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Hatschek's Nephridium.
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With Plates 29 and 30, and 1 Text-figure.
INTRODUCTION.

IT is now some thirty years since I first undertook the study
of 'the development of the excretory organs of A m p h i o x u s
( B r a n c h i o s t o m a l a n c e o l a t u m , Pallas). When it was
discovered (Goodrich, 1902) that A m p h i o x u s is provided with
nephridia of essentially the same structure as the solenocytebearing protonephridia of various Polychaetes and other Invertebrates it became a matter of interest to find out how they are
developed. Yet, so far as I am aware, only one author has attempted to give a detailed account of their early development
in two short papers (R. Legros, 1909 and 1910). In 1909 I
described the nephridia in larval stages, and since then from time
to time, as opportunity offered, I have tried to make out their
early development and their first origin. The investigator of this
problem is confronted with many difficulties. The material is
hard to obtain, difficult to preserve satisfactorily, and particularly difficult to stain well. After trying various well-known
fixatives, a mixture of corrosive-acetic and picro-nitric for embryonic and Bouin's fluid for larval stages were found to give
the best results. It is essential to anaesthetize the later larvae
before fixation to prevent muscular contraction. Borax-carmine
and picro-nigrosin, Heidenhain's iron-haematoxylin and eosin or
light-green, and Mann's methyl-blue and eosin are the most satisfactory stains. The cells are so small and their derivation so
difficult to make out that sections of more than about 3 or 4 p in
thickness are almost useless. The observations recorded below on embryonic stages were made on material provided by
the Zoological Station at Naples for which I here express my
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gratitude. The larval material was preserved by me at Faro, at
Naples, and in Heligoland. I have also to thank the authorities
of the Biologisches Anstalt in Heligoland for sending me preserved larvae by post.
Eeturning now to the general problem of the homology of the
excretory organs in A m p h i o x u s already mentioned above,
it may be pointed out that long ago (1895) I maintained that
throughout the Invertebrata T r i p l o b a s t i c a two distinct
organs are found, of quite different origin and generally of different function, the nephridium and the coelomoduct. The latter
develops centrifugally as a more or less funnel-shaped outgrowth
from the wall of the coelom in higher forms provided with a well
differentiated coelomic cavity; or it develops from the genital
sac or ' gonad' in lower forms, such as Platyhelminths, in which
the gonocoel has not yet enlarged into a coelomic ' body-cavity'.
The coelomoduct, representing the original outlet for genital products, functions as a genital duct only, except when it secondarily
acquires an excretory function. The nephridium, on the other
hand, from the first is typically excretory, is already well formed
in phylogeny before the coelomic body-cavity has appeared
(Platyhelminths), originates in ontogeny from more superficial
rudiments (ectodermal or ectomesodermal), and in higher forms
only may come secondarily into relation with the coelom. Unfortunately nephridia and coelomoducts, which may sometimes
acquire superficial resemblances to each other, were for long
confused, and, indeed, still are often confused at the present day.
This confusion is partly due to the fact that the nephridium
itself by centripetal growth may, in some annelids, penetrate into
the coelom, piercing the coelomic epithelium, and acquire a
secondary opening into the coelomic cavity (Goodrich, 1895).
Thus is formed from the innermost nephridial cell a nephridiostome liable to be confused, even at the present day, with the
coelomostome or funnel-shaped opening of the coelomoduct. In
the last century it became almost a dogma that 'nephridia'
open into the coelom and are derived from its epithelium.
Coming to the Vertebrates, we find that in Craniata genital
and excretory ducts are all of the coelomoduct type derived
directly or indirectly from the coelomic epithelium. In spite of
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this they were, and still often are, taken to be nephridia. But
of true nephridia no trace has yet been found for certain in any
Craniate; they seem to have vanished entirely. On the contrary,
in Cephalochorda, it is the nephridia that have survived and the
coelomoducts that have almost if not completely disappeared.
This reduction is no doubt related to the shedding by these
animals of their genital products directly by dehiscence into the
atrium.
How strongly observers were influenced by the prevalent confusion referred to above is shown in Boveri's account of the
structure of the nephridia of A m p h i o x u s (1892); for he
described open funnels where no funnels exist.
Legros (1909 and 1910) claims to have shown that nephridia
in A m p h i o x u s develop as funnel-shaped outgrowths from
the coelomic epithelium which become closed off from the eoelom
and acquire an opening into the atrium, or into the pharynx in
the case of Hatschek's nephridium. In adopting this interpretation he also, I think, was biased by preconceived notions. My
own observations do not support his view. Although I readily
admit that my account given below does not solve the question
of the very first origin of the nephridia, and that even the
description of the early development is by no means complete,
yet I think it may be claimed that it demonstrates clearly that
Legros was mistaken, that the nephridium does not develop as
an outgrowth from the coelomic epithelium, and that it never
has at any stage an internal opening.
Therefore, in spite of the fact that the first origin of the nephridium remains undiscovered, I decided to publish my results in
the hope that others more skilful or more fortunate than myself
may solve this important problem.
DEVELOPMENT OP HATSCHEK'S NEPHRIDIUM.

