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INTRODUCTION.

Archiannelids have been mostly recorded from the European coasts, especially from
the coast of the Mediterranean. Outside Europe Polygordius ijimae (Izuka, 1803),
Polygordius pacificus (Uchida, 1935) and Saccocirrus major (Uchida, 1933) have been
recorded from Japan; trochophores of Polygordius sp. from Trincomalee (Goodrich, 1900);
trochophores and young ones of Polygordius sp. and Chaetogordius sp.l from Madras
(Aiyar, 1933 and 1935); Polygordius (sp.?) adult (Hilton, 1922) from Laguna Beach,
America; Protodrilus leuckarti from the east coast of North America (Ruebush, 1939) 2
and Saccocirrus sp. from western Canada (Berkeley, 1936). The occurrence of
Archiannelids in the inter-tidal zone of the Madras coast was first observed in 1938 3
during an investigation of the fauna of the sandy beach. This being the first discovery,
to our knowledge, of any adult Archiannelid from the Indian coast, careful search was
made on the beach, resulting in the collection of a number of new forms. Their habitat,
external features and anatomical details have been studied and form the subject matter
of the present paper. The material collected consists of six species of Archianmelids, all
of them new to Science. They have been named Polygordius madrasensis, P. uroviridis,
Protodrilus pierantonit, P. tndicus, Saccocirrus minor and 8. cirratus.

POLYGORDIUS MADRASENSIS, SP. NOV,

The worms are small and slender, 7 to 10 mm. long, rarely 15 mm., in the living
condition. Large numbers of them live in the inter-tidal zone of the Madras beach, a
little above the half tide level. The worms are very active, with the cephalic end
constantly in motion. They burrow with remarkable ease. Experience of collections
made during the years 1938 to 1942 shows that the worms could be obtained in large

1 This species, on re-examination in the light of the knowledge of the detailed structure of
Saccocirrus, seems to belong to the latter genus, the two being similar in the structure of the setae and
in other important features.

2 Dr. Ruebush of the Osborn Zoological Laboratory, Connecticut, informs us in & private com-
munication, dated 10th September, 1940, that he has found specimens of P. chaetifer on the east coast
of North America. The discovery of this European form from America is interesting since it throws
light on the distribution of these minute worms.

3 Aiyar, R. G, 1938, The Zoology of Madras, In ‘d scientific Survey of Madras and Environs’.
(Ind. Acad. Sci., Madras Session, 1938).
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numbers from April to about the end of September, i.e. in the so-called pre-monsoon period,
when the salinity of the coastal waters is high. If a quantity of sand, taken from a
suitable locality during this period, is kept in the laboratory overnight in a glass trough
with some water, most of the worms would have come up by morning—probably as a
result of insufficient aeration—and would appear as a thin white sheet over the sand, a
pipette-full of which would often contain hundreds of specimens of Polygordius.
Generally speaking during January and February, i.e. soon after the monsoon, the
worms are few and immature while from April onwards they occur in larger numbers
and are mostly mature. During the monsoon period when the Cooum and the Adyar
empty themselves into the sea resulting, on certain occasions, in lowering the salinity
of the coastal waters to even zero point, the sand from the beach is almost devoid of the
worms. It is therefore inferred that they are unable to withstand sudden changes in
salinity and that the attainment of sexual maturity and their reproduction are correlated

TEeXT-FIG. 1.—Polygordius madrasensis, Aiyar and Alikunhi.

(a) Anterior end of worm ; from life. X220,
(b) Posterior end of worm ; from life, X 220,
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with a high degree of salinity of the coastal waters which is maintained only during the
non-monsoon months.

External Features :

Segments are externally indistinct, particularly in the middle and posterior regions
of the body. The number of segments varies from 40 to 60; rarely it may be as many
as 75. The first segment after the head is almost as broad as long but the succeeding
segments are longer. Towards the posterior region the segments get shorter and some
of them are broader than long. The head is distinet and is constricted into an
anterior, short, more or less narrow portion containing the brain, and a posterior
broad portion containing the mouth and the anterior part of the pharynx. The head
carries a pair of moderately long apical tentacles, directed antero-laterally (Fig. la).
Each tentacle is about 150u long and is provided with palpocils. Eyes and pigment
spots are absent. Posteriorly the body ends in a swollen anal bulb, 150 across, which
carries a pair of short anal cirri, about 80p in length. (Fig. 15.) Anal lobes are absent.
A transverse band of rod-shaped hypodermal glands, arranged in 14 to 18 definite groups,
is developed around the middle portion of the anal swelling, recalling the figure of a similar
structure in P. pacificus given by Uchida (1935). The fact that the worms when disturbed
attach themselves by their posterior end makes it probable that some sticky substance
is secreted by the glands of that region. Transverse sections passing through the anal
swelling show the glands closely arranged all round (Fig. 2). The outer surface of the
pygidium as well as the anal cirri are provided with moderately long palpocils, arranged
in groups of three or four.

TexT-Fi6. 2.—Polygordius madrasensis, Aiyar and Alikunhi.

Transverse section through the anal bulh. x 1000.

The body in the living condition is narrow towards the anterior region (115 to 120),
while in the middle it gets broader (about 180y across). In sexual}y mature individuals
the segments are distended with genital elements. The anal opening is situated at the
posterior extremity of the pygidium between the anal cirri. )

Epidermal glands of various shapes are well developed on the body surface, particularly
at the sides, near the mouth and behind the transverse glandular band of. the pygidium
(Fig. 1 and b). It is possible that these glands with their sticky secretion enable the
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worms to adhere firmly to sand particles thereby preventing themselves from being
washed away by waves—a condition probably evolved in response to the stress and
strain of the habitat.

TEXT-FI6. 3.—Polygordius madrasensis, Aiyar and Alikunhi.

Transverse section of a trunk segment. X800,

Bodywall :

Transverse sections of the body are roughly triangular. There is an outer covering
of thick cuticle below which is the single-layered epidermis. Circular muscles are absent
and below the epidermis is the well developed longitudinal muscle layer surrounding the
body cavity except where it is interrupted by the nerve cord and the oblique muscles
(Fig. 8). The latter have their lower ends inserted on the dorsal aspect of the nerve cord
on either side. They divide the body cavity into three compartments, a median and two
ventro-laterals. Towards the posterior extremity of the body the muscles are poorly
developed. In front of the pygidium the longitudinal muscles are extremely thin, while
they are absent at the level of the anal swelling (Fig. 2). The epidermal layer here is
extraordinarily thick due to the adhesive glands embedded in it. The glands, arranged
in groups of four to six, are solid, each with a definite nucleus. Below the epidermis here,
unlike the trunk region, there is a well developed layer of circular muscles.

The ventral nerve cord terminates at the commencement of the anal swelling. It
retains its connection with the epidermis and between it and the outer cuticle is a cushion
of nucleated cells which, however, does not extend to the lateral and dorsal aspects of the
nerve cord (Fig. 3). The nuclei are large, stain deeply and resemble those of the ganglion
cells in the nerve cord of polychaetes and are probably of a nervous nature.

