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On the Structure of a New Genus of Oligochreta 
(Deodrilus), and on the Presence of Anal 
Nephridia in Acanthodrilus. 

By 

Frank E. Beddard, M.A.., 
Prosector of the Zoological Society of London. 

With Plates XXXIII and XXXIIIA. 

I. On the Structure of a New Genus of Oligochreta. 

THE present paper is based upon the study of only a single 
example of the worm. It was collected some years ago by 
Prof. Moseley in Ceylon, and was kindly entrusted to me for 
description by Prof. W. Hatchett Jackson. 

The specimen measures thirteen inches in length by nearly 
half an inch in diameter at the broadest part (at the end of 
the 8th or 9th segment). Its intermediate characters lead 
me to suggest the generic name Deodril us; the specific name 
I propose to associate with Mr. Jackson. 

§ External Characters. 

The prostomium is entirely absent, as it is in some other 
genera allied to the present. 

The first or peristomial segment is t1·aversed by longitu­
dinally running grooves, which give it a characteristic appear­
ance, often seen in worms wl1en there is, as in this genus, no 
prostomium.1 

The three following segments are of about equal antero­
posterior diameter, though increasing rapidly in their breadth 
from side to side. 

1 Of., for example, .Beddard (1). 
VOL. xxxr, PART IV.-NEW SER. I I 
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The 5th segment is the first which shows the commencing 
formation of annuli. A slight furrow crossing this segment 
partially divides it into two rings ; the setre are implanted just 
in front of this furrow. 

The 6th ring is similar to the fifth, only that it is slightly 
longer. 

The 7th ring is broader still, and is divided by two furrows 
into three annuli, the setre being conspicuous upon the middle 
one of the three. 

The 8th to the 14th segments a1·e ve1·y broad, and each is 
divided by four furro,vs into five annuli, of which the middle 
one carries the setre. 

The 14th segment, though of equal diameter to those 
preceding it, has only three furrows; but there is an indica­
tion of the fourth. 

The 15th and 16th have three annuli each. 
After this point I cannot give accurate details, as the 1·idges 

which carry the male generative pores have introduced altera­
tions into the annuli of the neighbouring segments. 

Clitellum.-I am unable to map exactly the boundaries of 
the clitellum, as it did not appear to be fully developed. 

On dissection, only two segments (15 and 16) sho,ved a 
very marked difference in the structure of the body-wall from 
the others ; here the deep yello,v colour was veTy apparent, and 
was fully as well developed on the ventral as on the dorsal side. 

The genital orifices, as already stated, are borne on t,vo 
longitudinally 1·unning ridges, coinciding in position with the 
ventral series of setre on each side. 

These ridges, particula:rly in the immediate neighbou1·hood 
of the male pores, had _a very glandular appearance. It is quite 
possible that the clitellum when fully developed extends as far 
as these ridges do. 

In that case it may be stated provisionally that the clitellum 
extends over four segments (viz. 15-18). 

It will be noted, however, that the clitellum differs in its 
anterior and posterio1· regions. The first two segments are 
entirely invaded by glandular substa11ce, w bile the three posterio1· 
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segments will in all probability be found to have a median area 
upon which there is no great modification of the epidermis. 
This a1·ea is of course bounded late1·ally by the genital ridges. 
It seems, therefo1·e, that theclitellt1mof D eodrilus is consti­
tuted upon the same plan as that of A can thodril us. 

Dr. Rosa has made some use, in his scheme of classification 
of earthworms, of the form of clitellum, which he terms saddle­
shaped ('' clitello a sello ''), or complete( ' ' cingulo completo ''), 
admitting that Acanthodrilus offers an intermediate con­
dition. 

The fact is that it is not possible to classify the various modi­
fications of the clitellum in this way. 

There is a considerable series of gradations which renders it 
impossible to make a fixed demarcation between the different 
forms of clitellum. To commence at one extreme, we have 
species of Lumbricus and Allolobophora with a distinc­
tively saddle-shaped clitellum: in these forms the glandular 
modified epidermis is only to be found on the dorsal and lateral 
regions of the clitellum; ventrally there is a wide space of equal 
diameter throughout, which ha::s no trace of glandular tissue. 

In such a form as Rhi11od1·ilus Gulielmi the cljtellum 
is divisible into two regions: in the last six segments of which 
it is composed the glandular substance is arranged quite as in 
Lumbricus; but in the first four the ventral area is en­
croached upon by the glandular tissue, though it is not 
completely invaded. 

In U ro chret a the clitellt1m is constituted in a way quite 
resembling that of Rhinod ril us, but the anterior bare ventral 
space appears if anything to be somewhat narrower. 

In Deodrilus (which, as will be shown later, has points of 
affinity with Rhinodrilus) the ante1·ior part of tl1e clitellum 
is completely developed-extends all round the body-but the 
greater part is still only laterally developed. 

