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1. INTRODUCTION.

The ‘enteronephric’ type of nephridial system in earthworms was first described by Professor
K. N. Bahl (1919) in several species of the genus Pheretima. Since that date he has found
this type of nephridial system in two species of Lampito (1924), in one species of Woodwardiella
(1926), in several species of T'onoscolex (1941), and recently in four species of Megascolex (1942
and 1944). In one of his recent memoirs (1942), Bahl writes, ‘I believe that a careful exam-
ination will reveal that many, if not all, of the species of Megascolex possess an enteronephric
type of nephridial system essentially similar to that of Pheretima.” His prediction has come
-out true, for I have found this type of nephridial system in three more species of Megascolez,
t.e. M. trivandranus, M. travancorensis (var. ghalensis, var. proboscidea and var. typicus) and
M. auriculata.
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Megascolex is a large genus comprising 117 species, of which 56 have been recorded from
India and Ceylon. The study of the nephridial system in this and other genera has suffered,
firstly, because very few workers have taken the trouble of dissecting the posterior region of
the worms, which alone generally possesses the enteronephric meronephridia, and secondly,
because of the unfortunate lead given by Michaelsen in 1916 under which the classification
of the sub-family Megascolecinae into genera and species came to be based on the condition
of the prostates rather than on that of the nephridia. As Stephenson (1923) puts it, ‘The
prostates are now all-important, the nephridia negligible.” It is not surprising, therefore,
that systematists have shown a tendency to neglect the study of nephridia; in fact, the
accounts of the nephridia of the several species of Megascolex are very meagre indeed.

The species Megascolex trivandranus was instituted by Stephenson (1916) who describes
the nephridial system of this worm as follows: ‘Behind the clitellum the micronephridia are
arranged in a transverse row or band, just behind the septum ! in each segment, which does not
attain the mid-dorsal region. In segments XIV to XVI the arrangement is similar, but the
individual nephridia are very considerably larger, with much more numerous coils; in XII
the row is very short and consists of one or two large tufts only. In front of the clitellum
there are no nephridia on the body-wall; but in each segment by the side of the alimentary
canal there is a considerable stalked tuft with numerous branches. The first tuft of the series
is a large one connected with the hinder angle of the pharynx.” It is apparent that Stephenson
did not examine the nephridia of the posterior region of the body where they do not merely
lie ‘ just behind the septum’, but are actually attached to each septum and are true enteronephric
septal nephridia. Further, as in other enteronephric species of Megascolex, they fully reach
the mid-dorsal region. ‘

The species M. travancorensis was instituted by Michaelsen (1913) who described four
varieties of it, i.e. var. typicus, var. quilonensis, var. ghatensis and var. bonaccordensis. 'To
these Stephenson (1916) added a fifth variety, i.e. var. pentagonalis, while Aiyar (1929) added
a sixth, t.e. var. proboscidea. Neither Michaelsen nor Stephenson seems to have examined
the condition of the nephridia in these worms; in fact, they both scrupulously avoid any
mention of the nephridia in their descriptions. Aiyar, however, describes the nephridial
system of var. proboscidea as follows: ‘The excretory system is micronephridial. In the pre-
clitellar segments there are one pair of large tufted nephridia per segment; in the clitellar and
post-clitellar regions there are a small number of micronephridia per segment attached to the
parietes on each side. The parietal nephridia in the clitellar segments are fewer in number
and larger than those of the segments behind.” Apparently Aiyar did not examine the nepridia
of the posterior region of the worm as he failed to notice the essential facts that the nephridia
in the posterior region of the worm were attached to the septa and not to the parietes, and that
they were enteronephric.

The species Megascolex auriculata was instituted by Aiyar in 1929, who describes its nephri-
dial system as follows: ‘Tufted nephridia, one pair per segment, are present in the anterior
segments. In the clitellar region the tufts are flattened and plate-like, and are composed of
long winding tubes. In the post-clitellar region there are, in each segment, 5 or 6 small tufts
on each side attached to the posterior face of the septum.” Unfortunately Aiyar did not examine
the post-clitellar nephridia carefully, as he did not make a distinction between the integu-
mentary nephridia which are present in the first 134 post-clitellar segments, and the truly
septal nephridia which are present in the last 51 post-clitellar segments and are enteronephric.