Alimentary Canal :

The mouth is triangular and powerfully ciliated. The lower lip is in the form of a
thick muscular pad. The upper lip, a powerfully ciliated elliptical organ, overhangs the
buccal opening. The mouth leads into a ciliated protrusible pharynx extending to the
posterior end of the first segment. The intestine becomes broader and inter-segmentally
constricted, while towards the posterior one-third of the body, it again narrows to run as
an unconstricted tube. The wall of the gut consists of a single layer of large protoplasmic
ciliated cells, surrounded by an extremely thin, more or less complete layer of circular
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muscle fibres (Fig. 3). A dorsal and a ventral mesentery support the intestine in the
body cavity.

fph ...
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Texr-F16. 4.—Polygordius madrasensis, Aiyar and Alikunhi.

(@) A portion of the trunk region showing the course of a complete nephridium ; from life. x 1000,
(b} A ripe sperm ; from a smear preparation. x 1500,

Ezcretory and Reproductive Organs :

Paired nephridia are present in all the segments, commencing from the head. The
nephridia of the head segment as well as those of the next two—are larger than those
of the trunk segments. Each of these anterior nephridia has a conspicuous nephrostome,
with the ciliated lip projecting into the coelom from the anterior face of the septum. The
nephridial canal is wide and powerfully ciliated. The nephridial duct has a wavy course,
and close to the bodywall just in front of the succeeding septum turns obliquely outwards,
and opens to the exterior. In the succeeding segments the nephrostome is inconspicuous
and closely attached to the septum (Fig. 4a). It has, however, a fairly well differentiated
ciliated margin. In the living specimen, the nephrostome is seen only from the
side. At the commencement of the nephridial duct there are long cilia which, moving in
unison, give the appearance of a bunch. The nepbridial duct is straight, narrow and
ciliated inside. Immediately behind the septum, the wall of the nephridial duct is fairly
thick and granular, the appearance probably due to the presence of excretory matter.
Proceeding backwards the duct gets gradually thin-walled. It runs down straight, almost
to two-thirds of the segment, close to the bodywall and then takes a sharp turn to open
to the exterior. In sexually mature individuals the nephrostome is slightly larger than
usual and the cilia surrounding it more conspicuous.

When viewed from the side, the nephridium closely resembles that of P. neapolitanus
and P. appendiculatus (Goodrich, 1900). But the presence of cilia all over the margin
of the nephrostome and the lack of a distinet bunch of cilia arising solely from its posterior
lip are important points of difference.
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The sexes are separate. Mature females are light brown in colour, mainly due to the
accumulation of ova inside, whereas mature males are milky white. In both sexes some
of the anterior segments are sterile, the gonads developing only from the 15th, 16th or
17th segment backwards. The sperms which are densely packed in the coelomic space
are large, typical in structure and about 45 to 50p in length (Fig. 4b). Each sperm
has a distinct, rounded head, from the anterior end of which projects an acutely pointed
acrosome, about 4'5u in length. The latter is much more conspicuous than in P.
neapolitanus (Fraipont, 1887). Following the head there is a long, extremely slender tail,
38 to 44u long. The sperms are actively motile. The ova, round and gray in colour,
can pass from one segment to another and in the mature specimens the middle and the
posterior segments are packed with them, their extrusion to the outside being probably
by the rupture of the bodywall.

Remarks :

In the possession of anal cirri on the pygidium the present form is comparable to
P. appendiculatus (Fraipont, 1887) and P. ijimae (Izuka, 1903) which are the only two
known species having anal cirri; but it differs from the former in its very much smaller
size, in the position and distinctly smaller size of the anal cirri, in the absence of eyes and
anal lobes and in its colouration. It differs, again, from P. ijimae in having only two
anal cirri instead of three, in the absence of anal lobes, in its colouration and smaller size.
It is, in fact, very much smaller than any of the species so far recorded. It will now be
clear that this Madras form is an unrecorded species and is sufficiently distinct to be
described as new to Science.

Diagnostic Features :

Colouration pale white or often light brown; length 7 to 10 mm. or rarely 15 mm.;
number of segments 40 to 60, rarely 75; hypodermal glands well developed; external
ciliation absent; cephalic tentacles moderately long; eyes absent, pygidium swollen and
provided with a pair of anal cirri, shorter than the cephalic tentacles; anal lobes absent.

Locality :
Inter-tidal zone, Madras beach; and Krusadai Island in the Gulf of Manaar.

Holotype :
In the Zoological Survey of India (Indian Museum), Calcutta.

PoLYGORDIUS UROVIRIDIS, SP. NOV.

External Characters :

This species is found in the same sandy zone as inhabited by P. madrasensis,
but occurs in lesser numbers, The worms are 4 to 6 mm. long, with 25 to 35 segments.
Each segment is almost as broad as long but towards the posterior end the segments are
twice as broad as long. 'The head is distinct and carries a pair of sensory tentacles and
a pair of dark eyes of irregular shape (Fig. 52). Inrare cases there may be four eyes, two
of which may be rounded. Nuchal organs are in the form of transversely placed ciliated
depressions, situated almost immediately behind the eyes. At the posterior end there is
an anal swelling measuring about 125u across (Fig. 5b). Neither anal lobes nor anal cirri
are present. A very conspicuous dark band of pigment encircles it in the middle. In
the terminal half of the pygidium occur some bright green pigment granules which give a
beautiful appearance to the pygidium. A few such granules are found scattered all over
the pygidium and at times extend into one or two of the posterior segments also. These

granules are highly characteristic and the specific name is chosen with reference to this
feature,
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Hypodermal glands are less developed than in P. madrasensis. They are best
developed on the pygidium. Minute palpocils in groups of three or four project from the

TExT-FI6. 5.—Polygordius uroviridis, Aiyar and Alikunhi.

(a) Anterior end of worm ; from life. X 300.
(6) Posterior end of worm ; from life. x 220.

sides of the body. They are particularly developed on the posterior margin of the
pygidium.

Bodywall :

Transverse sections of the body are almost circular. The longitudinal muscles are
well developed but are not so definitely divided into bands as in P. madrasensis. In
sections, towards the posterior extremity, the coelomic space is filled with large, deeply
staining nucleated cells. The longitudinal muscles extend right up to the hind end of the
anal bulb (Fig. 6). The epidermal layer on the anal swelling is thick and is formed of a
single layer of large cylindrical cells. A good number of these cells are glandular and are
usually filled with numerous, deeply staining, minute granules which form a continuous
broad band all round the pygidium. These cells have deeply staining basal nuclei. Wedged
between these glandular cells are smaller highly vacuolated cells with centrally placed
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nuclei. These nuclei form a more or less continuous peripheral row while the basal nuclei
of the glandular cells form an inner row immediately external to the longitudinal muscles.

TrxT-F1G6. 6.—Polygordius uroviridis, Aiyar and Alikunhi.

Transverse section of the pygidium. x 1000.
Alimentary Canal :

The crescent-shaped mouth leads into a ciliated pharynx. The alimentary canal is
almost always filled with quite a large number of nutrient globules which in sections
stain dark with iron haematoxylin. Circular muscles have not been observed.

Remarks :

As sexually mature individuals of this species have not been obtained so far, we are,
unfortunately, not in a position to describe the reproduective organs. However, from the
account given of the external features, it is clear that this species differs from P. madrasensis
in the possession of eyes, in the absence of anal cirri, in the peculiar pigmentation of the
pygidium and in the smaller size. It differs from P. neapolitanus, P. lacteus and P. pacificus
in the possession of eyes, in the absence of anal lobes, in the undifferentiated nature of the
pigment band on the pygidium and in its smaller size; from P. iriestinus in the swollen
nature of the pygidium, in the presence of eyes and in the smaller size; and from P. villoti
and P. erythrophthalmus mainly in the absence of external ciliation of the body, and in
colouration and the very much smaller size.