Ac ant hod ri l us has a clitell um in which the anterior portion 
is at least as great as, and may be greater than, the hinder 
portion, which still retains its saddle-shaped cl1aracter. 

Finally, we have sucl1 a form as P erionyx, in which tl1e 
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six or seven segments of the clitellum are completely occupied 
by the modified epidermis.1 

Hence it appears to me to be inadvisable to use the 
characters of the clitellum to help in associating together, as 
Rosa has done, his families Lumbricidre and Geoscolecidre. 
The structure of Deodril us shows that this cannot be done; 
and there are, among the Geoscolecidre of Rosa, intermediate 
conditions leading to D eo d ril us . 

Genital Papillre.-Most earthworms are furnished with 
genital papillre, which are often very characteristic of the 
species in which they are found. 

De o d r i 1 us is not al?- exception to this rule, and has two 
sets of genital papillre. 

The first set consists of a single pair of large flattened 
papillre, which are fused together to form a dumb-bell shaped 
a1·ea extremely co11spicuous. The outer convex border on each 
side reaches to the level of the inner setre of the outer pair. 

The papillre (see Pl. XXXIII, fig. 12>p) are situated between 
the 11th and 12th segments; they occupy the last annulus of the 
former segment and the fiTst two annuli of the latter : the furrows 
dividing the annuli and the two segments from each other can be 
seen as faint lines traversing the papillre. The furrow separating 
the last annul11s of Segment 11 from the penultimate forms the 
anterior boundary of the papillre, while its posterior boundary 
is formed by the furrow separating the second from the third 
annulus of Segment 12. The second set of genital papillre are 
very much less conspicuous; they are to be found near the male 
genital pores, and no doub't correspond to the tubercula puber­
tatis : in front of eacl1 of the male orifices are two papillre-one 
in front of the otl1er; and behind each is a single papilla. So 
far as I can ascertain, they belong to Segments 17, 18, and 
19; but, as I have already said, it is difficult to be certain 
about the limits of the segments in this 1·egion of the body. 

Se tre.-The setre are entirely restricted to the ventral 
surface of the body, where they are implanted in pairs. 

1 I do not for the present consider bow far the form of the clitellum may 
be influenced by the positiou of the generative pores. 
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On the 8th segment I fot111d that the distance separating 
the two ventral pairs from one another was 2½ mm.; the 
lateral pairs were separated by a dorsal area measuring 14 mm. 
The shape of the setre is very remarkable, and is illustrated 
in fig. 18. Their general outline is similar to that of the 
setre of other earthworms, but instead of terminating in a 
hooked extremity they present a truncated appearance, which 
will be understood by a reference to the figure cited. It 
occurred to me, when first observing the setre attached to 

· fragments of stripped-off cuticle, that they might be of tl1e 
normal form, but witl1 their extremities broken off. It fre­
quently happens, as a result of rough usage, that the majority 
of the setre, or at any rate a large number, are broken off 
short; but it is evident that that is not what has happened in 
the present case. The free extremity of the setre showed no 
signs of having undergone any fractl1re ; and, mo1·eover, the 
shape of the freely proj ecting extremity is not sucl1 as would 
be produced by a fracture, or wear and tear. 

The setre illustrated in fig. 18 are drawn as seen on a 
lateral view ; a and b represent the free extremities of such 
setre more highly magnified. 

Another peculiarity in the structure of the setre is the fact 
that their distal r egion, i. e. that part which lies external to the 
slight swelling in the middle of the setre, is ornamented by 
minute pointed processes. 

The description just given, and the figures which illustrate 
it, refer to setre from the first t en segments or so; but I have 
ascertained that the setre in the posterior segments are abso­
lutely identical in size and structure with those from the 
anterior segments. 

The first five segments of t he body are entirely deprived of 
setre; a microscopic examination of these segments did not 
enable me to find any trace of the presence of setre. 

The disappearance of t he setre from the first few segme11ts 
ofDeodrilus, and of the species of Diachreta ,vbich I de­
scribed recently in this J ournal (1), is a remarkable fact. 
No other instances are at present known among earthworms, 
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though possibly M icrochreta Rap pi may prove to be one; 
at any rate, it is excessively difficult to r ecognise the setre 
upon the first few segments ; I have not myself been able 
to find them at all. They are, however, figured by Benham 
(11, pl. xv, fig. 1) ; but he makes 11 0 definite statement as to 
their presence on the first two or thl'ee segments. Leaving 
Mi c rochret a aside, the absence of setre on the anterior seg­
ments is corl'elated with the entire absence of a prostomium. 
Not a vestige of this structure could be recognised in either of 
the two forms mentioned. This correlation, however, is not 
universal, for U ro c h re ta has no prostomium, and yet the 
setre are visible, as usual, from Segment 2 onwards. It is 
furthermore noticeable that in Diachreta Windlei the 
anterior non-setigerous segments show another modification in 
the presence of the specialised bundle of transversely 1·unning 
muscular fibres, which I have figured and described as occur­
ring in tbe segments beginning with the 6th. 