I am very grateful to Professor K. N. Bahl who suggested this piece of work to me and
whose kind guidance and help I have had throughout the course of the work. He has also
found time to read through and correct my manuscript and has made many valuable sugges-
tions. 1 am very thankful to Dr. M. L. Bhatia who has very kindly helped me in the making
of illustrations. The material for this work was sent to Professor Bahl by Dr. N. K. Pannikar
of the University of Travancore to whom by best thanks are due.

2. TaeE NEPHRIDIAL SYSTEM OF MEGASCOLEX TRIVANDRANUS.
(a) The General Plan of the System.

The general plan of the nephridial system of this earthworm (Text-fig. 1) is similar to
that of M. cochinensis (Bahl, 1942), but there are a few differences which are detailed below.

1 The italicising is mine.
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The nephridia are all minute and are beyond doubt meronephridia. They can be classified
into four categories: (1) the septal meronephridia which are found only in the last forty-nine
segments; these nephridia possess pre-septal funnels and are enteronephric, discharging their
excretory products into the intestine in each segment; (2) the iniegumentary meronephridia,
which occur in the last three clitellar segments (the clitellum extends over four segments, z.e.
14th to 17th, of which the first possesses tufted nephridia) as well as in the anterior 34 post-
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TexT-F1¢. 1. The general plan of the nephridial system in Megascolex trivandranus (semi-diagrammatic).
Numerals on the left indicate the serial numbers of segments. For the sake of clearness fewer nephridia are
shown than are actually present. c.g., cerebral ganglia; cl., clitellum; d.v., dorsal vessel; giz., gizzard; t.n.,
integumentary nephridia; int., intestine; ph., pharynx; ph.n., pharyngeal nephridia; ph.n.c., bundles of car}als
of pharyngeal nephridia; s.n., septal nephridia which begin from the 51st segment; t.c. 13, bundles of terminal
canals of the tuffed nephridia of the 13th segment; t.n. 10, t.n. 11, tufted nephridia of the 10th and 11th
segments. (Xcir. 7.)

clitellar segments; these nephridia are attached to the parietes, have no funnels and
are exonephric; (3) the tufied meronephridia which are found in the 6th to 14th segments;
they are also without funnels and are exonephric; (4) the pharyngeal meronephridia which
form a pair of large tufts in the 5th segment just in front of the gizzard, the anterior one-fourth
of which is situated in the 5th and the remaining three-fourths in the 6th segment; they also
bave no funnels, but discharge their excretory products into the lumen of the pharynx, and
are, therefore, enteronephric. These four kinds of nephridia are represented semi-diagram-
matically in Text-fig. 1.
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(b) The Enteronephric Septal Nephridia and their Ducts and Openings.

There are no septal nephridia in the pre-clitellar region, nor are they present in the clitellar
and the first thirty-four post-clitellar segments. In a specimen of Megascolex trivandranus
with a total number of 99 segments, the septal nephridia were seen to begin from the fifty-first
segment, so that the septa of the first fifty segments did not bear any septal nephridia, the
first septum having nephridia attached to it being the septum 50/51. From this septum back-
wards all the septa bear nephridia, so that septal nephridia occur in all the posterior 49 segments;
in other words, the posterior half of the worm contains septal nephridia. Each septum bears
12 to 15 nephridia on each of its right and left sides, attached to its outer border at the place
where the septum joins the body-wall. The nephridia form a row on the posterior face of

Ant. Post.

