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STUDIES ON THE SHRIMP CARIDINA LAEVIS HELLER
VI. THE INTEGUMENT

By R SRIDHARAN PILLAI*
Department of Zoology, University College, Trivandrum

THIS paper dedls with the structure of the integument in Caridina laevis. The various
othtt)ar i<,?3/gt2e;rns of the animal have aready been published (Pillai, 1960 a, b; 1961
a, b; .

METHODS

The integument freed from body wall by maceration overnight in water was used
in this study. The differentid staining reaction based on the difference in the iso-
eectric points of the component parts of the cuticle was carried out (Loeb, 1922).
The presence of chitin was determined by the chitosan-iodine colour test (Richards
1951). Thin microtome sections of the integument were stained in Safranin-Light
Green and in Mallory's triple stain.  Tegumental glands and the epidermis were
studied tc?/ the help of sections stained in Heidenhain's haematoxylin, Heidenhain's
Azan and Mallory's triple stain.

INTEGUMENT

The component parts of the crustacean and insectan integument have received
different names. Wigglesworth (1933) has recog{nised two regions in the insectan
integument which is applicable to the entire phylum, an outer layer without chitin
(epicuticle) and an inner layer with chitin (procuticle of Richards (1951)).

The thickness of the cuticle varies in the different regions of the body.
It measures about 4 /. in thickness in freshly moulted animals to 20 fi in
some ovigerous femaes. The intertergal arthrodial membrane is less than 0.5 /i.
The cuticle indde the foregut viz., the ssomach is about 3 ~ thick.

Epicuticle

This layer has been shown to be digtinct from the underlying layer by the help
of gtaining reactions in Crustacea (Yonge 1932) and by X-ray diffraction studies
in insects?Fr%nkel and Rudall, 1947). e epicuticle in Caridina, where detectable
is an extremdy thin layer, about a fraction of a micron thick. It has not
been possible to demondirate the epicuticle throughout the integumental surface by
either chemica or staining reactions. Where it is demonstrable are usudly regions
of comparatively heavy deposition. These are ea@ molar surface of the mandible
(12 to 14 fi thick) (ii) posterior surface of the head of the mandible (3 fi thick) iii%
outer side of the molar process (1.5 fi thick) and (iv) apex of the rostral spines (0.
to 0.5 /A).
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Procuticle

The procuticle has a laminar structure being composed of aternate light and
dark bands having different refractive indices. e laminae are clearly seen when
mounted in glycerine. It is comg of two sheets, an outer and an inner, both
(T:nvmg the Prussian blue and redaish brown colour by the method of Loeb (1922).
t is not clear whether these correspond to the exocuticle and the endocuticle.  The
outer layer stains a shade deeper blue than the inner in Mdlory's triple stain.  This
region of the cuticle is podtive to chitosan-iodine colour test.

Meanin is not demonstrable in the cuticle by the Dublin application of the
Bodian method (Glick, 1949). The presence of free tyrosine could not be established
either, by the Millon reaction. This condition recalls dosdy that in the fairy shrimp
gI_DenneI, 1947) where the process of tanning is restricted to the tip of the mandibles.

he presence of cacium has been demonstrated inside the procuticle by the follow-
ing way. Cuticle removed from the body wall was treated with 4 % sulphuric acid.
Monoclinic crystas of cacium sulphate were detected under the microscope.  Von
Kossa slver test (Glick, 1949) adso gave poditive resultsfor cacium in the outer layer
of the procuticle.

Pore canals

Pore canals are minute vertica ducts ingde the procuticle and are as Ionﬂ as the
cuticle is thick. Because of their digtinct stainability and refractibility, they are
clearly seen indgde the procuticle in cut material. Each condds of a saries of dis
continuous rods which take up nuclear dyes as has been observed in other
arthropods (Braun, 1875 in Astacus fluviatilis and Wigglesworth, 1948 in Tenebrio).
The contents of the pore cands are negative to tests for chitin. The densitg of dis
tribution of the pore canals varies in the different parts of the body. From the
cuticle of the coxa of the waking leg of a femde specimen, an average of 34 pore
canals have been counted in an area 5 ft square. They were aso observed
in the cuticle of the foregut and hindgut.