In most earthworms the first or peristomial segment is so 
fa1· unlike the rest that it is groovecl longitudinally, and that 
its epidermis is not clearly distinguishable into two classes of 
cells, or at least is not so clearly distinguisl1able as is the epi­
dermis of tl1e following segments. Sometimes this modifica­
tion appears to affect the 2nd as well as the 1st segment. 

In connection with this modification the varying positio11 
of the prostomium may be pointed out. Sometimes the 
prostomium is attached to the anterior bordel' of Segment 1; 
in other species it encroaches upon this segment, and finally 
it often completely divides the 1st segment, and reaches the 
anterior bo1·der of the 2nd. 

Earthworms, in moving along, use tl1e mouth as a kind of 
sucker, even protruding a portion of the buccal cavity; this 
is remarl{ably the case with Perichreta indica (3), which 
everts what appears to be the whole of the buccal cavity 
at each movement. Conversely, there is often a temporary 
withdrawal of the peristomial segment into the mouth-cavity. 
rrhese two phenomena appear to have led to the different enu­
meration of the segments of Urochreta adopted by P errier 
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(13)J Horst (12), and Rosa (10). As the latter has pointed 
out) Perrier appears to have described a specimen in which the 
buccal cavity was partly everted; while Horst) in statiug that 
the mt1COllS gland opened on to the first segment of the body, 
was deceived by the introversion of the peristomial segment. 

Among the half-dozen series of longitudinal sections of 
U ro c h re ta core t h ru ra w11ich I possess there is one in ,vhich 
the 1st and a portion of the 2nd segment are introverted, 
and the mucous gland appears, therefore) to open into the 
buccal cavity; in fact, it actually does open into a temporary 
extension of the buccal cavity. 

It isJ in my opinion) possible to believe that a temporary 
in t r o version, s uch a s that to which I have j us t refer re d, 
may become permanent. In this case what will happen 
are two events of importance. In the first place the body will 
be shortened by one segment; in the second place the '' mucous 
gland 'J will come to open into the anterior section of the 
alimentary tract. 

As to the second point) I may call attention to the remark­
able condition of the anterior nephridia in Acantbodrilus 
multiporus (4). In that worm the anterior segments are 
occupied by a mass of glandular tubes, clearly of neph1·idial 
nature, on each side of the pharynx. Eacl1 mass communicates 
with a long duct, which opens into the buccal cavity. lt 
seems impossible to doubt that the nephridial masses of this 
Acanthodrilus originally opened on to the exterior, and that 
their connection with the buccal cavity is only secondary. That 
this ''secondary'' connection may be really the original point 
of opening, masked by the partial or entire introversion of the 
1st segment, is surely not incredible. 

With rega1·d to the first point) the possible shortening of the 
body in this way in.valves really no serious difficulty, though it 
seems) of course, 1·ather ridiculous to gravely assert that a worm 
becomes shorter by swallowing its own head. The structure of 
the epidermis of the 1st segment is more like that of the buccal 
cavity than it is like that of the succeeding segments. 

These remarks, however, apply more particularly to such 
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worms as Diachreta and Deodrilu s, in which there is no 
prostomium, and in \V hich, therefore, such an inversion will 
cause no external change of importance. 

In worms which have a prostomium this structure may be 
prolonged backwards, so as to commence as an outgrowth of 
the 2nd segment; if, in such a case, the peristomial segment 
were permanently invaginated the prostomium wo11ld be left 
attached to the 1st segment of the body, i. e. in the more usual 
position; on the other hand, a permanent eversion of the com­
mencement of the buccal cavity in a worm in which the 
prostomium arises from the anterior margin of the peristomial 
segment would lead to the apparent prolongation of the pro­
stomium back to the 2nd segment. 

§ Reproductive Organs. 

I have not found the testes nor the ovaries and oviducts. 
Two pairs of sperm-sac s were to be seen attached to the an­
terior ,vall of the 10th and 11th segments; these organs are 
racemose in form, as in so many genera. 

The vas deferens funnels appear also to be limited to a 
single pair, which open into the 11th segment. 

The atrium, or prostate gland, is a compact flattened body 
on each side of the body connected by a short muscular duct with 
the male pore; it lies in the 18th segment. The atrium appears 
to be branched, and to resemble the same 01·gan in Perichreta. 

Connected also with the male reproductive apertures is on 
either side a thin-walled sac filled with penial setre. Two of 
these setre are shown in figs. 15, 16; it will be seen from 
an inspection of those figures that the form of the two setre 
selected for illustration differs very considerably. In one the 
distal extremity is covered with numerous minute points like 
those which cover tl1e distal half of the ordinary seta. In the 
other seta these points are entirely absent, and fine wavy lines 
are found on the distal part of the seta, ceasing, however, some 
little way in front of the extremity. 