Diagnostic Features :

Colouration pale white; light green near the pygidium; length 4 to 6 mm,;
number of segments 25 to 35; hypodermal glands present; ciliation of the body absent;
cephalic tentacles short; eyes two or rarely four, irregularly shaped; pygidium swollen,
with an undivided margin and is devoid of anal lobes and anal cirri; a conspicuous broad
band of dark pigment on the pygidium.

Locality :
Inter-tidal zone, Madras beach.

Holotype :

In the Zoological Survey of India (Indian Museum), Calcutta.
It may be mentioned here that the young Polygordii which one of us (Aiyar, 1935)
reared from trochophores obtained from the Madras plankton, seem to be the early stages
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of P. uroviridis. Tt is again likely that the trochophores of Polygordius recorded by
Goodrich (1900) from Trincomalee probably belong to one of the Madras species of
Polygordius, especially since P. madrasensis is known to occur in the Gulf of Manaar
{Alikunhi, 1942).

The discovery of Polygordius from Madras is of considerable interest as the genus has
been believed hitherto to be of limited distribution, having been recorded only from
Europe, Japan and North America. The present record points to a cosmopolitan distribu-
tion of these worms in the tropical waters and also to the possibility of their occurrence
at other places along the Indian coast line, as has already been shown by one of us (Alikunhi,
loc. cit.).

PROTODRILUS PIERANTONII, $#. NOV.!

The worms live in large numbers in fairly coarse sand, at about half-tide level of the
inter-tidal zone—a little lower than the region where Polygordius abounds. They are very
small, 3 to 5 mm. long, and 75 to 80u broad. Thev are quite active and creep at
the bottom of the dish in a characteristic manner. Narcotisation by weak solutions of
magnesium sulphate was fairly satisfactory. Worms kept for a long time in a very small
quantity of water become flaccid enough to be fixed easily.

TEXT-F16. T.—Protodrilus pierantonii, Aiyar and Alikunhi,

{a) Anterior end of worm ; from life. x 240.
(d) Posterior end of worm ; from life. X 360.

1 Named after Prof. U. Pierantoni.



122 R. GOPALA AIYAR & K. H. ALIKUNHI: ON SOME

External Characters :

Body segmentation is fairly distinct and the inter-segmental regions can be clearly
observed under the microscope. The number of segments varies from 30 to 40. The
second segment is more than twice as long as broad, while the succeeding ones are
only slightly longer than broad. The body is attenuated towards the posterior extremity
where it is about 52y broad, only a little more than half the breadth of the middle
region. The worms are of a pale white colour. The body surface has a distinet sculptured
appearance which closely resembles that of P. hypoleucus (Pierantoni, 1908). This sculp-
turing extends to the proximal half of the pygidium. Rod-like hypodermal glands are
scattered over the body.

The head is not swollen but is distinet from the next region of the body and carries
a pair of actively mobile sensory tentacles, 180 to 190u in length (Fig. 7a). They
are short in comparison with the total length of the worm. A little distance behind
the base of each tentacle there is a small ciliated depression—the nuchal organ. Eyes
are absent. Two extremely minute statocysts are present, medially, near the anterior
end of the prostomium. The prostomium is obtuse and carries a few sensory cilia
of which two are longer than the rest. There are four dorsally incomplete ciliated
bands on the anterior region, the first one arising at the level of the base of the tentacles,
while the fourth is situated at the level of the mouth. Sensory cilia on the body surface
are few and inconspicuous. The ventral groove is deep and strongly ciliated. The dorsal
side of the body is arched while the ventral side is more or less flat, except for the median
groove (Figs. 86 and 9a). The anal segment ends in a trilobed pygidium, the lateral
lobes of which are fan-shaped and adhesive (Fig. 7b). Each lateral lobe is 26y long—
about half the width of the body just in front of the pygidium—and 19 to 20u across the
base. Dorsal and axial to these lobes lies the minute, though blunt and distinct projection
which represents the third lobe of the pygidium (Fig. 7b). This shows a close resem-
blance to the third pygidial lobe of P. hatschek: and P. sphaerulatus (Pierantoni, 1908).
The two main pygidial lobes are longitudinally ridged, narrow and muscular at the base,
and broad and glandular towards the tip. Palpocils are present on the pygidium also.
The worm when disturbed promptly attaches itself to any substratum by means of the
anal lobes.

Bodywall :

Transverse sections of the body are more or less semi-circular in outline except that
the two sides are slightly emarginate (Fig. 86). The epidermal layer is thicker than the
muscular layer beneath, and the large darkly staining epidermal nuclei form a more
or less continuous layer all round. Embedded in the thickness of the epidermis can
be made out the elongated, goblet-shaped glands, previously mentioned. With iron
haematoxylin they take deep uniform stain. Neither lumen nor nucleus has been observed
in them. The tip of each gland cell seems to protrude slightly beyond the body surface,
where probably the mucoid secretion exudes. In P. spongioides Pierantoni (1908) also
has shown some of the adhesive glands slightly protruding from the body surface. The
longitudinal muscles are cut into three bands by the oblique muscles, as in Saccocirrus
and Polygordius. The alimentary canal is held in position by a dorsal and a ventral
mesentery (Fig. 8b).

Head-cavity :

A peculiar feature of the cephalic region of Protodrilus is the presence of a closed
system of spaces—also characteristic of Saccocirrus (Goodrich, 1901 and Pierantoni, 1908).
The tentacles have a central lumen which is continued on to the sides of the brain.
Converging towards the median line the lumina of the two tentacles join together imme-
diately behind the brain. No projecting ampullae such as those present in Saccocirrus are
seen. The cephalic spaces are filled with a fluid the presence of which can be easily made
out in living specimens by the oceurrence in it of a number of corpuscles which are often
driven into the tentacles by the contraction of the muscular wall of that part of the lumen
behind the brain,
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Alimentary Canal ;

The mouth is median, ventral and highly ciliated and leads into a muscular U-shaped
pharynx extending up to the posterior end of the first segment. The pharynx is continued
backwards as an internally ciliated tubular intestine. Salivary glands which normally
occur closely pressed against the sides of the alimentary canal are present from the second
to the 15th or 16th segment. They are poorly developed in the anterior segments and in
either sex are best seen usually from the eleventh to the 15th or 16th segment, in the
form of blocks of various shapes, closely associated together. Tt may be noted that in
P. hypoleucus the salivary glands extend from the third to the 16th or 17th segment, and
in P. sphaerulatus, from the third to the 20th or 21st segment.

f5pd

TeXT-FI¢. 8.—Protodrilus pierantonii, Aiyar and Alikunhi,

(@) 9th and 10th segments of a ripe male showing the position of the sperm-ducts, on one side;
from life, % 990.

(b) Transverse section of the body showing a pair of sperm-ducts (funnels) cut. X 900,

Nephridia and Reproductive Organs :

Nephridia are of the macro-type and they are present from the second segment
backwards, except in those segments of the male in which the sperm-ducts are developed.
The nephridial duct has a tortuous course and the nephridiostome is in the form of a spoon-
shaped or bluntly flattened organ, situated near the bodywall on the anterior face of the
septum and jutting into the median chamber of the coelom of the segment. Even high
magnification does not reveal the details of structure of this minute organ except the
ciliary movement which is in a downward direction. The structure on the whole pre-
sumably conforms to that of P. flavocapitatus (Goodrich, 1931). In the post-septal region
the nephridial duct could be traced for a short distance only, beyond which it is not clear
whether the number of loops is only one or two as in P. flavocapitatus, the nephridiostome
of ‘which, by its large size (60 microns according to Goodrich), lends itself to study.

