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CUTICLE STRUCTURE IN Porcellio EMBRYOS AND MANCAS
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INTRODUCTION
Crustacean exoskeleton is a chitin-based extracellular matrix, produced by the hypodermal epithelium during embryogenesis
and during molting. Cuticle synthesis implies extensive polarized secretion at the apical side of epithelial cells and
sequential elaboration of cuticular layers. The knowledge on cuticle differentiation during embryonic development derives
mainly from studies on the fruit fly Drosophila melanogaster (Moussian, 2010). Insect and crustacean exoskeletal cuticles
share some common features regarding overall cuticle architecture and chitin-based structural framework, but on the other
hand differ considerably in composition. Data on terrestrial crustacean cuticle differentiation during embryonic development
are very scarce. To our knowledge only one peracaridan species has been studied from this respect recently (Havemann et al.,
2008). In this study we report on ultrastructural characterization of the exoskeletal cuticle in three developmental stages
within the brood pouch of isopod crustacean Porcellio scaber females (Fig. 1, 2, 3).

MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
Mancas molt inside the brood pouch and here we present ultrastructural data on
degrading and newly assembling cuticles in marsupial manca (Fig. 6).

REFERENCES
• Havemann J., Müller U., Berger J., Schwarz H., Gerberding M., Moussian B. (2008). Cell 
Tissue Res 332(2): 359-370.

• Milatovič M., Kostanjšek R., Štrus J. (2010). Journal of Crustacean Biology 30(2): 225-235.
• Moussian B. (2010). Insect Biochemistry and Molecular Biology 40: 363-375.
• Wolff C. (2009). Dev Genes Evol 219: 545-564.
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Fig. 1: P. scaber late 
embryo, surrounded by 
the vitelline membrane.

Fig. 2: P. scaber
prehatching late embryo, 
swelled inside the 
vitelline membrane.

Fig. 3: P. scaber marsupial 
manca, already hatched 
from the vitelline 
membrane.

Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.
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Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
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degrading and newly assembling cuticles in marsupial manca (Fig. 6).
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Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.
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Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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hand differ considerably in composition. Data on terrestrial crustacean cuticle differentiation during embryonic development
are very scarce. To our knowledge only one peracaridan species has been studied from this respect recently (Havemann et al.,
2008). In this study we report on ultrastructural characterization of the exoskeletal cuticle in three developmental stages
within the brood pouch of isopod crustacean Porcellio scaber females (Fig. 1, 2, 3).

MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
Mancas molt inside the brood pouch and here we present ultrastructural data on
degrading and newly assembling cuticles in marsupial manca (Fig. 6).
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Fig. 1: P. scaber late 
embryo, surrounded by 
the vitelline membrane.

Fig. 2: P. scaber
prehatching late embryo, 
swelled inside the 
vitelline membrane.

Fig. 3: P. scaber marsupial 
manca, already hatched 
from the vitelline 
membrane.

Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.
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Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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INTRODUCTION
Crustacean exoskeleton is a chitin-based extracellular matrix, produced by the hypodermal epithelium during embryogenesis
and during molting. Cuticle synthesis implies extensive polarized secretion at the apical side of epithelial cells and
sequential elaboration of cuticular layers. The knowledge on cuticle differentiation during embryonic development derives
mainly from studies on the fruit fly Drosophila melanogaster (Moussian, 2010). Insect and crustacean exoskeletal cuticles
share some common features regarding overall cuticle architecture and chitin-based structural framework, but on the other
hand differ considerably in composition. Data on terrestrial crustacean cuticle differentiation during embryonic development
are very scarce. To our knowledge only one peracaridan species has been studied from this respect recently (Havemann et al.,
2008). In this study we report on ultrastructural characterization of the exoskeletal cuticle in three developmental stages
within the brood pouch of isopod crustacean Porcellio scaber females (Fig. 1, 2, 3).

MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
Mancas molt inside the brood pouch and here we present ultrastructural data on
degrading and newly assembling cuticles in marsupial manca (Fig. 6).
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Fig. 1: P. scaber late 
embryo, surrounded by 
the vitelline membrane.

Fig. 2: P. scaber
prehatching late embryo, 
swelled inside the 
vitelline membrane.

Fig. 3: P. scaber marsupial 
manca, already hatched 
from the vitelline 
membrane.

Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.

4c4b4a

Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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INTRODUCTION
Crustacean exoskeleton is a chitin-based extracellular matrix, produced by the hypodermal epithelium during embryogenesis
and during molting. Cuticle synthesis implies extensive polarized secretion at the apical side of epithelial cells and
sequential elaboration of cuticular layers. The knowledge on cuticle differentiation during embryonic development derives
mainly from studies on the fruit fly Drosophila melanogaster (Moussian, 2010). Insect and crustacean exoskeletal cuticles
share some common features regarding overall cuticle architecture and chitin-based structural framework, but on the other
hand differ considerably in composition. Data on terrestrial crustacean cuticle differentiation during embryonic development
are very scarce. To our knowledge only one peracaridan species has been studied from this respect recently (Havemann et al.,
2008). In this study we report on ultrastructural characterization of the exoskeletal cuticle in three developmental stages
within the brood pouch of isopod crustacean Porcellio scaber females (Fig. 1, 2, 3).

MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
Mancas molt inside the brood pouch and here we present ultrastructural data on
degrading and newly assembling cuticles in marsupial manca (Fig. 6).
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prehatching late embryo, 
swelled inside the 
vitelline membrane.
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Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.

4c4b4a

Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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INTRODUCTION
Crustacean exoskeleton is a chitin-based extracellular matrix, produced by the hypodermal epithelium during embryogenesis
and during molting. Cuticle synthesis implies extensive polarized secretion at the apical side of epithelial cells and
sequential elaboration of cuticular layers. The knowledge on cuticle differentiation during embryonic development derives
mainly from studies on the fruit fly Drosophila melanogaster (Moussian, 2010). Insect and crustacean exoskeletal cuticles
share some common features regarding overall cuticle architecture and chitin-based structural framework, but on the other
hand differ considerably in composition. Data on terrestrial crustacean cuticle differentiation during embryonic development
are very scarce. To our knowledge only one peracaridan species has been studied from this respect recently (Havemann et al.,
2008). In this study we report on ultrastructural characterization of the exoskeletal cuticle in three developmental stages
within the brood pouch of isopod crustacean Porcellio scaber females (Fig. 1, 2, 3).

MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
Mancas molt inside the brood pouch and here we present ultrastructural data on
degrading and newly assembling cuticles in marsupial manca (Fig. 6).
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Fig. 1: P. scaber late 
embryo, surrounded by 
the vitelline membrane.

Fig. 2: P. scaber
prehatching late embryo, 
swelled inside the 
vitelline membrane.

Fig. 3: P. scaber marsupial 
manca, already hatched 
from the vitelline 
membrane.

Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.
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Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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INTRODUCTION
Crustacean exoskeleton is a chitin-based extracellular matrix, produced by the hypodermal epithelium during embryogenesis
and during molting. Cuticle synthesis implies extensive polarized secretion at the apical side of epithelial cells and
sequential elaboration of cuticular layers. The knowledge on cuticle differentiation during embryonic development derives
mainly from studies on the fruit fly Drosophila melanogaster (Moussian, 2010). Insect and crustacean exoskeletal cuticles
share some common features regarding overall cuticle architecture and chitin-based structural framework, but on the other
hand differ considerably in composition. Data on terrestrial crustacean cuticle differentiation during embryonic development
are very scarce. To our knowledge only one peracaridan species has been studied from this respect recently (Havemann et al.,
2008). In this study we report on ultrastructural characterization of the exoskeletal cuticle in three developmental stages
within the brood pouch of isopod crustacean Porcellio scaber females (Fig. 1, 2, 3).

MATERIALS AND METHODS
Animals were maintained in laboratory culture and staging was performed as
reported in Milatovič et al. (2010). Specimens of Porcellio scaber late
embryos and marsupial mancas were isolated from the brood pouch, fixed,
observed by stereomicroscope (Fig. 1, 2, 3) and then prepared for light
microscopy (LM) and transmission electron microscopy (TEM). Semithin
sections were stained with Azur II-Methylene Blue and ultrathin sections
were contrasted with uranyl acetate and lead citrate. In addition, embryos of
Porcellio dilatatus were fixed and prepared for analysis by scanning electron
microscopy (SEM).

RESULTS AND DISCUSSION
Porcellio scaber ontogenetic development in the brood pouch, from released fertilized
egg to marsupial manca, was described morphologically (Milatovič et al., 2010; Wolff,
2009), but cuticle differentiation was not followed in detail. Here we present
preliminary results of the exoskeletal cuticle ultrastructure in two stages of late
embryos (Fig. 1, 2) and in marsupial mancas (Fig. 3).
Late embryo epidermis is covered by disordered fibrous material, superposed by a thin
dense layer, altogether named embryonic cuticle (Fig. 4). The cuticle of prehatching
late embryos and marsupial mancas was already differentiated in three main layers,
epicuticle, exocuticle and endocuticle, and displayed architecture similar to the cuticle
of adults (Fig. 5, 6).
Mancas molt inside the brood pouch and here we present ultrastructural data on
degrading and newly assembling cuticles in marsupial manca (Fig. 6).
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Fig. 1: P. scaber late 
embryo, surrounded by 
the vitelline membrane.

Fig. 2: P. scaber
prehatching late embryo, 
swelled inside the 
vitelline membrane.

Fig. 3: P. scaber marsupial 
manca, already hatched 
from the vitelline 
membrane.

Fig. 4: P. scaber late embryo. (a) Semithin section of the surface
area. (b) TEM micrograph - higher magnification of the squared
area in (a): embryonic cuticle (EmC) inbetween the vitelline
membrane (Vm) and epidermal cells (Ec).

Further ultrastructural characterization of the exoskeletal and gut-lining
cuticle in earlier embryonic stages is underway in our laboratory to get
insight into cuticle morphogenesis during embryonic development in
crustaceans and to allow comparative analysis with respect to insect cuticle
differentiation.