I call particular attention to the fact that two such different 
forms of penial setre are met with in tl1e same individual, inas-
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much as these setre have been made use ofby myself and others 
as specific characters. 1 may recall the fact that in A can tho­
d ril us Georgianus (5) there is an analogous dimorphism 
of the penial setre. 

§ T he Inters e gm en ta 1 S e pt a. 

As is so constantly the case among earthworms, certain of 
the intersegmental septa are specially thickened, as well as con­
nected with each other and with the parietes by muscular 
bands. 

In the present species the septa between Segments 6 and 
13 are thus strengthened, there being, therefore, seven. As 
in other cases, these septa are very concave forwards, the 
middle region lying much behind the peripheral attached 
margin; the septa present, the1·efore, have the appearance of 
a series of cups, each fitting within the one which follows it. 

§ Alimentary Canal. 

The gizzard lies in Segment 6 (cf. fig. 14). 
The resophagus extends as far back as Segment 18; it 

does not, however, abruptly widen into the intestine, which 
only commences ( fig. 13) in the 20th segment. 

In Segments 15, 16, and 17 are three pairs of calciferous 
glands. As shown in tl1e figure (fig. 13 ), eacl1 of these glands 
is divided into two by a transverse furrow. 

§ N ephridia. 

The worm was not in a sufficiently good state of preserva­
tion to allow of any observations upon the minute structure of 
the nephridia. 

So far as could be ascertained by dissection, the nephridia 
throughout the body appear to be of the '' diffuse'' type. 

Lying alongside of the pharynx on each side was a con­
spicuous glandular body, which is doubtless similar to the 
salivary gland of Acanthodrilus multiporus, and to the 
'' mucous'' gland of Urocbreta, Diachreta, &c. 
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§ Affinities of Deodrilus. 

The question of the systematic position of this Annelid 
necessitates some 1·eview of recent attempts to classify tl1e 
group. As, however, I intend to publish an attempt at the 
classification of these Annelids with a criticism of existing 
schemes, I shall make my references as brief as possible. 

Deod ril us evidently belongs to the '' Intrac1itellian '' 
group of Perrier (13) ; but as Perrier 's scheme-undoubtedly 
a great advance upon what had gone before-is not now gene­
rally accepted, I shall not urge any reasons why D eo drilus 
does not fall in with that classificatory attempt. 

Tl1e most re-cent schemes are those of Rosa (9) and Vail­
lant (14) .1 Rosa has divided earthworms into six fami}ies­
Lu m bricid re, Geoscolecidre, ? Moniligastridre, Acan­
thodrilidre, Eudrilidre, Perichretidre. 

It is only with the second and fifth of these families that 
Deodrilus can have any connection. 

These families are defined by Rosa as follows. 

GEOSCOLECIDJE. 

(1) Male pores within the clitellum between the dorsal and 
ventral setre, occupying segments or intersegmental grooves 
w hicb are very variable. 

(2) Clitellum generally saddle-shaped; length and position 
variable. 

( 3) Setre eight per segment, in pairs or singly, or diversely 
arranged in the anterior and posterior segments. 

( 4) Copulatory setre longe1· than the others and of a dif-
ferent form. 

(5) Gizzard (or gizzards) placed anteriorly. 
(6) Sperm-sacs one or t\'VO pairs. 
(7) No prostates or penial setre. 

1 Since writing the above I have received through the kindness of the 
author 11:r. Benham's "An Atte1npt to Classify Earthworms,"' Quart. J ourn, 
Mier. Sci.,' vol. xxxi, pp. 201- 315. 
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EUDRILIDlE.1 

(1) Male pores one pair, on Segment 17 or 18, within or 
behind the clitellum, corresponding to the ventral setre. 

(2) Clite1lum complete, occupying gene1·ally Segments 13 
(14)-16 (18) = 3-6. 

(3) Setre eight, paired or singly, but always parallel. 
(5) Gizzard (or gizzards 2) anterior in position. 
(6) Sperm-sacs generally two pairs. 
(7) Prostate and penial setre present. 
The only characters, therefore, which are decisive are ( 1 ), 

(2), and (7). 
Deodrilus agrees with the Et1drilidre in (1) and (7), and 

it is intermediate between the two in (2). 
But there a1·e other facts in its structure which signify that 

it combines the characteristics of genera which have been 
included in the Geoscolecidre and in the Eudrilidre. The 
absence of a prostomium is characteristic of certain genera 
of Geoscolecidre-Urochreta and Diachreta. It is true 
that Typhreus, which Rosa refers to the Eudrilidre, has no 
prostomium ;3 but it must be remembered that this genus 
agrees with Urochreta, Geoscolex, and Diachreta in 
l1aving a single pair of long tongue-shaped spe1·m-sacs, and 
only a single pair of spe1·m-ducts. 

