
APPENDIX. 

THE ANATOMY OF THE COMl'.ION .",'OLEN OF THE CHILKA LAKE.­
? ,A DWARFED FORM OF S. FOIVESI DUNKER. 

By EKENDRANATH GHOSH, Jf.Sc., Asst. Professor 0/ Biology, 
Iv! edical College, C alc~ttta. 

The anatotny of Solen fonesi has been described briefly by Bloolner I, but he gives 
few details of the internal structure and does little tuore than compare the foot, 
mantle, etc., \vith those of S. vagina. No detailed account of S. vagina is available 
in Calcutta and there are no specimens in spirit in the Indian Museum. It has there­
fore seemed best tuerely to describe the different organs of the form fronl the Chilka 
I~ake and leave it to other malacologists more favourably situated as regards litera­
ture and luaterial to decide whether the identification is correct. 

In one point this form differs luarkedly from that described by Bloomer, viz., in 
the entire absence of pigment on the external surface of the foot and Inantle. 

SHELL. 

Shell thin, translucent, very brittle, with a brownish epidermis, corroded in its 
upper anterior portion (upper anterior quadrant), length about three and a half times 
the breadth; anterior margin straight and directed from above a little forwards, with 
a rounded antero-inferior angle; posterior margin straight and nearly vertical; a 
single narrow elongated umbonal tooth just behind the antero-superior margin in the 
right valve. 

Anterior adductor impression elongately triangular, with the base oblique and 
directed in front; anterior retractor impression small, rounded and just below the 
anterior end of the anterior adductor impression. Posterior adductor impression 
small, rounded, just a little in front of the postero-superior angle; posterior retractor 
impression rounded, of the saine size as that of the posterior adductor and placed 
just in front of the latter. 

ANATOMY 

In preparing the following description I have had recourse to the following 
methods :-

(I) Two relatively large specimens have been dissected; the structures have been 
followed with the naked eye and with the help of the dissecting microscope. 

(2) Three medium-sized specimens, taken out of their shells, have been dehydrat­
ed in absolute alcohol, and cleared in clove oil. The mantle-lobes, gills, and the 
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labial-palps of one side were then removed and the animal was examined under a 
low po,ver. The coils of the intestine} the ganglia, sonle of their cOlnlnissnres, ano 
the general outline of the kidneys were we111nade out by this Inethod. 

(3) Lastly, a cOlnplete set of serial sections ,vas cut by the paraffin Inethod fro111 
one end of the animal to the other, and stained as usual. The arrangement and the 
relation of the various structures made out in the serial sections were cOlnpared with 
the results obtained by other methods. 

1. MANTLE-LOBES. 

The anterior margins are thick and straight and run a little forwa.rd from above; 
they are separate from one another in their fu111engths so as to leave an oval gap for 
the foot. The separation extends beyond the antero-ventral corner for a short dis­
tance as a rounded notch. The ventral margins are united and thic~ened) although 
less so than the free anterior borders. The posterior margins are thickened and 
united to form a single siphon containing both the inhalent and exhalent canals. 
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FIG. I.-Solen? jonesi, Dunker. 
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. I. al~terior addt1ct~r muscle; 2. posterior adduct.or ~uscle; 3. posterior retractor muscle; 4. stomach; 5. liver; 
6. l11~estme; 7· pylonc cae~um; 8. r~ctum; 9. ~lll (mner); I~. hear~; I I. kidney; 12. pedal sinus; 13. pedal 
ganglIon; 14. cerebral ganghon; 15. visceral ganghon; 16. remams of sIphons after autotomy. 

II. SIPHON. 

The siphon consists of the fused inhalent and exhalent canals. When complete 
it consists of at least ten segments, each of which is wider at the base than at the apex. 
Each segment is at its distal border fringed with small conical tentacles, about 20 in 
number and arranged in a single row (see text-fig. 5, p. 354). When complete and fully 
extended, the siphon reaches a length nearly equal to that of the animal in the shell. 
When fully retracted and when a part has been thrown off the siphon lies very 
slightly protruded from the posterior border of the mantle-lobes. In the retracted 
state, the distal segnlent is less contracted than the others, forming a tumid rounded 
border bounding the inhalent and exhalent apertures. The tentacles are retracted 
and turned inwards towards the apertures. 

Minute struct1{,re (figs. 2, 3).-In a transverse section, the siphon consists of a 
thick wall with a transverse band separating the apertures (text-fig. 2). 
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The wall consists of the following layers :_ 

( I) 

(l) 

(3) 

( .. ) 

An outer layer of CUlUlllll<l r Cl'll~ ~i tua h:d 011 a distinct baSell1l'11 t tHl'ln bralll'. 