TexT-Fi6. 2. A disgrammatic representation of the enteronephric nephridial system and its relative
position in Megascolex trivandranus. b.aw., body wall; c., chaeta; c.e.c., common excretory canal; d.v., dorsal
vessel; f., funnel of & septal nephridium; int., intestine; i.s., intersegmental septum; L.n.v., lateral neural vessel;
0., opening of the common excretory canal into the lumen of the intestine ; s.n. 1, s.n. 2, septal nephridia of
the right and left sides ; v.n.c., ventral-nerve cord ; ».v., ventral vessel; ¢.n.c., terminal nephridial canal.

each septum, while their funnels form a linear row on its anterior face. The nephridia
towards the dorsal side of the worm are large, while those towards the ventral side are

TEXT-FI1G. 3. A. A large septal nephridium of Megascolex trivandranus (X cir. 177). B. The preseptal
funnel ( X cir. 368). c.c., central cell; c.e.c., coelomic epithelial cell; f., funnel; f.n.t., first part of the nephri-

dial cansal; LlL., lower lip; m.c., marginal cells; s.1., straight lobe; t.l., twisted loop; t.n.d., terminal nephridial
duct; w.l., upper lip.
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slightly smaller. Further, these nephridia go on increasing in size as we proceed towards
the posterior or anal end of the worm.

An individual nephridium (Text-fig. 3) consists of: () the pre-septal funnel, and (b) the
post-septal body of the nephridium. These two parts of the nephridium are similar to those
of M. cochinensis (Bahl, 1942). All the septal nephridia, even in the same segment, are not
of the same size; the difference in size is easily noticeable in their funnels, which are large or
small according to the size of the nephridia. This difference in size of the nephridia has also
been found by Bahl in M. cockinensis (1942). The funnel is rounded in appearance;
a large funnel measures 42y in diameter (Text-fig. 3B), while a small one measures only about
19u in diameter. The upper lip of the funnel consists of a central cell and nine to ten ciliated
marginal cells, while the lower lip is formed of a large number of compaectly grouped cells recog-
nisable by their nuclei only. The actual opening of the nephrostome in a large funnel measures
about 21u from side to side and about 13u dorso-ventrally. The body of the nephridium is
closely similar to that of M. cochinensis and consists of a short straight lobe and a spirally
twisted loop which, on an average, measure about 185, and 248y in length respectively (Text-
fig. 3A). The terminal canals of the nephridia are very long and follow a wavy course for the
greater part of their length on the posterior face of the septum as shown in Text-fig. 2. Each
canal is about 5p in diameter; it is thin-walled and non-ciliated throughout. The terminal
canals of each side join one another to form one canal which meets a similar canal of the
other side to form a common canal in the mid-dorsal line between the dorsal vessel and the
roof of the intestine. This common canal pierces the roof of the intestine and opens into the
intestinal lumen in the mid-dorsal line (Text-fig. 4). There is no typhlosole in the intestine of

TEXT-FIG. 4. A reconstruction from a few consecutive sections passing through the intestinal region
of Megascolex trivandranus showing the terminal excretory canals of the two sides uniting to form a common
eanal which opens into the lumen of the intestine. c.e.c., common excretory canals; cil.ep., ciliated epithelium;
d.v., dorsal vessel; int., wall of the intestine; ¢.s., intersegmental septum; o., opening of the common excretory
canel into the intestinal lumen; t.n.c., terminal nephridial canals of septal nephridia. (X eir. 200.)

this worm, but the epithelium in the typhlosolar region forms a flat saddle-shaped structure,
in the middle of which the common nephridial canal opens. Thus we find that the nephridial
canals of each segment open separately in each segment as in M. cockinensis (Bahl, 1942),
and that there is no continuous supra-intestinal excretory duct in this worm.

(¢) The Integumentary Meronephridia.

The integumentary meronephridia occur from the I15th to the 50th segment.
In three of the clitellar segments (15th to 17th) the integumentary meronephridia are larger
in size than those in the post-clitellar segments. In the clitellar segments the integumentary
nephridia are about fifteen in number, while in the post-clitellar region there are about 12 to
15 nephridia in each segment forming a narrow band in the anterior part of each segment just
behind the intersegmental septum. They are thus arranged in the same manner as the bodies
of the septal nepbridia, but have no connection with the septum. Instructure also they resemble
the septal nephridia but lack a funnel and their short terminal canals open on the surface of
the body-wall and not into the intestine. These nephridia are, therefore, exonephric.
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(d) The Tufted Meronephridia.

