
I53 No. 1.3 THE EMBRYOLOGY OF CREPIDULA. 

believe, not to the mesoblast covering the intestine, but to the 
distal portion of the intestine itself. 

Heymons did not observe a secondary origin of mesoblast in 
Umbrella, though he suggests that possibly in stages later 
than he has examined, ectoderm cells may migrate into the 
interior to form mesoderm. 

VII. HISTORY OF THE ENTOMERES. 

At the time when the mesoblast is completely separated 
from the entoblast the latter consists of the following cells : 

Macromeres (Basal Quartette) . . . . . 4 
Smaller Entoblasts (Fourth Quartette) . . 3 
Enteroblasts (Fourth Quartette) . . . . 4 

Total . . . I I  
- 

We will-now take up the further history of each of these 
groups. 

I .  The Four Macromeres. 

After the formation of the fourth quartette there is a long 
interval before the macromeres again divide ; during this time 
the nuclei of these cells become very large and vesicular, and 
contain one or more large nucleoli, Figs. 52, 86, 87. These 
cells are composed almost entirely of yolk, and their nuclei and 
protoplasmic portions lie near the surface just in advance of 
the edge of ectoblast, and in this position they move around to 
the ventral pole. 

What force is it which carries these nuclei around the egg 
just in advance of the ectoblast cells? If, as is sometimes 
assumed, the initial polarity of the egg is due to the fact that 
the yolk granules have a greater specific gravity than the pro- 
toplasm, must it be supposed that the specific gravity of these 
substances changes in the later stages of cleavage so that the 
nuclei and protoplasm sink to the lower part of the cell while 
the yolk rises to the upper part ? The progressive movement 
of the nuclei and surrounding protoplasm over the yolk coinci- 
dent with the extension of the ectoblast would go against any 
such conclusion, and would favor the view that this movement 
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of the protoplasm and nuclei is due to some force other than 
gravity. 

In  the process of overgrowth the smaller entoblasts, 4A, 4B, 
and 4C:are carried around with the ectoblast and mesoblast to 
the ventral side, and at the same time the whole egg is slightly 
flattened from above downward, as shown by the enlarged 
diameter of the egg when seen in polar view, Figs. 49-53, and 
still better in the actual section shown in Fig. 87. This change 
of shape is partly due to the fact that these smaller entoblasts, 
4A, 4B, and 4C, lie out on the periphery of the egg and thereby 
enlarge its horizontal diameter, and also to a certain flattening 
of the macromeres themselves. The changes in the shape of 
the gastrula are much greater after the next division of the 
macromeres. 

2 .  The Ff th  Quartette. 

The fourth quartette was separated from the macromeres by 
laeotropic cleavage. The next division of these cells is more 
nearly bilateral than spiral, Figs. 54, 57, 60, though it is typi- 
cal of neither. I shall call the cells thus formed (5A-5D) the 
$fth pzmrtette, in conformity with the designations used for the 
previous products of the macromeres, though the facts that 
the division is not a spiral one and that the products are 
purely entoblastic might, sensu siricta, make some other name 
preferable. 

Rarely are more than two of the macromeres seen in division 
at the same time; in Fig. 54 A and C are dividing first, in 
other preparations I have found B and C or A and R dividing 
simultaneously. In  D, however, the corresponding cleavage is 
delayed until long after the division of A, B, and C, Fig. 59, 
although it was the first cell to divide in the formation of the 
fourth quartette. 

The division of A and B is very nearly bilateral with refer- 
ence to the second or median cleavage furrow, and the new cells 
formed, 5A and 5B, lie on each side of that furrow and on the 
ventral side of the macromeres A and B, Figs. 57, 58. 

The cleavage of C and D is less perfectly bilateral than that 
of A and B, and the new cells, 5C and 5D, are cut off from 

* Hereafter all entoblast cells are designated by capitals. 
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the posterior part of the cells C and D, and lie at nearly the 
same level with the parent cells. This is especially true of 
the cell 5C which is formed some time before the correspond- 
ing cell 5D. The right side of the gastrula after the forma- 
tion of 5C is accordingly much longer than the left, i.e., the 
posterior end of the second furrow is carried far to the left 
by the growth and horizontal division of the cell C (Figs. 
58, 59, in which right and left are reversed because seen 
from the ventral side). With the formation of 5D the left 
side of the gastrula becomes a little longer and the posterior 
end of the second furrow is carried back to the right, Fig. 60 ; 
but either because the cell 5D is smaller than 5C or because 
it is given off somewhat more toward the ventral side, the left 
side of the gastrula remains permanently shorter than the right. 
This is the beginnifzg of  the $naZ asymmetry of tde gasteyopod. 
It is aZso the beginning of  the antero-posterior elongation of t h  
body. Before the formation of the fifth quartette the trans- 
verse diameter of the embryo is as great as the median; after 
the cells 5C and 5D are formed the median diameter is dis- 
tinctly longer, Figs. 59, 60, 64, et seq. This antero-posterior 
elongation is due, then, in the first instance to the direction of 
the cleavage in the posterior macromeres C and D, while the 
first trace of the final torsion is due to a difference in the time 
and direction of the cleavage in these two cells. 