A thick layer of connective tissue with 111<l.UY elastic fibres and connective 
tissue corpuscles. The 
fibres are mostly arranged 
circularly and radially in 
narrow bundles at regular 
intervals. They are conti­
nued in to the next layer. 

A thick longitudinal layer of' 
muscles fibres grouped into 
radial bundles by radial 
and longitudinal partitions 
of connective tissue which 
extend from the second 
layer to the next. The 
nluscular layer is divided 
into an outer and an inner 
portion by a thin circular 
layer of connective tissue 

FIG. 2.-S()lel't ? /()1tcsi, Dunker. 

Transverse section of the wall of the siphon. 

1. outer epithelial lining; 2. outer layer of conuective 
tissue; 3. longitudinal layer of muscles; 4. transverse layer 
of muscles; 5. longitudinal layer of muscles: 6. epithelial 
lining of the inhalent tube of the siphon; 7. part of transverse 
partition. 

fused with the radial ones at their points of crossing. This thin layer of 
con nective tissue is united on both sides by a thin layer of the same tissue, 
\vhich fonus the tuiddle of the thick transverse partition between the 
inhalent and exhalent canals. At the 
junction of the two lie two blood-sinuses, 
one on either side. On ei,ther side of 
this median layer lies a narrow longitu­
dinal layer of muscular tissue con tin u­
ous with the inner portion of the longi­
tudinal layer of muscular fibres in the 
wall of the siphon. 

A thin layer of connective tissue which is 
interrupted at the junction of the outer 
wall of the siphon with the transverse 
partition. In this layer and abutting 
011 the next outer 111uscular layer are 
blood-sinuses and nerves disposed in the 
following luanner :-1'he blood-sinuses 
are 4 ill nUlllber---two lateral already 
referred to, and one in the Iuid-dorsal 

:~ 

FIG. 3.-:-Solen ? jonesi, Dunker. 

f,ongitudinal section through wall of siphon 
at junction of two contiguous segments. 

I. outer epithelial lining; 2. outer layer 
of cOllnective tissue; 3. longitudil1al layer 
of lUuscles; ~. inner longitudinal layer of 
muscles; 5, inner epithelial lining; (). radial 
layer of muscles. 

and one in the 111id-ventral1ine. The nerves are 12 ill number J three on 
each side of the inhalent and three on each side of the exhalent aperture. 
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(5) i\' thin layer of transverse muscle-fibres surrounding the inhalent and exhalent 
canals. This layer is nluch thicker in the situation of the transverse 
partition than in the wall of the siphon. 

(6) A thin layer of longitudinal muscle fibres. 
(7) A thin layer of transverse muscle fibres. 
(8) A layer of columnar epitheliallining of the inhalent and exhalent canals. 

The structure of the wall of the siphon at the junction of the contiguous seg­
l11ents (text-fig. 3) differs from that of the wall of the segments themselves in the 
following particulars:-

(1) The wall is much narrowed down. 
(2) The connective tissue layer beneath the outer epithelial lining has disap­

peared. 
(3) The inner thin transverse layer of lnuscles is absent. 
(-1-) A radial layer of nluscle fibres pass from beneath the outer epitheliallining 

inwards to the epithelium lining the apertures. 

The process of autotomy which occurs in the siphonal tube between the con­
tiguous segments thus seems to be due to the vo]untary contraction of the radial 
nluscles which cut through all the other layers of the body-wall, thus separating one 
or l110re distal segments from the proxil11al portion of the siphon. Even in the case 
of spirit specil11ens the seglllents can be easily separated from one another. 

III. FOOT. 

The foot is elongated and cylindrical, and is a little flattened from side to side; 
it is incapable of retraction within the mantle-lobes. The organ is stouter towards 
the apex than towards the base, ,;yhere it forms a distinct rounded annular swelling 
and still further a conical process at the tip. When fully protruded, the foot has its 
length a little less than that of the body (lnantle-lobe). There is a wide pedal-sinus 
along the middle of the foot. 

IV. LABIAL PALPS. 

The labial palps are shaped like an obtuse-angled triangle, the longest side of 
which is a little curved and forms the lower border of the organ. The' shortest side 
of the triangle is attached to the side of the visceral mass at its junction with the 
l11antle-Iobe. The measurements of the palp-luargins (in a specimen 2'5 cm. in length) 
are 0'45,0'3, and 0'2 em., respectively. 

V GILLS. 

The gills are narrow and elongated; their posterior ends are slightly prolonged 
into the base of the inhalent canal. The outer gill extends from the postero-inferior 
angle of the labial palp; the inner gill extends further forwards, and begins from 
behind the postero-superior angle of the palp. This anterior portion of the inner 
gill is overlapped by the paips. 