The tufted meronephridia (Text-fig. 1) occur in the last eight pre-clitellar segments and
the first clitellar segment, i.e. from the 6th to the 14th segment, as in the case of M. cochinensis.
In the posterior part of each of these nine segments, on either side of the gut, lies a mop-shaped
structure consisting of a large number of nephridia in one bunch and a long sheaf of ductules
corresponding to the handle of the mop. The first eight paired bunches are large and consist
of 50 to 60 nephridia in each bunch, but the last, belonging to the 14th segment, is very small
and consists of only 20 to 25 nephridia in each bunch. Unlike the integumentary nephridia
which are attached to the parietes all the way from the ventral nerve-cord to the mid-dorsal
line, the tufted nephridia float in the coelomic cavity close to the posterior septum of each
segment.  The terminal canals of the nephridia of each tuft are united together by connective
tissue to form a bundle of ductules which, in a dissection, looks like a flat ribbon running for-
ward along the inner surface of the body-wall. These ductules open individually on the body-
wall through minute apertures either in the anterior part of the same segment or in the segment
in front. In fact, the ductules of the tufted nephridia of segments IX to XIV open on the
body-wall at the anterior ends of their own segments, close to the septum in front, while the
ductules of the tufts of 6th, 7th and 8th segments extend over two segments, so that the ductules
of the nephridia of the 6th segment open on the body-wall of the 5th segment, those of the
7th segment open on the 6th segment, and those of the 8th segment open on the 7th segment
(Text-fig. 1).

In structure these nephridia resemble the integumentary nephridia but are larger in size
and have much longer ductules. Like the integumentary nephridia they are also exonephric.

) TexT-¥16. 5. A. A transverse section of Megascolex trivandranus passing through the pharyngeal
region showing two canals of the pharyngeal nephridia in the floor of the pharynx, of which one is opening
into the pharyngeal lumen. b.w., body wall; d.v., dorsal vessel; oes., oesophagus; ph.g.c., pharyngeal gland
cells; ph.dl., duct of the pharyngeal nephridia of the left side opening into the lumen of the pharynx; v.n.c.,
ventral nerve cord; v.v., ventral vessel. (X cir. 49.)

B. Part of Text-fig. 5A (marked by a rectangle) highly magnified showing one pharyngeal nephridial
duct opening into the lumen of the pharynx and the other lying close to the pharyngesl epithelium. ep. lin.,
internal epithelial lining of pharynx; ph.d!., a duct of the pharyngeal nephridia opening into the lumen of the

pharynx; ph.d®., a duct of the pharyngeal nephridia meeting the wall of the pharynx to open a few sections
in front. (X cir. 308.) .
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(e) The Pharyngeal Meronephridia.

The pharyngeal nephridia form a single pair of large tufts in the fifth segment, one on
each side of the anterior region of the gizzard (Text-fig. 1), each tuft consisting of about 80 to
90 nephridia. In size and structure each nephridium resembles a component of the tufted
nephridia, consisting of a short straight lobe and a long twisted loop, without a funnel. The
terminal canals of the nephridia of each tuft run close together and form a band-shaped structure
on each side, consisting of separate canals held together by connective tissue, like the sheaves
of ductules of the tufted nephridia. But these ductules open into the lumen of the pharynx
through its floor in the middle part of the third segment (Text-figs. 5A and 5B) by a large
number of openings. The pharyngeal nephridia are, therefore, enteronephric.

It is clear that the tufts of the pharyngeal nephridia are serially homologous with the
succeeding nine pairs of tufted nephridia but unlike the latier, they open into the pharynx,
and not to the exterior.