According to Pierantoni two kinds of nephridia exist among Protodrilids—‘macro-
nephridia’ provided with a coiled canal having an intracellular lumen, and ‘ brachynephridia’
provided with a straight short canal having an intercellular lumen and a wide funnel-shaped
internal opening. He considers these two kinds of nephridia as different forms of the
same organ. But according to Goodrich (1931) ‘it seems much more likely that far from
being homologous organs the  macronephridia ” are true nephridia and the so-called
“ brachynephridia ** are coelomoducts’, and °the sperm-duct represents a coelomoduct
or posgibly a nephromixium’,
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The sexes are separate and mature specimens of either sex are obtainable in large
numbers. In both sexes the genital elements are usually formed behind the salivary
glands. Testes are developed from the 16th or 17th segment backwards. Sperms when
mature are actively motile and are present in considerable numbers in the segments carrying
the sperm-ducts as also in the more anterior segments which they reach from those behind.
In the male, two kinds of sperms are present, one large, 70 to 80u long, and the other,
small, about 25u long (Fig. 9¢). Both are actively motile and whip-like, as in Protodrilids
in general. In the larger sperm the anterior end, 9 to 12u long, is extremely slender, while
the region immediately following is short and thick—3 to 4u long—and stains deep red with
aqueous eosin. -The main body of the sperm is about 21y long while the tail is slender
and 35 to 42u long. In the smaller sperm the anterior end is shorter, but the region
immediately following is longer and tapering anteriorly.

TExT-F16. 9.—Protodrilus pierantonti, Aiyar and Alikunhi.

(@) Transverse section of the body showing the deep lateral furrows into which the sperm-ducts
open. X 1150,

(b) Portion of a transverse section showing the efferent duct of the ciliated funnel (Sperm-duect),
just before opening to the exterior, X 2250.

(¢) Ripe sperms; from life. x 2250.

The occurrence of two or more forms of sperms showing differences in the relative size
of the various parts has been observed by Pierantoni (1908) in P. purpureus, P. hatscheki,
P, oculifer, P. flavocapitatus and P. sphaerulatus, but such a marked disparity in size as
seen in P, pierantonis is perhaps found only in P. flavocapitatus in which Pierantoni figures
the ‘ Euspermio’ as of double the size of the ‘Cystospermio’. It is stated that the
¢ Euspermio ’ are obtained from the males and the ¢ Cystospermio’ from the so-called her-
maphrodites (females). In our species, both kinds of sperms are obtained from the males.
Goodrich has suggested that the bundles of spermatozoa, occurring in certain coelomic cells
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of the so-called hermaphrodites of Pierantoni, described by him as stages in the peculiar
process of ¢ Cystospermatogenesis ’, are really superfluous spermatozoa which have been
engulfed in these cells. This seems to be the correct interpretation when it is remembered
that only ripe spermatozoa have been found in these so-called hermaphrodites which are
really inseminated females.

In the mature male five pairs of sperm-ducts are developed in segments 7 to 11.
Each sperm-duct has a short straight duct with a broad intercellular lumen which ter-
minates internally in a conspicuous richly ciliated funnel and has, what appears to be,
a broad dorsally directed mouth (Fig. 8a and b). The funnel projects into the coelom
from the corner between the bodywall and the septum. Transverse sections show that the
funnel is formed of a single layer of ciliated cells (Fig. 86). It narrows into a duct which
piercing the septum enters the next segment. As in P. flavocapitatus the duct lies in the
lateral chamber of the body cavity, in close contact with the oblique muscle (Fig. 96).
At about the posterior one-third of the segment it turns sideways and opens to the exterior
in a long deep ciliated furrow which is surrounded by groups of elongated hypodermal
glands (Fig. 8a). It is, however, interesting to note that in addition to the five pairs of
ciliated furrows corresponding to the sperm-ducts mentioned, there is an extra pair in
front (in the 7th segment), with no corresponding pair of sperm-ducts opening into them,
but with ordinary nephridia only. It is therefore probable that we have here a transition
between the actual suppression of the nephridium and the development of the sperm-duct.
Since these ciliated furrows are usually associated with sperm-ducts, it is natural to believe
that their presence in the seventh segment of P. pierantonii is also in the same way
associated with these organs, but the presence of nephridia with intracellular lumen in the
preceding segment forces one to the conclusion that during the course of phylogenetic
development these nephridia are completely suppressed and coelomoducts with inter-
cellular lumen are developed instead. Also in the present instance, after the fifth pair of
sperm-ducts, in the twelfth segment, normal nephridia are present, but the septal surface
near the nephridial swelling carries a few long vibratile cilia. Goodrich suggests that the
ciliation on the septal surface in the hinder segments of the female P. flavocapitatus might
possibly be a highly reduced remnant of the coelomoduct. In view of these facts we are
inclined to believe that the sperm-ducts of Profodrilus are really coelomoducts, as Goodrich
has suggested ; but his alternative suggestion that they are possibly nephromixia does not
appear convincing as it will imply a change from the intracellular to the intercellular
condition. The brachynephridia are also probably coelomoducts and in species having
only these organs, they have retained their original functions of conducting the genital
elements to the exterior only in those segments of the male in which sperm-ducts are
present, while in the other segments they have become purely excretory with the suppression
of true nephridia.

Sperm-ducts have been known to occur in forms with macronephridia, as for example
P. oculifer and P. flavocapitatus. In the number and position of these organs P. pierantonit,
however, differs from the above species.

In the females ova are developed usually from the 16th or 17th segment, i.e.
behind the salivary glands. They are large, about 33x by 23u in dimension, greyish and
with central transparent nuclei. Fertilized ova, undergoing the first cleavage, could at
times be found in the coelom. In P. flavocapitatus (Goodrich, 1931) in those segments
(13th to the pygidium) of the trunk which contain the ovaries and loose ova, the coelomic
epithelium of the anterior face of the posterior septum of the segment has very long slender
cilia vibrating from base to tip. Tn our specimens, however, such a condition in the
females is absent.

Mature females are usually found to have been inseminated, and carry active sperms
in the body cavity. The presence of sperms in the body cavity of the females probably
led, as pointed out by Goodrich, the previous authors like Schneider, Uljanin, Hatschek
and Pierantoni to regard the group as hermaphrodite. Salensky (1907, quoted by Goodrich)
has already shown that the sexes are separate in P. flavocapitatus. Goodrich is of the
opinion that Protodrilus is always dioecious. Our observations show for certain that
hermaphroditism does not oceur in our species. The presence of sperms in the females
must be accounted for as being derived from the male, probably after copulation, although
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the process has not been observed so far. Unlike Saccocirrus, Protodrilus has no copulatory
organs and the sperms which are probably deposited on the body surface of the female
effect penetration through the skin into the body cavity.

Remarks :

Of the already known species of Profodrilus, P. flavocapitatus, P. schneidert,
P. oculifer, P. spongioides and P. chaelifer possess macronephridia. In this feature P.
pierantonii resembles these and differs from the remaining species. In the entire
absence of chaetae and eyes, and in the possession of ciliary bands at the anterior region
P. pierantonii stands out clearly from all the above species.