The attachluellts of the gills are best described in a table: 
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Outer gill. 
Outer laluclla 

Inuer lamella 1 
Inner gill. 

Outer latuella J 
Inner lanlella 

VI. DIGESTIVE SYSTEM. 

.\ttacheo to the tnantle-Iobe, the non-glandular portion 
of the kidney and to the glandular portion behind the 
visceral l1laSS; to the nOll-glandular portion at the level 
of the visceral ganglia, and lastly to the luantle-Iobe 
again. 

Attached to the under-surface of the non-glandular portion 
of the kidney, and to the glandular portion posteriorly. 

Free; beyond the visceral ganglion attached to the inner 
latuella of the opposite inner gill. 

The transverse slit-like mouth lies just behind and towards the ventral aspect of 
the anterior adductor muscle. 

The oesophagus passes horizontally backwards to end in the stomach. Beneath the 
ventral aspect of the anterior two-fifths of the oesophagus is a space bounded below 
by the base of the foot, laterally by the labial palps, and behind by the visceral 
mass. Just behind the upper and lower lips of the mouth the oesophagus has a 
cuticular lining continuous with a similar, but less prominent, lining of the stolnach. 

The stomach is elongately pyriform in shape, and is rounded posteriorly. Behind 
and from its ventral aspect is given off a hollow tubular structure, the pyloric coecum, 
which descends into the visceral mass. The pyloric coecum passes to the right side 
lying on the inner side of the right wall of the visceral mass. It then curves forwards 
and passes to the front, lying still on the right side and parallel to the coil of the 
intestine. It then crosses the middle line and passes to the left side where it ends 
blindly at a point about midway between the junction of the two anterior loops of 
the intestine and the junction of the foot with the visceral mass. The position of 
the pyloric coecum varies slightly with the condition of the foot as regards its con­
tractility. When the foot is fully extended, the coecum lies at the same level with the 
lowest loop of the intestine, but when it is more or less retracted, it lies above the loop. 

The intestine begins from the ventral aspect of the stomach just in front of the 
origin of the pyloric coecum. It passes forwards and a little downwards along the 
right side of the middle line and curves down wards and then backwards in front of 
the base of the foot. It then runs backwards along the left side of the middle line and 
then bends upwards lying on the inner side of the first loop. It then takes another 
curve and passes a little forwards and then suddenly turns backwards and again 
downwards and forwards, and passes on straightly forwards crossing the middle line 
to the right side into the foot to the junction of its anterior two-thirds and posterior 
one third, where it bends downwards and backwards beneath the pyloric coecum. 
Lastly the intestine curves round the posterior end of the stomach to reach the pos­
terior portion of the dorsal aspect of the latter and then curves out of the visceral 
Dlass to enter the pericardia! chalnber and form the rectum. 
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l'he re,,'tltlJl as usual passes through the ventricle in the pericardial chamber over 
the posterior adductor muscle to end in the anus. 

The liver surrounds the stolnach. Ventrally it extends beyond the first loop of 
the intestine to the dorsal aspect of the pyloric coecum. Anteriorly it extends to the 
close coils of the intestine. 

VII. NERVOUS SYSTEM. 

The cerebral ganglia are fusifornl in shape, and are placed obliquely on the side 
of the gullet, the posterior lower end lying just behind the groove at the base of the 
foot. Each ganglion lies just above the junction of the inner and outer lamellae of 
the outer and inner labial palps. 

The cerebral ganglia are joined to one another by an intercerebral connective lying 
transversely over the oesophagus as usual. 

The cerebra-pedal commissure passes downwards just behind the junction of the 
foot with the visceral mass and joins the pedal ganglion of the same side. The 
direction of the cord varies according to the condition of the foot; when the foot is 
fully extended, the cord is directed downwards and forwards from the cerebral gang­
lion, but it is directed downwards and backwards when the foot is retracted. 

The cerebra-visceral co'mmissure passes backwards lying just above the attachment 
of the inner and outer lamellae of the outer and inner labial palps. As it passes 
backwards it penetrates the wall of the visceral mass obliquely and comes to lie on 
the inner side of the w'all at the anterior end of the gills. It runs backwards I 
lying along the attachment of the gills, and is gradually displaced upwards till it 
comes to lie on the inner side of the kidney between it and the wall of the visceral 
mass beyond the posterior loop of the intestine. It then comes to lie beneath the 
kidney towards its outer side. In its further course it is gradually displaced towards 
the inner side and lies between the kidney and the posterior retractor muscle of the 
foot. Lastly the two cords lie side by side till they end in the visceral ganglia. 