Setae

Two types of setee are distinguishable, mechanica and sensory. Mechanica
stee are abundant indde the stomach. These are unjointed and nonplumose.
Whether these are epicuticular or chitinous in nature could not be ascertained as
some show_definitdy an epicuticular nature and a few show a chitinous nature of
staining. Sensory Setee are numerous and have a very wide distribution. A few
types have been recognised as follows.  Spines afe abundant as those on the rostrum
and dsawhere with an inner core of living tissue. The condtricted setae found in
between the rostral spines are long and filiform with a basal congtriction.
One microtrichium enters the core of this. A modification of this is the jointed
plumose seta, very characterigtic of the %Jpendages Here the proxima portion
represents a node upto where only the epidermal cdls extend. The ovigerous setee
f?”? neither ]%II nted nor plumose ; they are much longer and have a longer core of
iving material.

EPIDERMIS

The epidermis is unilaminar ranging from 4 to 14 //. in thickness. The cdlsare
cuboid in section and haaonal in surface view. Nucle are spherical. Larger
nuclel of the undifferentisted embryonic cdls have been observed occasiondly.
In adults no mitosis has been noticed.
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Tegumental glands

Tegumenta glands are comparatively fewv and sunk deep in the dermis. The

land proper measures about 43 /x in length and 14 fi across. Theduct is about 20
1 in length. The gland conssts of about 35 to 40 cdls which do not ssem to be
arranged in a layer as in the rosette glands of other crustaceans but form an ovoid
meass S0 that an internal lumen is not clearly seen.  The long duct appears to be com-
POﬁlj‘l of about 2 or 3 cdls, judged from the number of nucel arranged aong its
ength.

CHROMATOPHORES

The chromatophores are binucleate, the nuclel appearing as two refractile bodies
under the phase contrast microscope. The pigments are of two types, dark
and white. The dark ones condtitute red and brown pigments. In many places,
during their maximal disperson they tend to look aike. The second t?/pe is the
white or reflecting pigment which, drictly, is of a faint golden ¥d|w colour in re-
flected light and date grey and dightly Oanue in transmitted i%ht. Both mono-
chromatic and polychromatic chromatophores are observed. The following are
the types of chromatophora pigment combinations :

1. Monochromatic red.

2. Monochromatic brown.

3. Monochromatic reflecting.

4. Dichromatic red and brown.

5. Dichromatic reflecting and 6. Trichromatic reflecting, red and brown.

The monochromatic and dichromatic chromatophores are more abundant although
di- and trichromatic chromatophores are characteristic of Caridea (Knowles and
Calide 1956).

Red chromatophores are most conspicuous and are distributed along the an-
tennule, branchiostegite, posterior two-thirds of the abdominal terga and the tail fan.
The brown chromatophores are less conspicuous and are interspersed among the
red. The reflecting pigments are scarce and are distributed scantily on the rostrum,
anterior aspect of the eye stalk, joints of pereiopods, branchiostegite, median hind
end of abdominal terga and the tail fan. cept for the white, atendency has been
noticed for like chromatophores to aggregate.

A blue pigment, noticed aways in association with thered, is not lodged within the
chromatophoral body and hence is not included under the chromatophora pigments.
That a blue pigment diffusss outwards from the red and that it is biochemicdly
related to the red was shown by Keeble and Gamble (1904).