Diagnostic Features :

Colouration pale white; length 8 to 5 mm. ; number of segments varying from 30 to 40;
body surface closely sculptured; hypodermal glands developed all round the body; head
not swollen; eyes absent; four incomplete ciliary bands at the anterior end; pygidial
lobes three in number, the median being small and rudimentary, and the laterals broad
and adhesive; nephridia of the macro-type; salivary glands from the second to the 15th
or 16th segment; gonads behind the salivary glands; sperm-ducts five pairs, in segments
7 to 11; ciliated furrows 6 pairs, in segments 7 to 12; sperms of two types.

Locality :
Inter-tidal zone, Madras beach; Pamban, Gulf of Manaar and Cranganore (Cochin).!

Holotype :
In the Zoological Survey of India (Indian Museum), Calcutta.

PrOTODRILUS INDICUS, SP. NOV,
External Characters :

This species is found in considerable numbers in the same substratum as P. pierantonii,
but occurs also nearer the low water mark. The present species differs from the foregoing,
in the complete absence of ornamentation on the integument, so that, under the micros-
cope, the internal organs are clearly seen. An average worm is 2 to 3 mm. long and 80
to 85u across the body and has 25 to 30 segments. The head is not swollen. A pair of
sensory tentacles, each 250u long, is present on the head. They are longer than in
P. pierantonit and in proportion to the smaller size of the worm appear relatively more
80. The sensory cilia on the tentacles are better developed. The prostomium is obtuse
and carries a few stiff cilia at its anterior end. The nuchal organs, situated just behind the
base of the tentacles, are in the form of conspicuous linear depressions with bunches of
long cilia. Eyes are absent. The statocysts, in the form of two conspicuous circular
areas, occur on the margin of the prostomium, farther from the median line (Fig. 10a).
At the anterior region there are four dorsally incomplete ciliated bands which are less
developed and narrower than in P. pierantonii. The sensory cilia on the general body
surface are better developed than in the foregoing species. Immediately behind the
base of the tentacles, on either side, there is a group of long stiff cilia. The ventral
groove is deep. The body is considerably attenuated towards the posterior end where it
is only about 50u across. The pygidium is deeply bifurcated and lacks the third or
median lobe (Fig. 106). The pygidial lobes are longer and narrower than those of
P. pierantonis.

1 During December, 1940 and May, 1941, one of us (K. H. A.) observed on the sandy beach of
Cranganore (on the west coast) P. pierantonis in, fair numbers along with Saccocirrus minor. They
oceur in extremely fine, almost dark sand, the kind of substratum in which they are never found in
Ng‘agra]sl. Also, the place where they occur being close to an estuary is subject to considerable admixture
of fresh water. ’
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Integument :

The integument is thin and smooth. Definite, spindle-shaped, hypodermal adhesive
glands are present, especially at the sides of the body. Under high magnification these
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TexT-F1¢. 10.—Protodrilus indicus, Aiyar and Alikunhi.

(@) Anterior end of worm ; from life. X 360.
(b) Posterior end of worm ; from life. x 540.

glands have a longitudinally striated appearance. On slight pressure being applied to the
glands, certain elongated bodies reveal themselves inside as the cause of the striation.
The head cavity is similar to that of P. pierantonii.

Alimentary Canal :

The mouth is powerfully ciliated and leads into a U-shaped pharynx. The intestine
is tubular, narrow, internally ciliated, and light brownish in tinge in the middle segments.
The well developed compact salivary glands usually occupy the second segment which is
roughly more than twice as long as broad (Fig. 1la). In certain specimens the glands
extend up to the fourth segment. They are highly refractile and are in the form of two
elongated blocks closely pressed on either side of the alimentary canal. Each gland appears
segmented into 8 to 12 smaller blocks each of which often has a few minute projections of
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various shapes (Fig. 11a). The position of the salivary glands is clearly different from
that of P. pierantonii. In fact, in this feature P. indicus differs from all the species of the
genus, except P. symbioticus, in which the salivary glands occur in segments one and two.

TexT-ri¢. 1l.—Protodrilus indicus, Aiyar and Alikunhi.

(¢) Second segment showing the salivary glands on either side of the alimentary canal; from
life.  x3860.
(b) Portion of the 10th segment showing the sperm-duct ; from life. X 1200,

Nephridia and Reproductive Organs :

The nephridia are of the macro-type and are developed from the second segment
backwards, with the nephridiostome very much more inconspicuous than in P. pierantonii.
High magnification reveals vibrating cilia inside the nephridial swelling. A little behind
the septum the coiled nephridial duct is seen with its actual course not at all clear.

The sexes are separate and gonads are developed usually from the 10th segment
backwards. In the ripe male the segments from the 10th are fully packed with sper-
matozoa. Only two pairs of sperm-ducts are developed and these are situated in

“segments 10 and 11. They are smaller and less conspicuous than in P. pierantonii, with
the small opening of the funnel close to the alimentary canal (Fig. 115). The cilia on
the funnel wall are short. The sperm-ducts open to the exterior in ciliated furrows
which do not have any additional glands on their margin. It is interesting to observe
that besides the two pairs of ciliated furrows in segments 11 and 12, corresponding to the
two pairs of sperm-ducts, there are three pairs developed in segments 8 to 10, of which,
those in the 8th and 9th segments are smaller. Only unmodified nephridia are present in
segments 7, 8 and 9. The probable significance of these additional pairs of ciliated furrows
has already been discussed and the presence of similar structures in P. indicus lends
further support to the conclusions arrived at there.
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Sperms are of only one type and resemble the larger variety of P. pierantonii, but
they are even larger, each measuring about 100 to 110y in length.

In ripe females the ova, 40 by 23u in size, are more or less definitcly arranged
in the body cavity. They are of a dull grey colour and are made more conspicuous by the
transparency of the body. Each ovum has a clear centrally placed nucleus.

Mature females are invariably found to have been inseminated.

Remarks :

The important features in which P. indicus differs from the other Madras species
have already been pointed out. In the absence of eyes, in the position of the salivary
glands, and in the number and position of the sperm-ducts it differs from P. flavocapitatus,
P, schneideri and P. oculifer. 1In the presence of ciliary bands at the anterior region, in the
position of the salivary glands, and in its very much smaller size it differs from P.
spongioides also.

Diagnostic Features :

Minute worms, 2 to 3 mm. long, with 20 to 30 segments; body highly transparent,
integument very thin, smooth, and devoid of ornamentation; hypodermal glands few and
spindle-shaped ; cephalic tentacles comparatively long; statocysts large; four incomplete
ciliary bands at the anterior end, eyes absent; nuchal organs conspicuous; pyvgidium with
only two lobes which are long and narrow; salivary glands in segments two to four; gonads
from the 10th segment; two pairs of sperm-ducts in segments 10 and 11; and five pairs
of ciliated furrows in segments 8 to 12.

Locality :
Inter-tidal zone, Madras beach.

Holotype :
In the Zoological Survey of India (Indian Museum), Calcutta.

Distribution : .