In the absence of setre from the first few segments D eo­
d1·il us resembles a species of Diachreta, of which a descrip­
tion has appeared in a recent number of this Journal (1). 

Typhreus appears to have no setre upon the first two 
segments, but, as stated in my paper upon that worm (6), I 
am not absolutely certain of the fact. 

The presence of ornamented setre affines Deodrilus to 
Rhino d ri 1 us; nothing of the kind is met with in any of 
Rosa's E udrilidre. 

1 I may remark that Eudritus itself does not agree with this definition in 
all characters. 

2 I add "gizzards" myself, so as to include Perissogaster, &c. 
3 Loe. cit., p. 111. This statement requires confirmation, since Bourne 

has lately described a prostomium in Typhreus :rviasoni. 
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The diffuse nephridial system bas not yet been met with in 
any of the Geoscolecidre; in this particular, therefore, as in 
the presence of prostates and penial setre, Deodrilus re­
sembles certain genera (e. g. Cryptodrilus) of the Eudri-
1 id re. Finally, the absence of diverticula to the spermatbecre 
brings Deodrilus into relations ,vith the Geoscolecidre. 
It seems to me that the r elationship of Deodril11s to some 
otl1er forms is best expressed by the following diagram: 

Deodrilus 

Pon to d r i l us and many 
"Eudrilidre" 1 

Typhreus 

Cry ptodril us 

P erichretidre 

Genus- Deodril us. 

" Geoscolecidre" 

• 

Se tre arranged in pairs upon the ventral surface, peculiar i11. 
shape, and ornamented. Absent upon the first four seg-
ments. 

Prostomium absent. 
Clitellum occupying Segments 15-18 (or thereabouts), 

complete anteriorly, saddle-shaped posteriorly. 
Gizza1·d in Segment 6. 

1 r· do not for the present part.icularise the exact lin1its ,vLich I apply to 
these families. 

• 
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S perm-sacs, two pairs, in 10, 11, racemose. 
Ne phridia diffuse, a mass of tubules in the neighbourhood 

of the pl1a1·ynx aggregated into a compact gland. 
Atria lobate, each \vith a sac of penial setre opening on 

to Segment 18. 

Species-D. J ack so ni.1 

Large worm, measuring 13 inches. 
Copulatory papillre forming a dumb-bell shaped area between 

Segments 11 and 12. 
Penial setre of two kinds, one ornamented by minute pro­

tuberances, the other transversely striate. 
Two pairs of spermathecre, without diverticula, in Segments 

8 and 9 (see fig. 19). 

II. Anal N ephridia in Acanthodrilus. 

I have aiready (7) described some of the anatomical and 
histological characters of the nephridia in Acanthodrilus; 
their organs are in some species (e. g. in A. mul tiporus) repre~ 
sented by irregular tufts, which are furnish ed with numerous 
funnels, and numerous external orifices in each segment. 

I have now to describe a connection of the nephridia with 
the terminal region of the intestine, ,vbich occurs in a species 
r eferable, I believe, to my Acanthodrilus m11ltiporus. 

The material I owe to the kindness of Mr. W. W. Smith, of 
Ash burton, New Zealand. 

In fig. 1 of Pl. XXXIII, is represented half of a portion of the 
posterior end of the body of one of these worms, comprising 
about thirty segments. The body was divided by a cut at 
right angles to the dorso-ventral axis; the intestinal canal is 
laid open, and the typhlosole is seen to occupy the dorsal line 
of the intestine. The fi gure is twice the size of nature. 

The typhlosole ends abruptly about an inch in front of the 
anus; a faint streak is, however, r ecognisable, extending for 
perhaps a quarter of an inch beyond the end of the typhlosole. 

1 Named after Mr. W. Hatchett J ackson. 
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T l1e part of the alimentary tract lying behind the typhlosole 
is thus sharply marked off, and the distinction between it and 
the terminal section is possibly an important one; I should 
be inclined to regard the ''rectum'' as being proctodreum. 
The diameter of the 1·ectum, as shown in the figu·re, gradually 
narrows to the anus; its walls are marked by longitudinally 
1·unning furrows. 