Fig. 5: P. scaber prehatching late embryo, vitelline membrane is
removed. (a) Semithin section of the surface area. (b) TEM
micrograph - higher magnification of the squared area in (a):
Cuticle differentiated in epicuticle (Ep), exocuticle (Ex) and
endocuticle (En). Cuticular scale (Sc), epidermal cell (Ec).

Fig. 6: P. scaber marsupial manca. (a) Semithin section of the
surface area. (b) TEM micrograph - higher magnification of the
squared area in (a): Epidermal cell (Ec) is covered by newly
assembling cuticle (Nc), ecdysal space (*) and detached cuticle
with layers: epicuticle (Ep), exocuticle (Ex), endocuticle (En).

Fig. 7: SEM micrographs of P. dilatatus late embryo. (a) Overview of
transversally fractured specimen. (b) Higher magnification of the squared area
in (a): fibers between cuticle external surface and vitelline membrane (arrows),
presumably functioning as connective elements. Vitelline membrane (VM),
cuticle (C), epidermis (EP), yolk (Y), lipid droplet (L).
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Figure 6: Tergite cuticle in postmolt adult P. scaber : The EDX spectra
obtained in the surface (6a, specter A) and in the transverse fracture (6b,
specter B) of tergite cuticle show prominent contents of calcium.
Additional principal elements detected are phosphorus and magnesium.

Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based
on chitin-protein fibers. Mature cuticle in adult isopod crustaceans is mineralized
by calcite, amorphous calcium carbonate and calcium phosphate (Becker et al.
2005, Hild et al. 2008, 2009). The cuticle is formed de novo during ontogenetic
development in the female brood pouch - marsupium (Mrak et al. 2012) and
during molting in adults. Calcification is an integrative part of cuticle formation,
but data on calcification of the forming cuticle is very limited.

In this study a combination of microscopic methods was applied to obtain data on
ultrastructure and composition of the exoskeletal cuticle in different
developmental stages of Porcellio scaber marsupial mancae, in comparison to
adult isopod crustaceans in molting period.
Ultrastructure was determined by TEM of glutaraldehyde fixed and resin
embedded tissue ultrathin sections. SEM – EDX analyses were performed in
methanol fixed, air dried and carbon coated specimens. For histochemical
calcified tissues screening paraffin and cryostat sections were used.

AIM
Figure 1: Embryos of Porcellio scaber
develop in marsupium and hatch into
larvae, named marsupial mancae. Further
development of marsupial mancae,
including exoskeleton formation, continues
for approximately one week till release into
external environment.

Figure 3: Early-stage marsupial mancae of P. scaber, soon after hatching from the vitelline
membrane. Exoskeletal cuticle is up to 1 µm thick and differentiated into epi- and procuticle.
3a,b: TEM images of glutaraldehyde fixed, osmicated (3a) and non-osmicated (3b) tergite. 3c:
SEM image of transversely cut manca and positions of EDX analyses. EDX spectra obtained on the
manca surface show calcium and phosphorus peaks in the cuticle (spectra B, C and D). The Ca:P
ratio is < 1 in all spectra. In addition, magnesium was detected in the cuticle. Specter of the
internal tissues does not display Ca and Mg peaks (specter A) .
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Figure 5: Advanced early-stage marsupial mancae of P. scaber. 5a, b: Ultrastructure of the
glutaraldehyde fixed tergites shows main features of adult crustacean cuticle. Three principal
layers, epicuticle, exocuticle and endocuticle with a network of pore canals (arrows) are evident.
5c, d: EDX spectra obtained from the transversely fractured tergite cuticle (5c, specter A) and
surface (5d, spectra B1, B2) show conspicuous calcium peaks, similar as in the cuticle of adults.
Magnesium was detected in the cuticle as well. In all spectra Ca peaks are much higher than P
peaks.
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Figure 4: Histochemical Alizarin red S staining of Porcellio scaber. 4a: In
early-stage marsupial mancae (soon after hatching from the vitelline
membrane), the cuticle (C) is not stained. 4b, c: The cuticles (C) of late-
stage marsupial mancae (4b) and adults (4c) are differentially stained,
intense red staining demonstrates calcified tissue. E – epidermis; m –
muscles.
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Figure 2: In adult isopods the exoskeletal
cuticle is periodically renewed during
molting. The new cuticle is elaborated
underneath the old detached exoskeletal
cuticle.
NC – new cuticle; DC – detached cuticle
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CONCLUSIONS
In early stage marsupial mancae soon after hatching from the vitelline membrane the initial cuticle calcification is indicated as Ca, Mg and P were 
determined by EDX analysis, but strongly calcified tissue was not evident in histochemical staining.
The elemental composition of cuticle in advanced early marsupial mancae is similar to that in adult specimens, with prominent Ca, Mg and P peaks. 
In late stage marsupial mancae histochemical staining  and ultrastructure reveal that exoskeleton is similar to adults.
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