Specimens of Caridina adapted to darkness and those with extirpated eye stalks
have been obsarved to be in the same state of chromatophoral dispersion. The red
and brown chromatophores get completelhl dispersed and lichen-shaped. The dis
persion of the brown is more thorough, the chromorhizae are longer and the inten-
Sty of colour lesser. These measure about 250 fi across. The red ones a their
maximal disperson are not more than 120 /A. In the dichromatic red and reflecting,
the red pigment which is placed above the other is done dispersed, ther
chromorhizae restricted to one or two sdes.  The reflecting pigment is concentrated
to form a centra golden yelow spot. The disperson of the dark pigments in a
light-adapted animal commences within 20 minutes after the extirpation of the eye
stalk. ge dispersion of the brown pigment is quicker than the red.
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When a dark adapted animal is exposed to strong sun light, the dark peiﬂments
concentrate and the reflecting pigments disperse.  The dispersion of the reflecting
pigment is rather quick, it takes only 7 to 10 minutes. The dispersed reflectin
pigment has a centra disc from where narrow chromorhizae arise and en
In alanceolate fashion. These measure about 150 /* across.

SUMMARY

The integument of Caridina laevisis very thin, an epicuticular layer is not de-
monstrable throughout the surface. Cacium sdts are gresent but not free tyrosine
or melanin.  Tegumenta glands are scarce and smdl.  Sx chromatophoral pigment
combinations have been o ed.

ACKNOWLEDGEMENT

The author wishes to express his indebtedness to Dr. K. Bhaskaran Nair, Pro-
fessor of Zoology, Universty College, Trivandrum. This work was carried
out during the tenure of a Government of India Research Scholarship in the Depart-
ment of Zoology, University College, Trivandrum.

REFERENCES

BRAUN, M. *1875. Uber die histologische Vor%ange bei der Hautung von Astacus fluviatilis.
Arb. Zoolzootom. Inst. Wurzburg, 2: 121-126.

DENNEL, R. 1947. The occurrence and significance of phenolic hardeni n% in the newly formed
cuticle of Crustacea, Decapoda. Proc. roy. Soc. London, 134 : 485-503.

FRAE’l\IflEiz’lSG' AND RUDALL, K. M. 1947. The structure of the insect cuticles. lbid., 134:

GLICK, D. 1949. Techniques of Histo-and Cytochemistry. New Y ork.

KEEBLE, F. W.,, AND GAMBLE, F. W. 1904. The colour physiology of higher Crustacea Phil.
Trans, roy. Soc. London, 196 : 295-388.

KNOWLES, F. G. W. and CARLISLE, D. B. 1956. Endocrine control in Crustacea. Biol. Rev.,
31:396-473.

LOEB, J, 1922. Proteins and Theory of Colloidal Behaviour. Mc Graw Hill, New Y ork.

PILLAI, R. S. 1960a Studies on the shrimp Caridina laevis. | The Digestive system. J. Mar.
biol. Ass. India, 2 : 57-74.

———. 19606. Studiesontheshrimp Caridinalaevis. 1. Reproductive system. Ibid., 2: 226-236.

. 1961« Studies on the shrimp Caridina laevis. 1ll. Respiratory system. Ibid, 3:

137-145.
. 19616. Studies on the shrimp Caridina laevis. 1V. Neurosecretory system. |bid.,

3:146-152.

e, 1962 Studieson the shrimp Caridina laevis. V. Excretory system. lbid., 4.

RICHAlRDS, A. G. 1951. The Integument of Arthropods. University of Minnesota Press, Minnea-
polis.

WIGGLESWORTH, V. B. 1938. The physiology of the cuticle and Ecdysis in Rhodniusprolixus,
with specid reference to the function of oenocytes and of the dermal” glands.  Quart. J.micr.
i, 76: 269-318.

. 1948. The structure and deposition of the cuticle in the adult male worm, Tenebrio
molitor. Ibid., 89: 197-217.

YONGE, C. M. 1932. On the nature and permeability of chitin. 1. The chitinlining and foregut
gfz%%c%ogg Crustacea and the function of the Tegumental glands. Proc. roy. Soc. London,

*Not referred to in original.