Till recently Protodrilus was supposed to be a purely European form. Eight out of
the twelve species of the genus have been recorded from the Mediterranean coasts, while
some of these and P, schneider: and P. symbioticus have been obtained from the Black
Sea, European Atlantic, North Sea and the Irish Coasts. P. rubropharyngeus (Jagersten,
1940) has been the last species to be added to the genus. As is stated elsewhere, outside
Europe, Protodrilus was first recorded from Madras. The discovery of P. leuckarti from
the east coast of North America (Ruebush, 1939) has shown that the species extended to
the Atlantic sea board also. The two new species from Indian waters described here,
show further that the genus has a wider distribution than was hitherto believed. Their
occurrence in large numbers in the inter-tidal zone of the Indian coast is, therefore, note-
worthy.

SACCOCIRRUS MINOR, SP. NOV.

The genus Saccocirrus was established by Bobretzky (1871) for the reception of the
peculiar Black Sea annelid, S. papillocercus. 1In 1875 Marion and Bobretzky gave a detailed
description of the worm, based on specimens from the Mediterranean (Gulf of Marseilles).
Langerhans (1880) recorded it from Madiera, and Fraipont (1884) studied its nervous system
in detail. Later, Goodrich (1901) described the Saccocirrus found at Naples, which
differs from 8. papillocercus only in minor details. Pierantoni (1907) added a second
species, S. major, from the Mediterranean, which was later recorded from Japan by
Uchida (1933). Berkeley (1936) recorded the occurrence of Saccocirrus sp. in the west
coast of Canada. The present form is the next species to be added to the genus and is
the first record of the genus from India. As the Madras form differs in size and other
important characters from the two known species of the genus we propose to describe it
a8 a new species under the name Saccocirrus minor,

9
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The worms are minute and active and are found in considerable numbers in coarse
gand near low water level. The behaviour of the worms when takeri out of their natural
habitat has been described in detail by Marion and Bobretzky (1875). Their movements
are not unlike those of the common leech. If disturbed, they contract quickly and coil
themselves up.

Slow addition of the fixative to the water containing them makes them relax, when
they can be fixed without much ecoiling and contraction. Bouin’s fluid and Flemming
without acetic were used as fixatives. Heidenhain’s iron haematoxylin was used for
staining,

TexT-F16. 12.—Saccocirrus minor, Aiyar and Alikunhi.

(a) Anterior end of worm ; from life. x 200.
(b) Posterior end of worm ; from life. x 200.

External Characters :

The worm is 10 to 15 mm. long in the living state, with 70 to 100 segments. The
body which is convex above and flat below is highly contractile and tapers slightly towards
the posterior end. The segments are about two-and-a-half times as broad as long. The
bluntly conical head carries a pair of dark conspicuous eyes, convex on the inner aspect
and flat on the outer, besides a pair of sensory tentacles—09 mm. in length—which hardly
show any constrictions on the surface (Fig. 12a). A pair of ciliated pits—the nuchal
organs—Ilies obliquely at the base of the tentacles. They are richly ciliated and have
their inner ends broader than the outer. The body surface is beset with stiff sensory
cilia and shows a definite sculptured appearance on the dorsal side. The posterior
end terminates in the pygidium, which, unlike the other known species of the genus, is
devoid of anal lobes carrying adhesive papillae. It is almost entire with just a ventral
median groove (Fig. 12b). On either side of this groove is a fleshy pad beset with
numerous elongated gland cells with their outer extremities crowded together. These
pads with their glands, no doubt, serve as the adhesive organs, and are probably reduced
representatives of the well developed anal lobes of the other species. Dorsally the
pygidium is beset with a number of stiff cilia projecting from the surface.

oB
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Parapodia :

Parapodia with chaetae are present from the second segment backwards. They are
situated dorso-laterally and are capable of rapid protrusion and retraction. At the

TEXT-FIG. 13.—Saccocirrus minor, Alyar and Alikunhi.

(a) Parapodium from one of the middle segments. X 500.
(b) Types of setae present in a foot. x 2000,

posterior end a variable number of segments—usually 5 to 10—ocarry neither parapodia
nor chaetae. A parapodium from one of the middle segments is shown in Fig. 13¢. The
six or seven setae present in the parapodium are all straight capillaries, with broad
channelled tips. Three setae have their tips conspicuously broad; two or three others
have their tips slightly less so; while one is very slender and has the tip only imperceptibly
channelled (Fig. 13b). 1t is characteristic of S. minor that all the setae have their tips
perfectly smooth, being completely devoid of any prongs.

Head-cavity :

The head cavity of Saccocirrus has been studied by previous workers. In S. minor
this structure shows but minor differences from the other species. The ampullae are not
quite rounded as in S. papillocercus, but are elongated and tapering behind where they
extend into the first setigerous segment (Fig. 12a). The transverse communicating canal
runs ventral to the posterior portion of the brain. The wall of the ampullae is strengthened
anteriorly by longitudinal muscles and posteriorly by circular muscles. The cavity is
lined by an epithelium and is filled with a fluid which is often driven into the tentacular
canals by the contraction of the ampullae. It has been suggested that the force with
which the contained fluid is driven in is partly responsible for the erection of the tentacles.
In this fluid there are a few almost colourless corpuscles floating about. Goodrich says
that in 8. papillocercus ¢ the fluid is really composed chiefly of large cells with granular and
very fluid contents, closely packed together’. This seems to be the case in 8. minor also,
for sections of the ampullae as well as the tentacular canals give a reticulated appearance
to the lumen, suggesting a coagulum. Scattered in this reticulum are a few deeply staining
nuclei.

Bodywall :

The entire dorsal surface of the body is richly supplied with irregularly shaped
epidermal glands, as in S. papillocercus (Goodrich, 1901). The dorsal surface of the worm
with its glands has a resemblance to the sculptured body surface of Protodrilus. In
addition to these glands there is a set of extremely minute, elongated unicellular gland
cells developed in more or less complete transverse rows in every segment. They are
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always found associated in groups of three gland cells and several such small groups are
crowded together to constitute larger groups. Under the microscope they can be traced
up to the body surface where they are seen as minute dots. On the ventral surface of the
body these glands are better developed and are differentiated into two groups in each
segment.

The body is roughly semi-circular in transverse section, the ventral side being flat.
A thin cuticle forms its outermost covering. The epidermal layer is thick with darkly
staining nuclei. Below this is a thin layer of circular muscles. The longitudinal muscles
are arranged in four bands—the dorsal, the ventral and the two laterals. The well
developed oblique muscles divide the body cavity into three separate chambers. The
dorsal muscle band is the broadest and extends up to the lateral coelomic chambers,
Internal to this layer of muscles is the coelomic epithelium.

Alimentary Canal :

The mouth which is median and ventral is situated behind the level of the nuchal
organs. In transverse sections the buccal invagination appears lobed. It has a thick wall
devoid of muscles. Internally the sides of the buccal invagination are lined by thin
cuticle but the dorsal wall has an inner lining of cilia. Behind the mouth opening the
pharynx is supported on the ventral aspect by a number of muscle strands. At the
commencement of the pharynx its ventral wall is lined internally by cuticle but later on
the dorsal ciliary lining gradually encroaches upon the ventral side until at the level of the

TexT-Fi¢. 14.—Saccocirrus minor, Aiyar and Alikunhi.

Transverse section through the pharyngeal region. x 500.

third parapodium the ventral wall also becomes ciliated. From a little behind the buccal
opening a thin layer of longitudinal muscles, makes its appearance around the pharyngeal
wall (Fig. 14). At the level of the fourth or fifth segment well developed muscle strands
support the pharynx on all sides. The pharynx extends to the ninth or tenth segment.
The pharyngeal wall becomes thinner behind and devoid of the outer muscles. It may be
observed that unlike §. papillocercus and S. magor, S. minor has the pharyngeal muscula-
ture greatly reduced and the pharyngeal pad undeveloped.