Except for the paper by Legros (1910), referred to above, no
account has been given of the early development of Hatschek's
nephridium. In the previous year (Goodrich, 1909) I had described this organ in the adult A m p h i o x u s and in the larva,
and dealt with the literature on the subject. Since then the
structure of the adult organ has been further considered in more
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detail (Goodrich, 1933), and in a paper on "Proboscis Pores
in Craniate Vertebrates" (Goodrich, 1917) I referred briefly to
the development of Hatschek's nephridium in a footnote as
follows:' This nephridium is developed neither from a mesoblastie
funnel as described by Hatschek, nor as an outgrowth from
the second somite, as described by Legros; nor, again, from the
remains of the communication of the coelomic pouch with
the gut, as alleged by MacBride, but from a little group of cells
appearing quite early just above the mouth. Several years ago
I traced these cells to a stage about thirty hours old, before the
opening of the mouth; but since I am unable to find out their
first origin, I refrained from publishing my results. They are
the cells figured recently by Smith and Newth (fig. 4, PI. 18),
who are indeed correct in their surmise that they may represent
the rudiment of the nephridium.'
Before describing the development of Hatschek's nephridium
it will be well to refer briefly to its structure in the adult and in
late larvae. In the adult it opens behind into the pharynx, and
extends forwards along the left dorsal aorta some way beyond
Hatschek's pit. It is provided along its course with short blind
branches, some passing medially below the aorta and others
passing dorso-laterally to the aorta (fig. 1, PL 29). These diverticula bear bunches of solenocytes extending into small chambers,
isolated remnants of the coelomic cavity of the second somite
of the larva and previously continuous with it (Goodrich, 1909,
1933).
In the metamorphosing larva of stage 5 of Willey, with open
'secondary' right gill-slits, the nephridium is a simple tube
reaching to the level of the pit, and with solenocytes along its
whole length. It now lies in a continuous chamber on the wall
of which occasional flattened nuclei represent the coelomic epithelium (fig. 2, PL 29).
In a younger larva with six gill-slits of the first or future adult
left series, Hatschek's nephridium is seen in transverse sections
as a short blind tube lying on the ventro-lateral wall of the
posterior extension of the coelomic cavity of the second somite
(fig. 3, PL 29). Some solenocytes extend forwards, and appear in
a section cutting through Hatschek's pit (fig. 4, PL 29).
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We come now to the earlier stages obtained by the artificial
fertilization of eggs at Naples. Pigs. 5 A-D, PI. 29, represent four
consecutive transverse sections through a young larva (51 hrs.
old1) in which the mouth is open but rounded, and the first gillslit is open and functional (about stage fig. 61 of Hatschek,
1881). It is a stage older than that of the diagrammatic fig. 1, of
Legros (1910) but considerably younger than that of his fig. 3.
The most posterior section (fig. 5 A, PL 29) shows the opening
of the nephridium into the gut just above the mouth. Here
the nephridial cells have pushed through the endodermal wall,
and an incipient lumen is seen to pass up between them and
appears again in the next section (fig. 5 B). In this lumen a few
cilia are already present, but it is difficult to make certain of
their origin. At all events no fully formed solenocytes seem
to be yet developed at this stage, and the nephridium ends
blindly in the third section (fig. 5 c) in a solid mass of a few
cells situated between the ectoderm and endoderm above the
posterior ventral region of the second mesoblastic segment.
The last section passes in front of the nephridium, cutting the
second segment, which is here indistinctly divided into dorsal
somite and ventral lateral plate (fig. 5 D). At this stage, then,
the nephridium has acquired an opening through the endoderm
and extends forwards for a short distance between the second
and third mesoblastic segments.
In the next two younger stages (41 hrs. and 37 hrs.), when the
mouth has just been pierced and is a small round hole, the
nephridium though smaller bears much the same relations.
Usually the opening through the endodermal wall of the gut has
already been acquired (fig. 6, PI. 29). Fig. 7, PL 29, shows this
region in greater detail, and is taken from a specimen in which
the opening can scarcely be said to have been formed. Even
here cilia appear in the small lumen.
The next younger stage (30 hrs.) is perhaps the most important,
for it is the youngest stage described by Legros and is the
1
As Legros (1910) remarks, the embryos of the same ages are not always
at exactly the same stage of growth. But the number of hours after
fertilization gives some indication of the relative state of development of
the various embryos.
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earliest at which the rudiment of Hatschek's nephridium can be
clearly made out as such. The indiviflual larvae, however, differ
considerably in their state of development. Text-fig. 1 represents the left view of the anterior end of an advanced larva
reconstructed from sections and whole preparations. The buccal
diverticulum, that is to say the endodermal pouch which later
opens to the exterior at the larval mouth, is present and even