I n transverse sections the gut is seen to be lined by an 
epithelium of tall columnar cells, broader towards their ex­
tremities and narrower at their attachment. The folds 
observable (fig. 5) in such sections are, of course, due to the 
longitudinally running furrows. Outside the epithelium 
is a circular coat of muscular fibres, and outside this again 
longitudinal fibres; these latter do not form at all a thick 
layer, and they are partly interspersed among the meshes of 
a peculiar form of connective tissue ,vhich extends beyond 
them, and forms the outermost wall of the intestine. This 
connective-tissue layer is also found beneath the epithelium; 
in parts it consists of a meshwork of fine fibres with nuclei 
present, cl1iefly at the nodal points; in otl1er parts the mesh­
work becomes ve1·ywide, and the tissue presents the appearance 
of a fenestrated membrane; the fenestrre are, relatively speak­
ing, small, and the tissue lying between them is somewhat 
gelatinous in appearance, with fine fibrils passing through it 
(fig. 3) ; nuclei are present, which a1·e frequently attached 
closely to tl1e fenestrre, bulging out into these latter as depicted 
in fig. 3. 

At the extreme end of the body these layers are not so con­
spicuous, owing to the crowding together of the last two or 
three of the intersegmental septa, and the continuity of these 
with the intestine. 

The crelomic space, on the veutral side of the body at any 
1·ate, is almost filled with tl1e nephridia, which form two 
principal masses, one on each side of the nerve-cord. In a 
single section several funnels can be seen connected with the 
nephridia, and their ducts can l)e observed to perforate the 
body-,valls, and to open on to the exterior by many pores. 
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In such sections tl1e outer connective-tissue coat of the 
intestine may be observed to include numerous tubules cut 
across in various directions (fig. 5, n ), indicating therefore a 
somewhat tortuous course ; these tubules appear, in sections 
taken between two successive septa, to have no relation wl1at­
ever with the nephridial tufts that have been already men­
tioned as occupying the crelom. And yet they are clearly 
nephridial in their nature. 

Fig. 5 represents a slightly magnified section through a 
portion of the intestine, showing the general appearance of 
these tubes. 

Fig. 4 is a portion of the same more highly magnified, and 
drawn with the help of the camera lucida. 

From this drawing it may be seen that the structure of the 
tubes is precisely that of the nephridia, although they are for 
the most part considerably wider. Their walls are granular, 
with large nuclei interspersed here and there, showing the 
lumen of the tube to be intra-cellular. 

In the section figured a smaller tubule is seen to project into 
the lumen of the larger tubule, and another small tubule seen 
in transverse section lies entirely within the larger tubule. 

This telescoping of oue tulJe withi11 another at once recalls 
the peculiar structure of the leech's nephridium, made known 
by the investigations of Bourne (15) and others. The dif­
fe1·ence is that in the leech the inner tube is closely invested 
by the outer, while in the earthworm there is a wide space 
between the two. 

These nephridial tubes, which appear to be so curiously cut 
off from the general nepbridial system, are in reality not so 
cut off. A series of sections shows that they become con­
tinuous with the general nephridial network at the septa; at 
any rate their branches pass along the septa, and can be traced 
into the nephridial tufts : these branches are of the same calibre 
as those of the general nepbridial system. 

Traced in the other direction, these nephridial tubes 
may be followed through the lining epithelium of the 
gut, into the lumen, which they open. 

• 
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The wide tubes with an intra-cellular lumen become gradually 
crowded with nuclei,1 though the boundaries between the 
individual cells are not to be discerned in my preparations; the 
lumen, however, is here clearly intercellular, the individual 
cells being apparently more or less cubical in form. The nuclei 
are quite similar to those of the portion of the nephridium 
with an intra-cellular lumen. The tube then bends up towards 
the epithelium of the gut) and its lumen becomes much con­
tracted, owing to the great increase in the size of the cells 
which form its ,valls. In this region of the nephridium the 
cells are quite indistinguishable from those which form the 
lining membrane of the rectum. 

It seems, therefore, probable that the diverticula of the 
intestine were developed as diverticula, and that the nephridia 
afterwards acquired a connection with them, just as the external 
portion of nephridia opening on to the surface of the body is 
developed from a separate epiblastic involution.2 

In the absence of embryological data, I cannot do more 
than regard as highly probable the suggestion made above con­
cerning the morphological nature of the rectum. The rectum 
is much mo1·e lil{ely to be proctodreum than hypoblastic in 
origin. If this is not the case, then the facts recorded in this 
paper have an obvious bearing upon Lang's views (17) of the 
hypoblastic 01·igin of the nephridia. I should, however, prefer 
for the present to consider the terminal section of the gut, 
into which the nephridia open, to be epiblastic in origin. 

So far as I am aware, there has been no desc1·iption of 
nephridia connected with the rectum in any otl1er Chretopod. 

The nearest group in which anything of the kind occurs is 
the Gephyrea; in Bonellia, and other forms belonging to the 

1 Such a fact as this appears to me to show that the morphological distinc­
tion whicl1 some ilave attempted to draw between nepbridia with intra-cellular 
lumen aud intercellular lumen, e. g. between tllose of Oligocbreta and 
Polychreta, cannot be maintained. 

