick, rigid and
forms a well completed cuticle. The cuticle
consists of four distinctive layers above

epidermal (Malpighian) layer. These layers
are noncellular, composed mainly  of
lipoproteins, arranged from the outer to the

inner surface as: epicuticle, exocuticle,
endocuticle and membranous layer. This
structure is in  well agreement with
previously mentioned by [1,2,3,4,17,18].
The exocuticle was the widest, because it
contains calcium carbonate and the
thickness of epicuticle was the narrower,

may be due to it lacks calcium carbonate.
While as the epidermal layer composes of
cuboidal epithelium, with large deep blue
color concentric nucleus. Their small size
may reflect inactivity during this stage which
is in agreement with [18,19,20]. These
results also showed that, during this stage
both the reinforcement of the cuticle and the
condensation of the epidermis tissues
continue to a maximum, accompanied by a
gradual reduction of lacunar spaces and
conspicuous tissue growth.

By the onset of the premolt, remarkable
changes were observed in carapace wall
denoting to increasing internal  activity
during this stage. This stage was
characterized by a clear apolysis occurred
between the old endocuticle and a new



cuticle beneath, which appears gradually
above the membranous layer. The cuticular

layers of the old cuticle were
morphologically differentiated by the
appearance of striated myofibrils and
disappearance of membranous layer. The

exocuticle was very close to the epicuticle
and has typical alternating light and dark
lamellae. It has blue color with hematoxylin,
may be due to the presence of organic
components especially, lipids and protein,
which constitute the major components of
the epicuticle. Exocuticle was also the
widest, and represented about 42.0% % of
all cuticular thickness. The inner borders of

both  endocuticle  and epicuticle have
condensed or compact fibrils, but showed
loosely or slightly separated fibrils towards
the outer borders due to beginning of
reabsorption of minerals from the old
cuticle. When morphogenesis has been
completed, a very thin new cuticle is

secreted on the surface of new epidermal
structures, while a gap (an apolysis) was
appeared between the old and the new
cuticle, increased with the advances of the
stage. At the same time, an endocuticle
layer had been observed in the new cuticle
which is similar with that mentioned by [21].
These results are also in agreement with
that mentioned by [1,17,21,22]. On contrast,
[19] and [23] stated that, the formation of an
exocuticle was firstly begun at the same
stage, which may be called for the previous
endocuticle. However, the membranous
layer was thin (6.9 ym) and tightly attached
to the Malpighian layer. The cells of the last
layer were also cuboidal, with large deep
blue color concentric nucleus. The thickness
of this layer averaged 45.2 pm, indicating to
their high activity, which agrees with those
mentioned by [17,19].

On the other hand, during ecdysis the
molting process takes normally a few
minutes [1,2,21]. The presence of pre-
ecdysal or an old carapace (exuviae)

comprised epi-, exo-, and endocuticle only
and postecdysal or new carapace were
found. The separation between each may
be attributed to the reabsorption of
biominerals particularly calcium carbonates.
The thickness of these layers decreased
remarkably comparable with the previous
stage, but the vertical canals of tegumental
gland were extending through the exo- and
endocuticle. In crayfish, it is initiated by
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flexing movements, followed by a dorsal
rupture of the cuticle between the
cephalothorax and the first abdominal
segment.  Subsequently, the crayfish sheds
also the anterior parts of its exuviae or old
carapace and a new carapace appears, SO

that a new molting cycle begins. These
findings are in agreement with those
mentioned by [1,18,24].

However, during newly molt and
immediately after an ecdysis, the cuticle
was thin and wrinkled, and the body is

completely soft ascertained by probing with

delicate forceps [21]. Microscopic
examination revealed that a spongy
epidermal tissue structure with numerous

large and irregularly shaped lacunar spaces
was found. The epidermis of this stage was

highly active, and characterized by the
occurrence  of an  elongated columnar
epithelial cells, have semi-oval nucleus,

located at either the mid- distance, or tend
to be slightly found at the basal half of the
cell. Whereas the cuticle in recently molt,
becomes more rigid, and the epidermal
tissues begin to concentrate along the inner
surface of the -cuticle. It was obvious that,
these results are in full agreement with [18].

5. CONCLUSSION

The histological examination of cuticle in P.
clarkii during molting cycle showed changes in
cuticle structure and number of layers, during
intermolt stage, carapace integument composed
of four distinctive layers, they arranged from the
outer surface to inner side as: epicuticle,
exocuticle, endocuticle and membranous layer,
respectively. These layers changes in thickness,
number and shape of epithelial layer during
molting stages. The most obvious event arises in
premolt stage (apolysis) a separation between
old cuticle and new one. All these changes could
be used as criteria for molt staging in this species
beside morphological characteristics in purpose
of agriculture.
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