TEXT-FIGTJKE 1.

Left side view of anterior region of a thirty-hour larva, stained and
mounted whole, drawn diagrammatically to show relation of solid
rudiment of Hatschek's nephridium (UN) to surrounding parts.
Body-wall, nerve cord (we), notochord (nl), Hatschek's pit (Hp),
gut (g), and duct of club-shaped gland (d), in 2optical3section. S1
first mesoblastic segment in optical section. 1S and S second and
third somites outlined in dotted line; a finer dotted line indicates
coelomic cavities of first and second segments, m, position of endodermal buccal diverticulum and point at which mouth would later
be pierced, so, preoral sense-organ.

fused with the ectoderm; but the buccal opening is not yet
pierced. The club-shaped gland is not yet tubular, nor has its
duct yet opened to the exterior. The first gill-slit pouch has
reached and may have fused with the ectoderm ventrally, but is
still closed. The left coelomic sac of the first segment extends
transversely below the notochord, but has not yet opened to the
exterior to form Hatschek's pit. This is the stage of which
Legros (1910) figures a diagram (his fig. 1) and two transverse
sections (his figs. 2 a and 2 b). In my figure (Text-fig. 1) the
point at which the mouth will be pierced is visible, and above it
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is seen the rudiment of Hatschek's nephridium lodged between
mesoblastie segments 2 and 3, which are indicated by dotted
lines.
Three transverse sections of this stage are drawn in fig. 8 A,
B, and c, PI. 29. In the most posterior section (fig. 8 A) is seen
the buccal diverticulum of the gut which has just fused with
the ectoderm; the mouth, however, has not yet been pierced.
The rudiment of Hatschek's nephridium is seen as a group of
four cells surrounding a small lumen, in which cilia are developing, and sending between the endoderm cells of the gut a wedgelike process reaching to a point o. Here, at a later stage, would
be formed the nephridiopore. The next section (fig. 8 B) shows
two nuclei in the rudiment lying between mesoblastie segment 3
and 2. The most anterior section (fig. 8 c) cuts across the solid
front end of the rudiment.
Fig. 9 A, B, c, PL 30, represents a slightly younger stage. The
buccal diverticulum is less thoroughly fused with the epidermis
and resembles that figured by Legros (1910, fig. 2 b). The
most posterior section (fig. 9 A, PI. 30), taken in front of the
buccal diverticulum, cuts through the middle of the rudiment
of Hatschek's nephridium. Two sections farther forward is seen
its solid anterior end (fig. 9 B). The next section (not figured)
shaves through its extreme tip and the hind wall of segment
2; while the next and most anterior section shows only the
undivided segment 2 with its continuous coelomic cavity (fig.
9 c). Another section of a larva at about the same stage is
drawn in fig. 10, PI. 30.
A section through a stage when there is as yet no distinct
buccal diverticulum, but only a slight outgrowth of a few endodermal cells, is shown in fig. 11, PL 30. This stage is therefore
younger than the first dealt with by Legros. It may be seen that
a solid rudiment is already present between mesoblastie segments 2 and 3, and has sent into the endoderm towards the
point o a small process, which, however, has not yet reached
the lumen of the gut.
In my batch of thirty-hour larvae, however, a few specimens
can be found at a still earlier stage of development. A transverse
section of one is shown in fig. 12, PL 30. Here the future buccal
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diverticulum is indicated merely by a small thickening due to
the budding off of a few endoderm cells towards the surface.
No distinct group of cells forming a rounded rudiment of
Hatschek's nephridium can be found, but there are seen two
or three cells against the wall of the gut in the appropriate place
just between the posterior region of segment 2, the anterior
region of segment 3, and the gut. Infig.13, PI. 30, representing
a transverse section through a slightly earlier stage with no
trace of buccal diverticulum at all, two cells flattened against
the gut wall are again visible overlapped by the posterior region
of the second mesoblastic segment. Although these cells can
often scarcely be distinguished from the surrounding mesoblastic
cells, they do not appear to belong to the wall of the second
coelomic cavity, and I have little doubt that they represent the
rudiment of Hatschek's nephridium.
My next batch of embryos (24 hrs.) is considerably younger.
Not only do they show no trace of buccal diverticulum, but the
left first mesoblastic segment is here a rounded sac, often still in
connexion with the end of the gut. Yet even in these one or two
cells can generally be made out between the hinder wall of mesoblastic segment 2, the anterior wall of segment 3, and the endoderm. A transverse section of such a stage is shown in fig. 14,
PI. 30. There can be little doubt that these cells represent the
early rudiment of Hatschek's nephridium. They lie outside the
wall of segment 2, are not derived from its epithelium; but
whence they have arisen I am unable to say.