Nervous System :

As in 8. papillocercus and S. major there is a stomatogastric nervous system inner-
vating the pharyngeal wall. In the fourth setigerous segment the stomatogastric nerves
terminate in a pair of enlargements situated mostly on the ventro-lateral side of the
pharyngeal wall. A broad connective runs between the two enlargements along the ventral
wall of the pharynx. The ventral nerve strands are widely separate.
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Ezxcretory and Reproductive Organs :

Paired nephridia commence from the first setigerous segment. They are simple
having a ciliated nephrostome at the anterior face of the hind septum of the segment,
and the conducting part being straight and richly ciliated. In the genital segments they
function as genital ducts. In the male the nephridia of the genital segments are enlarged
and modified into the sperm-sacs (see Reproductive Organs). In each segment the
nephrostome is considerably enlarged and the cilia are long and arranged in the form of a
bunch (Fig. 15). In the female also the nephrostome is considerably enlarged in the
genital segments. '

TEXT-F16. 15.—Saccocirrus minor, Aiyar and Alikunhi,
Portion of a genital segment of a ripe male, showing the reproductive organs ; from life. X 400.

The sexes are separate. The highly complicated reproductive organs, unlike those of
other Archiannelids, have an arrangement remarkably similar to that in Pisionids
(Polychaeta). In the male the reproductive organs are in the form of paired metamerically
arranged testes associated with sperm-sacs and copulatory organs (penes). In either
sex the genital elements are not developed in some of the anterior and in the achaetous
segments at the posterior end. In a mature male with 72 segments, for instance, testes
were developed from the 25th to the 56th segments. But often they commence even more
anteriorly. Sperms in various stages of development are packed in the body cavity.
As already mentioned, the enlarged nephrostome in the genital segment leads into an
enlarged nephridial duct which runs down, takes a sharp bend inwards and opens
into a spacious ciliated sperm-sac situated in the lateral chamber of the body cavity
(Fig. 15). The wall of the sperm-sac is extremely thin and in sections cell boundaries
and nuclei are not very prominent. Ripe sperms travel down the nephridial canal and
accumulate inside the sperm-sac, where they form ball-like masses which are kept in
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constant rotatory motion by the action of cilia lining its interior. The sperm-sac has a
short, ciliated, gradually narrowing duet which opens to the exterior at the tip of a pro-
trusible penis (Fig. 15). The wall of the sperm-duct is thin and formed of flattened cells,
but are replaced by large granular cells in the walls of the penis. The latter, which is
supported by four slender cuticular rods, is enclosed in a sheath and opens to the exterior
dorsally in the centre of a large oval-shaped invagination of the bodywall.

In the male Saccocirrus Goodrich observed that ‘in the genital segments the nephridia,
quite similar organs as those of the females in their general structure, open into the duct
of the sperm-sac near its entrance into the penis’. In 8. minor the condition is very
much different. The nephridial duct is actually continued into the sperm-sac and is not
connected with the efferent duct of the sperm-sac.

The whip-like sperms are of considerable size. Their motility while inside the body
cavity is not very clear but is readily observed when pressed out.

In the mature females the middle and posterior segments are light brown in colour.
The ovaries are paired and the large light brown ova almost fill the coelomic cavity in
each segment. Every genital segment is provided with a pair of saccular spermathecae
or receptacula seminis, agreeing in their general structure with the sperm-sacs of the male.
The spermatheca opens to the exterior by means of a ciliated duct the wall of which, near
its commencement, is formed of highly granular cells. The circular external opening is
actually the nephridiopore, the spermathecal duct opening at the tip of the nephridial
duct. Mature ova pass down the nephridial duet which is capable of extension. The
spermathecae are usually filled with mature sperms received, presumably, during
copulation. The actual process of copulation has not been observed by us. But judging
from the position of the penes and the spermathecae it is likely that adhesion of the middle
and posterior segments of the copulating individuals occurs.

Remarks :

The present form differs from all the known species of the genus in its minute size,
in the simple structure of the setae, in the absence of adhesive papillae and anal lobes
on the pygidium, in the thin-walled pharynx which is devoid of a muscular pad, and in
certain features of the reproductive organs.

Diagnostic Features :

Minute worms, 10 to 15 mm. long, with 70 to 100 segments; pygidium without
bifurcation, anal cirri or the characteristic anal lobes carrying adhesive papillae, but having
only a median ventral groove and a pair of glandular adhesive pads probably representing
the anal lobes and papillae; almost all the setae with expanded tips but without prongs;
pharynx extending up to the ninth or tenth segment, with reduced musculature and
devoid of the characteristic ventral muscular pad; sperm-sacs situated in the lateral
chambers of the body cavity ; and the penis which is swollen in the middle with supporting
cuticular rods.

Locality :
Inter-tidal zone, Madras beach; and Cranganore (Cochin).

Holotype :
In the Zoological Survev of India (Indian Museum), Calcutta.

SACCOCIRRUS CIRRATUS, SP. NOV.

The species is based on three mature female specimens obtained in February, 1940, at
low tide level from coarse sand on the Madras beach. The external characters were noted
when the worms were alive. By studying sections of the specimens we are now in a
position to institute comparison with the other species of the genus.
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Eaxternal Characters :

The worms are 40 to 45 mm. long, with distinct segmentation and over 200 segments.
They are very active and resemble S. ménor in their characteristic jerky movements. The
anterior end is narrow and has a pointed snout or prostomium. The cephalic tentacles
are about 1'5 mm. long and have a moniliform appearance, being deeply constricted into
about 20 segments, a character not shared by any other known species (Fig. 16a).

TEXT-FI1¢. 16,~Saccocirrus cirratus, Aiyar and Alikunhi,

(@) Anterior end of worm showing the cephalic region. X 60.

(b) Posterior end of worm showing the pygidium with the anal cirri. X 225.

(¢) Transverse section through the anterior part of head showing the nuchal organs. X 750.
(d) Bristle with the crutch-shaped tip. X 1500.

The eyes are minute and inconspicuous. A pair of actively vibratile ciliary groups are
present at the base of the tentacles. The nuchal organs, situated behind the base of the
tentacles, are in the form of narrow grooves extending obliquely towards the median line
where they turn outwards and away from each other, at the same time getting widened
and conspicuous. Here they are very deep and have a long conspicuous bunch of cilia
arising from the bottom (ventral aspect) (Fig. 16¢). In transverse sections the portion of
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the head lying between the nuchal organs is seen in the form of a narrow ridge with some
darkly staining rod-like sensory elements inside.

As in the other species parapodia with bundles of chaetae are present from the second
segment backwards. They are absent from the last three segments. Each foot carries
a bundle of six to eight capillary setae, similar to those of S. minor in having smooth
expanded tips; but one bristle which usually projects beyond the rest is crutch-shaped
with one arm of the crutch shorter than the other (Fig. 16d).

The characteristic anal segment is one of the most important distinguishing features
of the species. It is bifurcated as in 8. papillocercus, S. major and 8. krusadensis
(Alikunhi, 1942), having two expanded, foliaceous adhesive lobes with their margins entire
and adhesive papillae wanting (Fig. 160). From the dorsal aspect of the anal lobes arise
a pair of elongated slender anal cirri of uniform thickness. In the possession of anal cirri
and of anal lobes without papillae this form differs from all the known species of the genus.