2 Bergh (16) bas, however, deuied that this is the case in Ori od rilu s; 
according to him the nephridium is entirely mesoblastic, and bores its way to 
Lhe exterior. 
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Gephyrea ChretiferaJ we have the branched '' respiratory trees,'' 
whose structure appears to show that they are nephridial ~n 
nature; even in Sip uncul us, two rudimentary diverticula 
attached to the intestine close to the anus may be homologous 
structures. It is trt1e that some obse1·vers, such as Greef and 
Spengel, have denied that the anal glands of the Gephyrea are to 
be compared to nepbridia; but the view of the former was based, 
partly at least, upon a misunderstanding of these organs. 

There is no regularity that I could detect in the position of 
the ape1·tures of these tubes; sometimes two could be observed 
quite close together, at other times an interval separated two 
adjacent ape1·tures. One point of importance with regard to 
the position of the apertures is thei1· limitation to three seg­
ments; whether the most anterior of these three segments 
marks the commencement of the proctodreum or not I am 
unable to say. Behind the last of the three segments in which 
they occur the limitations of the individual segments were 
obscured; they begin, therefo1·e, in the last properly developed 
segment. It is well known that earthworms increase in length 
by the formation of new segments at the posterior end of the 
body; it is possible that, as the body increases in length, more 
of these proctodreal nepb1·idia are developed.1 In fig. 6 is 
illustrated the greater part of a single nephridial tube; but it 
by no means always happens that a tube has so long a course 
without branching. Very often I have noticed such a tube to 
divide into two shortly before its opening. 

I t has been already mentioned t l1at the nephridia which 
open into the proctodreum communicate with the general 
nephridial system only at the septa. As may be seen in suit­
able sections, the surfaces of the septa are covered by innu­
merable tubes, which anastomose in every direction to form 
most complicated networks. I have never yet been able to 
show by a satisfacto1·y preparation the actual form of the net­
work in Perichreta or Acanthod1·ilus, or in any othe1· 
form where a network must exist. Spencer (18) has figured 

1 In another specimen I found these nephridia opening into the gut, in the 
last seven segments at least. 
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the network of Megascolides, but in quite a diagrammatic 
way. I think, however, that the figure whicl1 I now give (fig . 

• 
7) of the network in Acanthodrilus is sufficient to con-
vince anyone of tl1e 1·eality of its existence. U sual)y the net­
work exhibited the characters shown in that figure; that is to 
say, the individuality of the several tubes was quite distinct in 
spite of their anastomoses in every direction and at such fre­
quent intervals. Very often, howeve1·, the network exhibited 
the appearance shown in fig. 2; he1·e it will be observed that 
the tubes are in very close approximation, so much so that t h e 
mass formed by their fusion p1·esents the appearance 
of an irregular system of lacunre enclosed within a 
defin i te wall. This character, it is perhaps worth remark­
ing, belongs to the nephridia of several invertebrate groups. 

I n describing the nepl1ridia of Ac ant hod r i 1 us I stated 
that the tufts of successive segments were isolated from one 
another; this is, however, as sho,vn in fig. 9, not always the 
case. In that figure, which represents a longitudinal section, it 
will be seen that the nephridia which pass up the septa do not 
always open at once into the lumen of the gut, but apparently 
become connected with nepbridial tubes derived from other 
segments, and course along the walls of the gut; a comm u ni ­
c at i on is thus established between the nephri d i al 
networks of a number of segments. In fig . 8 is illus­
trated a po1·tion of one of the septa which is invaded by the 
nephridial tubes on their way to the intestinal walls : it will 
be seen that in such places hardly any traces are left of the 
muscles of the septum; the septum appears to be entir ely 
built up of a mass of frequently anastomosing nepbridial 
tubes. 

I have not yet examined a large series of earthworms with 
diffuse nephridia, with a view of finding out whether anal 
nephridia are present in otl1er species. I believe, howeve1·, 
that they are not p1·esent in A. antarcticus-a near relative 
of A. mu l tiporus. 

It is of importance to find undoubted nephridia in a com­
paratively low type of Chretopod opening into the anal section 
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of the intestine. Such a discovery strengthens the current 
opinion that the respiratory trees of Bonellia are really of 
nephridial nature. 