From the account given above it will be understood that my
observations agree with those of Legros down to the stage with
about six gill-slits of the left series, where Hatschek's nephridium has essentially the structure depicted in his diagram (1910,
fig. 5 b) of a somewhat older larva with nine gill-slits. The
nephridium is a straight canal open behind, blind in front, and
with solenocytes set along nearly its whole course. Their tubes
pierce the wall of the nephridial canal to reach its lumen (compare my figure drawn from the living larva, fig. 38, PI. 15,1909).
But from such a stage back to the earliest larval stages our
results differ radically. For, according to Legros, in earlier stages
the nephridium is in the form of an open funnel. He begins his
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description of the development with the stage at which the endodermal buccal diverticulum has just met the epidermis and
the mouth is not yet open (his diagram fig. 1, corresponding
to my stage, figs. 9, 10, and 11, PI. 30). The rudiment of
Hatschek's nephridium is said to appear as a backwardly directed diverticulum of the 'vesicule intermediate', that region
of the still undivided left second mesoblastic segment which lies
between the myotome above and the lateral plate below. This
funnel-shaped outgrowth from the posterior wall of the second
segment is said to end blindly just above the buccal diverticulum.
Of the existence of such a funnel open in front, I can find no
evidence at this stage, nor at any earlier or later stage. On the
contrary, as already explained, the rudiment of the nephridium
at about this stage always has the appearance of a more or less
solid group of cells in the same position as Legros's alleged
funnel, but it is a separate independent structure lying between
segments 2 and 3. By careful focusing one can always make out, in
good and well-stained sections, that the anterior end of the rudiment is not open and is covered over by the coelomic epithelium
of segment 2.
The next older stage described by Legros is that at which the
buccal diverticulum has fused with the epidermis and the mouth
is about to be pierced (his figs. 2 a, and 2 b, corresponding to
my fig. 8, PI. 29). The nephridial funnel is said to have already
acquired an opening into the gut, so that there would now be a
free passage from the coelom of segment 2 to the lumen of the
gut. Legros figures a transverse section passing in front of the
alleged funnel, and another five sections farther back through
the pharyngeal opening. But no detailed figure is given at this,
or indeed at any stage, of a section through the funnel itself.
Legros appears to have studied only transverse sections which
are not really suitable for determining whether the nephridial
rudiment has an anterior opening or not. To confirm my own
view that such an opening is not present I have examined longitudinal sections, and, though it is difficult to obtain satisfactory
sections in exactly the right plane, such can occasionally be
found. Figs. 15 and 16, PI. 30, represent longitudinal sections
of two larvae at the stage when the mouth is about to be

508

EDWIN S. GOODRICH

pierced. They pass dorsally to the buccal diverticulum, and show
•clearly enough the rudiment of Hatschek's nephridium as a little
independent group of cells lodged between the second and third
mesoblastic segments, and without any opening into the coelom
of the second segment.
The solenocytes themselves, according to Legros, develop from
the eoelomic epithelium lining the inner wall of his 'vesicule
intermediate'. He supposes that the tubes grow outwards and
backwards, and penetrate into the elongating funnel. Legros
gives a diagram purporting to show the structure of the nephridium at this stage (hisfig.4 c, of a five-day larva). The ' vesicle
intermediaire' is now supposed to become longitudinally divided
into an inner chamber containing the solenocytes and an outer
canal formed by the original funnel and its forward extension
derived from the outer wall. At the same time the free ends
of the tubes are supposed to become enclosed as the funnel
closes, and so come to pierce the wall of the completed organ.
My own observations yield no evidence whatever of this supposed origin of the solenocytes separate from the canal. On the
contrary, so far as I can make out, they are always derived from
the nephridium itself, and simply grow out from it as the canal
lengthens. But the exact steps in the process I am not yet able
to describe in detail in the case of Hatschek's nephridium. It is
clear that solenocytes can only function if their tubes are fixed
in and pierce the wall of the canal. Legros's account of the
formation of solenocytes with tubes and flagella complete, and
of their secondary connexion with the nephridial canal, seems
to me quite unintelligible.
A summary of the results recorded in this Part I will appear
shortly in Part II, now in preparation dealing with the development of the paired nephridia.
DEPARTMENT OF ZOOLOGY AND COMPARATIVE ANATOMY,
UNIVERSITY MUSEUM, OXFORD.
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EXPLANATION OF PLATES 29 and 30.
LETTERING.