TEXT-FIG. 6. A semi-diagrammatic representation of the nephridial system in the anterior twenty-one
segments of Megascolex auriculata. For the sake of clearness fewer nephridia are shown than are actually
present. cl., clitellum; giz., gizzard; int., intestine; ph., pharynx; ph.n., pharyngeal nephridia; ph.n.c., bundles
of canals of pharyngeal nephridia; ¢.c., bundles of terminal canals of the tufted nephridia; ¢.¢.n., tufted integu-
mentary nephridia; t.n., tufted nephridia. (Xxcir. 4}.)
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3. TaE NEPHRIDIAL SYSTEM OF M. AURICULATA.

Megascolex auriculata is a longer worm consisting of 203 segments as against 99 in M.
trivandranus. But as the nephridial system of M. auriculote closely resembles that of M.
trivandranus it is not necessary to give a detailed account of the entire system; I am, therefore,
enumerating only those points in which the nephridial system of M. auriculate differs from
that of M. trivandranus. (1) In M. trivandranus the septal nephridia are found in the posterior
one-half of the body, but in M. auriculate they are confined only to the posterior one-fourth
of the worm, i.e. from septum 151/152 to the posterior end, the first 151 segments being without
any septal nephridia. (2) In M. trivandranus the septal nephridia are of two sizes—large
and small, consequently the funnels also are of two sizes—large and small, butin M. auriculata
all the septal nephridia and their funnels are more or less of the same size. A nephridial funnel
of M. auriculata is nearly of the same size as the large funnel of M. irivandranus but the former
has eleven ciliated marginal cells, while the latter has only nine. (38) In M. trivandranus the
integumentary nephridia extend from the 15th to 50th segment, while in M. auriculata they
extend from the 14th to 151st segment. But in segments XIV to XXT, these integumentary
meronephridia form a thickly set cluster on the body-wall on each side of the alimentary canal
in each segment (Text-fig. 6). The ductules of these nephridia lie close together, each ductule
opening on the body-wall separately as close to its nephridium as possible. Of these clusters,
the first four pairs are large and consist of 40 to 50 nephridia, but the last four pairs are small
and contain only 10 to 15 nephridia. These meronephridia are intermediate in structure between
the tufted meronephridia and the integumentary nephridia. They resemble the tufted mero-
nephridia in the manner of their distribution but differ from them in possessing very short
ductules. They resemble the integumentary nephridia in the manner of their opening, i.e.
by means of short ductules, but differ from them in that they are grouped into a bunch in a
small area of the segment and are not spread evenly over the entire surface of the parietes of
each segment as shown in Text-fig. 6. (5) The pharyngeal nephridia form a paired bunch in
the 5th segment which is more or less identical with that of M. trivandranus.

4. Tuae NEPHRIDIAL SYSTEM OF MEGASCOLEX TRAVANCORENSIS VAR, PROBOSCIDEA, GHATENSIS
AND TYPICUS,

Of the six varieties of M. travancorensis, T could obtain specimens of only three, i.e. var.
- ghatensis, var. proboscidea and var. typicus to examine their nephridial system. My observa-
tions on var. fypicus are incomplete because I had only one already dissected and partially
destroyed specimen. The nephridial system of these three varieties may be considered from
two points of view: firstly, how it resembles and differs within the three varieties, and secondly,
how it compares with the nephridial system of M. trivandranus and M. auriculata.

As regards the distribution of septal nephridia, they occur in the posterior one-third of
the worm in var. proboscidea, while in var. ghatensis they occupy the posterior one-fourth to
one-third of the worm. In var. proboscidea the total number of segments is 150 and the septal
nephridia occur in the last 53 segments, while in var. ghatensis the total number of segments
is 186 to 202, and the septal nephridia are present in the last 57 to 60 segments. I could not
ascertain the exact distribution of the septal nephridia in var. typicus. The funnels of the
septal nephridia of these varieties have been examined carefully, and it has been found that
the funnel in var. typicus is the smallest being only 18x in diameter, while the funnels in the
other two varieties are about 37y to 44p in diameter. It is noteworthy that in spite of the
differences in size, the number of ciliated marginal cells in the funnels is 11 to 14 in all the three
varieties.