A remarkable fact about these nephridia in Acan tho­
dril us is the swollen terminal portion, which is lined by cells, 
and which has the characters (fig. 10) of a diverticulum of the 
gut. I have distinguished between the terminal section, wl1ich 
opens into the intestine and is lined with an epithelium,identical, 
so far as I can see, with the epithelium of the intestine, and the 
next section, the cells of which are 1·ather diffe1·ent. If the 
nephridial tubes connecting this with the general nephridial 
system were to disappear, we should have the gut furnished 
with a series of tubular outgrowths ending bluntly. This is 
exactly what we meet with in the Tracheata, and even in some 
Crustacea-the Malpighian tubes; these structures have been 
compared with nephridia, particularly with the anal neph1·idia 
of the Gephyrea. It appears that the Malpighian tubes of 
Arthropods are formed by outgrowths of the proctodreum,1 

though in the Amphipods Spencer is inclined to regard them 
as appendages of the mid-gut. It is at least possible that we 
may trace the Malpighian tubes of Arthropods to these gut 
diverticula. Seeing how widely spread the Malpighian tubes 
are among Arthropods, it is not unreasonable to seek for their 
homologues in lower groups; and the Chretopods are the 
nearest group to which we can trace the Arthropods. It is 
true that Peripatus, which appears to stand somewhere near 
the base of the Tracheate series, has no Malpighian tubes; 
tl1is seems to imply a great break between the anal nephridia 
of worms and the Malpigl1ian tubes. It must be remembered, 
however, that Peripatus is furnished with paired nephridia, 
which structures are wanting in the Tracheata. Hence, there 
might possibly be no need for the extra nephridia opening into 
the extremity of the gut; the 01·dinary nephridia being absent 

1 Recently ~Ir. vVbeeler (19)has shown that in Doryphora decemliueata 
the Malpighian tubes, when first formed, open on to the exterior; they are 
subsequently drawn in aloug with the proctodreal invagination of the ecto­
derm. 
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in the TracheataJ they have been functionally replaced by the 
somewhat metamorphosed equivalent of the anal nephridia. 

It must be admitted, however, that more facts are required 
before the above remarks can be considered as anything more 
than a suggestion. 
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DESCRIPTION OF PLATES XXXIII AND XXXIIIA, 

Illustrating lVIr. F rank E . Beddard 's paper '' On the Structure 
of a New Genus of Oligochreta (Deodril u s), and on the 
Presence of Anal N ephridia in A c ant hod r il u s.' ' 

FIGS. 1- 11.- Acanthodrilus multipor us and nephridia. 

• 

Fig. 1. Dorsal half of the posterior twenty or thirty segments of A can -
thodrilus multiporus, enlarged to twice the natural size. 

Fig. 2. Part of a network of nephridia. The fusion of the tubules is so 
complete as to produce the impression of a system of lacunar spaces. 

Fig. 3. Connective tissue from outer coat of rectum. n. Nuclei. v. 
Spaces. 

Fig. 4. A portion of connective-tissue sheath of rectum, with contained 
nephridial tubes. 1n. }.lluscular fibres. v. Spaces. bl. Blood-vessels. 
n. Small tubule apparently contained in a larger one. 

F ig. 5. Part of a transverse section through rectum. ep . Linin~ epi­
thelium. n. Nephridial tubules in connective-tissue sheath. 

F ig. 6. Part of Fig. 5, more highly magnified to illustrate structure of 
different regions of anal nepbridia, N., N '1i. 

Fig. 7. Network of tubules lying in and upon septum. a. Muscular 
fibre. n . Walls of nephridium. 

Fig. 8. Mass of tubules passing up septa, the relations of which are 
sbo,vn in Fig. 9. bl. Blood-vessels. et, b, c, d. Nepbridial tubes. 

Fig. 9. Longitudinal section through a portion of rectal wall. o. Orifice 
of anal nephridium. sp. I utersegmental septum. 

Fig. 10. Section through point quite close to opening of nephridium into 
rectum. N. Nephridium. E. Epithelium of rectum continuous with 
nephridium . 
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Fig. 11. Diagramn1atic transverse section of a portion of posterior ex­
tremity of body, to show relations of anal nephridia. n. Their rectal 
orifices. c,, External orifices. f. Funnels. 

FIGS. 12- 14.- Deodril us. 

Fig. 12. Ventral view of anterior segments. VI. Sixth segment, the first 
setigerous segment. JJ, Genital papilla between Segments 11/12. 
eli. Clitellun1. cS sperm-duct orifice on 18th segment. 

Fig. 13. Dissection of a portion of the body, 
appearance of the calciferous glands, ea. 
CEsopbagus. 

to show the position and 
d. Dorsal vessel. m. 

Fig. 14. Diagrammatic longitudinal section, to show position of various 
parts of tlie alimentary tract. g. Gizzard. ea. Calciferous glands. 
The roman numerals refer to the segments. 

PLA.TE XXXIIIa. 

D eod r ilus. 

F igs. 15, 16. Penial seta, with chitinous sheath. 

Fig. 17. One of the pairs of hearts (It.), with their connection with the 
dorsal (d.) and ventral (v.) vessel. ms. CEsophagus. 

Fig. 18 . Setre of body. 

Fig. 19. Two segn1ents dissected to show spern1atheca (Sp.1, Sp.2) . n. 
Nerve-cord. v. Ventral blood-vessel. l. Lateral blood-vessel. o. 
Orifice of spermatheca. ni-. Intersegmental septum. 
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