a, artifact space; bd, endodermal buccal diverticulum; cnu, nucleus of
coelomic epithelium cell; cr, cells probably representing very early rudiment of Hatschek's nephridium; cs, coelom of mesoblastic segment; d, duct
of club-shaped gland; end, endostyle; ep, epidermis; g, endodermal wall of
gut; gr, groove from preoral pit; Hn, Hatschek's nephridium; Hp, Hatschek's pit; lao, left dorsal aorta; mo, mouth; mp, point at which mouth
will open; no, nerve cord; nt, notochord; o, opening into gut of Hatschek's
nephridium; prm, preoral muscle; pop, preoral pit; S2 and 8s, second and
third mesoblastic segments or somites; so, sense organ; sol, solenocyte.
The magnification of figs. 1, 3,4, 5 A, and 6 is given on the scale attached
to fig. 3; and that of figs. 5 B, O, D, and 7-16 is given on the scale attached
tofig.12.
PLATE 29.
Fig. 1.—Transverse section of Hatschek's nephridium in adult, showing
short dorsal and inner branches.
Fig. 2.—Transverse section of Hatschek's nephridium in a late larva from
Naples with open right slits. Stage 5 of Willey.
Fig. 3.—Transverse section of Hatschek's nephridium of a younger larva
from Faro, with rudiments of six right slits, passing between mouth and
preoral pit.
Fig. 4.—Transverse section of same larva passing farther forward beyond
nephridial canal.
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Fig. 5 A-D.—Four transverse sections of fifty-one-hour larva, A, most
posterior, cuts through opening of Hatschek's nephridium. B, second
section farther forward, shows small lumen in nephridium. c, next section,
cuts through its solid anterior end. Next but one section, D, shows coelomic
cavity of second mesoblastic segment.
Fig. 6.—Transverse section of thirty-seven-hour larva cutting through
opening of Hatschek's nephridium.
Fig. 7.—Part of transverse section of thirty-seven-hour larva, slightly
younger, in which opening of Hatschek's nephridium has not yet been
formed.
Fig. 8 A, B, C.—Consecutive transverse sections of thirty-hour larva. In
most posterior section A are seen buccal diverticulum fused with ectoderm,
and above it rudiment of Hatschek's nephridium acquiring opening into
lumen of gut. In B nephridium is between segments 2 and 3. Most anterior
section c cuts through solid end of nephridial rudiment.
PLATE 30.
FIG. 9 A, B, C.—Transverse sections of thirty-hour larva with buccal
diverticulum just fused with ectoderm. Ashows solid rudiment of Hatschek's
nephridium between segments 2 and 3. B, two sections farther forward, cuts
solid end of nephridial rudiment. Next and most anterior section, c, cuts
wall and cavity of segment 2.
Fig. 10.—Transverse section of thirty-hour larva similar to that drawn
in fig. 9 A and of about same stage.
Fig. 11.—Transverse section of thirty-hour larva slightly younger,
showing process from solid rudiment of Hatschek's nephridium growing
between endodermal cells towards lumen of gut.
Fig. 12.—Transverse section of younger thirty-hour larva in which small
buccal diverticulum has not yet fused with ectoderm. Between segment 2
and endoderm two cells are seen which appear to represent rudiment of
Hatschek's nephridium.
Fig. 13.—Transverse section of still younger thirty-hour larva with no
buccal diverticulum. Two cells in same position as those of fig. 12 appear
to represent rudiment of Hatschek's nephridium.
Fig. 14.:—Transverse section of twenty-four-hour larva at stage with no
trace of buccal diverticulum, and first left mesoblastic segment a round
sac still in connexion with anterior end of gut. Two cells, apparently
rudiment of Hatschek's nephridium, are seen between gut and segment 2.
Fig. 15.—Part of longitudinal section of thirty-hour larva showing rudiment of Hatschek's nephridium as solid mass of few cells between segments
2 and 3. An arrow points to position of buccal diverticulum in a more
ventral section.
Fig. 16.—Part of longitudinal section of another thirty-hour larva showing similar rudiment.
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