In var. proboscidea and ghatensis the tufted meronephridia occur from segments VI to X1I
and VI to XIIT respectively. In the clitellar region which extends from § XIII to 3 XVII
in proboscidea and } XIV to XVII in ghatensis, the integumentaries form a ‘forest’ of nephridia,
while they lie in a single row in M. trivandranus and form a flat plate-like tuft in M. auriculata.
In var. proboscidea the integumentary nephridia are found from segment 13th to 97th, s.e.
in the clitellar and the first 80 post-clitellar segments. In var. typicus I could not ascertain
the exact anterior limit of the septal nephridia, and so I could not count the number of post-
clitellar segments in which the integumentary nephridia are found, since the latter occur in
front of the septal nephridia.

The pharyngeal nephridia form a paired bunch in the 5th segment in all the three varieties;
this distribution is identical with that in Megascolex trivandranus and Megascolex auriculata.
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A remarkable feature in the nephridial system of var. proboscidea and ghatensis is the
presence of vestigial septal nephridia already described by Bahl (1942) in Woodwardiella pumila
and M. cochinensis. 1 am describing this feature under a separate heading below.

5. VESTIGIAL NEPHRIDIA,

Bahl (1924) has already described cases of vestigial funnels of nephridia in Hoplochaetella
and Lampito and of vestigial nephridia in Woodwardiella pumila and Megascolex cochinensis
(1926 and 1942). In Woodwardiella pumila there are no functional septal nephridia at all,
but only vestiges of septal nephridia, while in Megascolex cochinensis Bahl found vestigial
septal nephridia interspersed amongst the fully formed functional septal nephridia.

Of the two varieties of M. travancorensis containing vestigial nephridia, var. ghatensis
shows a condition similar to that found in M. cochinensis, i.e. the vestigial nephridia are found
interspersed amongst the fully formed septal nephridia, but in var. proboscidea no vestigial
nephridia are found amongst the fully formed septal nephridia. But both these varieties present
an entirely new and interesting feature which has not been recorded so far in any other earth-
worm. As stated above, the fully formed functional septal nephridia are present in the last
53 segments in var. proboscidea and in the last 57 to 60 segments in var. ghatensis, but in a number
of preceding segments one finds that the septa bear nephridia all along their length but these
nephridia are all very minute and rudimentary (Text-fig 7), i.e. they are arrested in develop-
ment and are strictly comparable with the embryonic nephridia, there being no functional
septal nephridia at all on these septa. That these are really septal nephridia is shown by the
fact that they clearly show a pre-septal funnel-rudiment and a post-septal body-rudiment
of the nephridia. Another interesting feature is that these embryonic nephridia show all
stages of development on succeeding septa in a regular series ag shown in Text-fig. 7. Of the

TEXT-FIG. 7. Rudimentary nephridia as seen on successive septa of Megascolex travancorensis var.
proboscidea. The smallest nephridia (A) lie on the anterior septa (91st, 92nd, etc.), while succeeding septe
bear progressively larger rudimentary nephridia B, C and D. (Xecir. 227.)

septa bearing rudimentary septal nephridia in var. proboscidea, the first five or six show
most rudimentary nephridia (about 22p in length), the next few septa show the rudi-
ments larger in size (about 73y in length), while the next few septa show still larger rudimentary

TExXT-¥16. 8. Rudimentary nephridia of M. travanrcorensis var. proboscidea of more or less the same size
on one septum (semi-diagrammatic); b.n., body of the rudimentary nephridium; f., funnel of the rudimentary
nephridium  i.s., intersegmental septum. ( X cir. 88.)
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nephridia (about 103u in length) and so on, until we get the fully formed functional septal
nephridia. We might, therefore, say that the septal nephridia in var. proboscidea are really
found in the last 93 segments, of which the first 40 segments contain rudimentary non-functional
septal nephridia, while the last 53 segments contain functional septal nephridia. The rudi-
mentary nephridia show a regular progressive development in an antero-posterior direction,
so that amongst the 40 segments in which they occur; the best developed rudimentary nephridia
are found in the posterior segments and the most rudimentary are seen in the anterior
segments.