The head-cavity is similar to that in 8. minor except that the ampullae are shorter
and do not extend into the first setigerous segment. It is seen from sections that the
wall of the ampullae towards the posterior one-third is provided with a layer of circular
muscles but anteriorly a thick well developed layer of longitudinal musclesis present.
Longitudinal muscles are present in the wall of the tentacular canals also,

TEXT-FI6. 17.—Saccocirrus cirratus, Aiyar and Alikunhi,

Transverse section, posterior pharyngeal region. X 700.

Bodywall :

Transverse sections of the body are triangular or even semi-circular in outline, the
ventral side being flat. The epidermis is thick, with darkly staining nuclei. The circular
muscles are well developed. The ventro-lateral longitudinal muscles have an almost
circular outline in sections, and the external layer of circular muscles is very thin in this
region (ventro-latefal aspect). Towards the region of the hind end of the pharynx, the
dorsal and ventral longitudinal muscles are greatly developed and the two uniting together
form a complete thick muscular wall for the median chamber of the body cavity (Fig. 17).
The nerve cords are widely separate and are in direct contact with the epidermis.

Alimentary Canal :

The anterior part of the alimentary canal is very characteristic. Immedi'ate.ly after
the buccal invagination the oesophageal wall is thick. TIts internal surface is lined by
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cuticle and the stomatogastric nerves are situated on the dorsal aspect. The lumen is
very narrow with the lining of the wall projecting into it in the form of small processes.

5
TEXT-FIG. 18.—Saccocirrus cirratus, Aiyar and Alikunhi.

Transverse section through pharyngeal region. x 600.

The pharyngeal region extends up to the 30th setigerous segment. Behind the oeso-
phageal region a group of vertically arranged muscle strands separate the pharyngeal
mass from the ventral bodywall. The pharyngeal wall gets gradually thicker, especially
on the ventral side. The inner lining is cuticular in nature. Longitudinal muscle strands
are arranged around the inner epithelium. A little further down, the ventral wall of the
pharynx becomes extraordinarily thick by the formation of a conspicuous muscular pad
which unlike that in S. papillocercus is divided in the mid-ventral line into two (Fig. 18).
The inner epithelium is fairly thick and vacuolated and stains grey with iron haematoxylin.
A number of muscle strands are present in the thickness of the pharyngeal pad, while
on the exterior is developed a continuous thick layer of longitudinal muscles. The stomato-
gastric nerves gradually pass over to the ventral wall and finally fuse together. As the
dorsal wall of the pharynx is soon invaginated the pharyngeal Jumen is greatly reduced.
Further behind towards the posterior end of the ventral pad the inner epithelium is more
prominent. At the dorsal invaginated region the muscles are extraordinarily developed
(Fig. 19). Behind the level of the pharyngeal pad the wall of the pharynx is of uniform
thickness, glandular in nature and provided with a thick layer of longitudinal muscles
(Fig. 17). This condition is maintained up to the thirtieth segment after which the
alimentary canal is saccular, intersegmentally constricted and practically devoid of muscles
in its walls.

The extraordinary development of the pharyngeal muscles, extending to a large
number of the anterior segments is characteristic of the species. A striking contrast to
this condition is found in 8. minor in which the pharyngeal musculature is greatly reduced
and the muscular pad is not developed. The pharyngeal pad of S. papillocercus is simple
in comparison with that of the present form,

Reproductive Organs :

In the absence of male specimens only the female reproductive organs are described.
Ova are present from the eighty-fifth to the last segment. They are of comparatively
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large size. The structure of the nephridia and the spermathecae (receptacula seminis)
in the genital segments is similar to that in S. minor. The external aperture of the

TExT-F16. 19.—Saccocirrus cirratus, Aiyar and Alikunhi.
Transverse section through the highly developed pharyngeal muscles, X 700,

nephridium is large. The sperms inside the spermathecae take deep- stain in sections
and show themselves to be thicker than those of S. minor.

Remarks :

8. cirratus is unique amongst the members of the genus in the possession of well
developed anal cirri and of anal lobes devoid of adhesive papillae on the pygidium, in the
distinetly moniliform nature of the cephalic tentacles and in the extraordinary development
of the pharyngeal region.

Diagnostic Features :

Moderately long worms, 40 to 45 mm. long, with more than 200 setigerous segments;
cephalic tentacles moniliform; nuchal organs conspicuous; one of the bristles of the
prapodium crutch-shaped, with one arm of the crutch short, the rest of the bristles with
smooth tips; pygidium bifurcated, with the anal lobes carrying no adhesive papillae;
a pair of long anal cirri arising dorsally from the basal portion of the anal lobes; pharynx
extending up to the thirtieth segment, having a conspicuous muscular ventral pad and
strong development of muscles around; and gonads (female) developing from the eighty-
fifth segment backwards.

Locality :

Inter-tidal zone; Madras heach.

SUMMARY.

1. Six species of Archiannelids—all new to Science—belonging to the genera
Polygordius, Protodrilus and Saccocirrus are recorded from the Madras coast.

2. The preference of the species to definite regions of the tidal zone is pointed out.

3. TFull details are given in regard to the external features and internal anatomy,
especially of the reproductive system, of all the six species.
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EXPLANATION OF LETTERING IN TEXT-FIGURES.

ac. .. Acrosome. he. .. Head-cavity.
ad.gl. .. Adhesive glandular pad. Im. .. Longitudinal musecle,
ale. .. Alimentary canal. ne. .. Nerve cord.
am. .. Ampulla. nd. .. Nephridial duect.
an. .. Anus, nph. .. Nephrostome.
an.b. .. Anal bulb. n.or. .. Nuchsl organ.
an.c. .. Anal cirrus. np. .. Nephridiopore.
an.l .. Anal lobe. nu. .. Nucleus.
an.l.} .. Median (third) anal lobe. 0. .. Ovum.
blv. .. Blood vessel. 0e.co. .. Oesophageal connective.
cil. .. (Cilia. om. .. Oblique muscle.
cil.b. .. Ciliated band. pa. .. Parapodium.
cil.f. .. Ciliated furrow. pal. .. Palpoecil.
cir.m. .. Circular muscle. pe. .. Penis.
cb. .. Cephalic tentacle, ph. .. Pharynx.
cu. .. Cuticle. ph.p. .. Pharyngeal pad.
cu.r, .. Cuticular rod. py. .. Pygidium.
d.blv. .. Dorsal blood vessel. s. .. Septum.
d.lm. .. Dorsal longitudinal musele, 8g. .. Salivary gland.
d.mes. .. Dorsal mesentery. sp. .. Sperm.
dpb. .. Dark pigment band. spd. .. Sperm.duct.
e. .. Eye. Sps. .. Sperm-sac.
ep. .. Epidermis. ste. .. Statocyst.
ep.gl. .. Epidermal (adhesive) glands. t. .. Tail,
f.spd. .. Funnel of sperm-duct. v.blv. .. Ventral blood vessel.
glp. .. (Glandular prominence. v.g. .. Ventral groove,
glr. .. Glandular rod. v.lim. .. Ventro-lateral longitudinal muscle.
gpgr. .. Green pigment granules. v.m. .. Ventral longitudinal muscle.
grb. .. Granular body. vames. .. Ventral mesentery.
h. .. Head.
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