The pedal ganglia are closely applied to one another, lying in the middle line 
towards the dorsal aspect of the foot at its base a little in front of the mouth. When 
the foot is retracted, the ganglia recede backwards and conle to lie considerably 
behind the cerebral ganglia. Three nerves can be followed froln each pedal ganglion: 

(I) Passes horizontally forwards and divides into two branch es which can be 
traced beyond the middle of the foot. 

(2) Passes obliquely forwards and downwards to the middle of the foot. 
(3) Passes downwards and a little forwards towards the ventral aspect of the foot. 

The visceral ganglia are closely applied to one another and are placed between 
the two posterior retractors of the foot and beneath the rectum. The ganglia are 
displaced forwards from the posterior adductor muscles. The two posterior pallial 
nerves can be traced to the undersurface of these muscles. 

VIII. V ASCULAH SYSTEM. 

The pericardial Chal1'lbcr is elongated, and is luuch narrowed down and cOlupressed 
posteriorly over the rectulll. 
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The Itcart occupies the allterior half of the pericardial chamber, the vClltrZ"c1e 
corresponding to the posterior l'1ld of thl' last intestinal lool' in the visceral lllass. 
The l'en/ride is fusifofln in shap~. The two allf/'des are trapezoid in shape; of the 
two parallel sides, the shorter one is attached to the ventricle and the longer one to 
the base of the gill. 

IX. EXCRETORY SYSTEM. 

Each kidney is U-shaped with the loop placed posteriorly. The glandular portion, 
lying beneath the pericardium, begins at a point behind the middle of the ventricle. 
In the first part of its course the kidney is tubular and narrow and is placed on the 
dor~lateral aspects of the non-glandular portion and the visceral Inass just above 
the attachnlent of the gills. It then suddenly widens out into a bulbous portion, 
pushing the gills downwards and outwards and lying on the outer side of the non­
glandular sac and on the dorsa-lateral aspect of the hindermost portion of the visceral 
mass and the ventro-Iateral aspect of the rectum, both the two latter structures 
being applied to the glandular sac. A.nteriorly the bulbous portion is crescentic in 
transverse section, the concave side being placed on the dorso-Iateral aspect of the 
hindennost part of the visceral mass and the cerebro-visceral nerve cord. Just be­
fore the formation of the posterior retractor muscle of the foot, the bulbous portion 
widens out more on the inner aspect and cOlnluunicates with the opposite one through 
the inter-renal aperture. ~\t this point the bulbous portion surrounds the rectum 
on its ventral and lateral aspects. Gradually the inter-renal aperture widens out, 
while the glandular sac surrounds the rectum more closely and completely. The 
pericardia I chamber is much narrowed down and flattened out, occupying the dorsal 
aspect of the rectum. The glandular sac now recedes from the rectum and is dis­
placed ventral-wise by the interpolation of the two posterior retractor muscles which 
lie by the side of the middle line, being separated by a median vertical partition 
extending frotn below, where two glandular portions meet at their inner borders to the 
aide of the rectum above, to end in the mantle-lobe. Lastly the glandular portion 
becomes narrowed down again and ends in the non-glandular portion by a small nar­
lOW slit. 

From the dorsal aspect of each of the two glandular sacs where they communi­
cate with one another at their ventral aspects, a diverticulum is given off, which 
passes backwards for a short distance surrounding the ventral and lateral aspects of 
the rectum, the dorsal aspect being occupied by the pericardial chamber. 

The non-glandular portion is very wide at its origin at the level of the visceral 
ganglia, occupying the whole width between the attachments of the gills on either 
side. It extends a little backwards beyond the posterior end of the glandular sac. 
As it runs forwards, it occupies the outer side of the glandular sac and is gradually 
displaced, at first to the ventral and lastly to the inner sick of the glandular sac, 
separated froln each other at this place by a wide interval. The non-glandular sac 
extends a little beyond the glandular sac at its anterior end. 
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X. REPRODUCTIVE SYSTEM. 

The gonads form irregular branching lnasses beneath the dorsal wall of the foot in 
its anterior two-thirds and both along the lateral and the dorsal aspects in its poste­
rior one-third; the lateral group passes upwards to the ventral aspect of the gullet 
and extends backwards to the anterior end of the liver. The mass extends backwards 
on the inner side of the lateral walls of the visceral mass in the middle third of its 
lower half on the outer side of the coils of the intestine. Posteriorly behind the 
liver and the coils of the intestine, the gonads are more numerous and nearly fill the 
cavity of the visceral mass. 