In var. ghatensis, on the other hand, the rudimentary nephridia are found only on thirteen
septa in front of the last 57 to 60 septa, which bear fully formed functional nephridia, but even
in these thirteen segments there is a progressive development in size of the rudimentary nephridia
in the antero-posterior direction as in war. proboscidea.

The presence of vestigial nephridia in front of segments containing adult septal nephridia
in the two varieties of M. travancorensis led me to examine specimens of M. cochinensis in which
Bahl (1942) had described vestigial nephridia. As described by Bahl, vestigial nephridia are
found interspersed amongst the adult nephridia from the 74th segment backwards, but I found
that septa XL to LXXIV had numbers of vestigial nephridia alone attached to them. Apparent-
ly Bahl missed the presence of these vestigial nephridia in 34 segments in front of those con-
taining adult functional nephridia. This brings the distribution of rudimentary or vestigial
nephridia of M. cochinensis into line with that in the two varieties of M. travancorensis.

6. DISCUSSION AND SUMMARY.

With the discovery of the enteronephric system in Megascolex trivandranus, M. auriculata
and M. travancorensis, this type of nephridial system is now known in seven species of Megas-
colezx, as it has already been described by Bahl (8) in four other species of this genus. In these
species of Megascolex the enteronephric system is found only in the posterior one-fourth to
one-half of worm and never possesses a supra-intestinal excretory duct, so that it is very lowly
organised as compared with the system in Lampito and Pheretima in which the enteronephric
system occupies nine-tenths of the body and possesses a well-developed supra-intestinal duct.
In the present state of our knowledge the ‘high watermark’ of the system is reached in Pheretima
and these three species of Megascolex show the system at its lowest level, since even a well-
developed septal excretory canal is absent in them. One cannot imagine the enteronephric
system becoming simpler than as we find it in these species, so that we would not be wrong
in saying that they exhibit the system at its ‘low watermark’, since any further simplification
would destroy the essentials of this type of nephridial system. The origin of the enteronephric
system still remains a matter of speculation, but some light is thrown by the presence and
distribution of the vestigial septal nephridia in these species of Megascolezx.

A new fact described in this paper is the presence of only vestigial septal nephridia on a
number of septa in front of those bearing fully formed septal nephridia. They look exactly
like embryonic nephridia in various stages of development and would be readily mistaken
for developing septal nephridia of an embryo, if it were not disclosed that they were taken
out from adult fully clitellate worms. The significance of these embryonic nephridia arrested
in development is difficult to assess. Is it possible that they represent an unsuccessful attempt
on the part of the worm to form numerous septal nephridia in the anterior post-clitellar segments
of the body, an attempt which has succeeded in the posterior segments? In his work on the
embryology of the nephridia of Pheretima, Bahl (1922) has postulated that the early nephridial
or funnel cells get caught between the two mesodermal sheets of a septum and there proliferate
to form the numerous septal nephridia. This conclusion of his based on actual facts of embryology
receives strong support from the condition and distribution of vestigial and fully formed nephridia
in the three species of Megascolex. It would seem that the early nephridial cells travelled
into the septa and formed septal nephridia all along the length of the septa; on the anterior
septa they remained rudimentary, while on the posterior septa most of them formed adult
nephridia but even here a few remained rudimentary. That the rudimentary nephridia show
a gradation in size on successive septa lends further support to these considerations. The
only difficulty is to explain as to why the vestigial nephridia occur in front, and the fully formed
nephridia behind, because generally serially repeated structures are better developed in the
anterior part of an animal rather than in the posterior. Probably the explanation for this
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is to be sought in the fact that the enteronepbric system is developed only in connection with
the intestine and not with the anterior region of the alimentary canal where it may prove
harmful to the digestive metabolism of the earthworm, and it is, therefore, best developed
posteriorly. Even in Tonoscolex (Bahl, 1941) where the enteronephric system is present roughly
in the posterior half of the body, the nephridia are rudimentary or ill-developed in the first
few segments but go on increasing in number and size posteriorly as in the different species
of Megascolex.
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