A t  the same time that these changes in shape are taking 
place other changes are going on which lead to the formation 
of the archenteric cavity, as shown in Figs. 87, 88, 90, which 
represent actual sections through the egg at  this period. Fig. 
87 is a transverse section showing two macromeres in the mid- 
dle and two cells of the fourth quartette, probably 4A and 4C, 
at the sides ; these cells are in process of passing around to 
the ventral side of the macromeres. Fig. 88 is an oblique 
vertical section, and shows two cells of the fifth quartette 
lying on the ventral side of the macromeres and traces of the 
fourth quartette cells beneath these. Finally, in Fig. go, which 
is a transverse section, there is shown in order from above 
downwards two macromeres, two cells of the fifth quartette, 
and two cells of the fourth quartette. Between these cells is 



the archenteric cavity, the roof of which is formed by the mac- 
romeres, and the sides by the cells of the fourth and fifth quar- 
tettes. During the process of gastrulation there has been no 
real invagination of the macromeres, though they have been 
greatly reduced in size by the formation of the fifth quartette 
and have also changed their shape, growing broader at the 
apical pole and narrower at the oral, and finally thinner in the 
direction of the egg axis, so that they seem to have been 
invaginated ; but this, of course, could not occur, since there 
is no segmentation cavity. 

In later stages a cell, which is almost certainly 5D, moves 
around to the ventral side of the archenteron, as shown in Fig. 
68, where it is seen dividing. By the movements of this cell 
the archenteric cavity, and in fact all the parts of the embryo 
posterior to the mouth, are given a distinct torsion. The prod- 
ucts of this cell form the floor of the archenteron posterior to 
the mouth. 

3. The Fourth Quartette. 

Before the fifth quartette is completed by the formation of 
gD, the cells 4A, 4B, and 4C divide equally into 4Ar and 4A2, 
4RI and 4B2, 4 0  and 4C2, Figs. 58, 59. The spindles in 4A 
and 4C are nearly horizontal so that the two cell products 
lie at approximately the same level; 4B divides in a dexio- 
tropic direction, and the cell products afterwards shift position 
so that one partIy overlies the other, Fig. 60. This cleavage, 
like that by which the fifth quartette is formed, is neither typi- 
cally bilateral nor spiral, but intermediate between the two. 

The cells thus formed lie close around the blastopore and 
form the floor of the anterior portion of the archcateron. 
Ultimately they contribute largely to the formation of the 
small entoderm cells at the inner end of the stomodaeum. 

4. The Lnteroblasts. 

The tour enteroblasts can be followed up to Fig. 65 without 
a break. They lie in the mid line just behind the Slastopore 
and immediately under the ectoderm, and in all cases are closely 
pressed together in a characteristic grouping. In  Fig. 60 one 
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of them, El, is shown dividing, and this is the only case of divi- 
sion among them which I have ever seen; in later stages of 
other eggs, e.g., Fig. 65, they are still undivided. In Fig. 68 
four nuclei are shown beneath the ectoderm and posterior to 
the cell 5D. They lie at the extreme posterior end of the 
archenteric cavity, and from their position and grouping I 
believe they are the nuclei of the enteroblasts. 

In Figs. 63 and 65 the anterior enteroblasts, EX and Ez, are 
shown displaced to the right (left in the figure, which is seen 
from the ventral side). This displacement is probably associ- 
ated with the rotation of 5D and the laeotropic torsion of all 
parts posterior to the foot. 

5 .  Organs formed from the Entoweyes. 

(a) The Archenteron. -The four macromeres form the roof 
of the archenteric cavity ; the cells of the fifth quartette form 
its lateral boundaries, inclosing the cavity on all sides save the 
posterior. Here the archenteric cavity runs backward between 
the cells 5C and 5D, nearly to the posterior. boundary of the 
egg, Figs. 57, 60, 68. The cells of the fourth quartette come 
together on the ventral side of the archenteron, forming its 
floor anteriorly, and ultimately giving rise to some of the many 
small cells which form that part of the mesenteron, adjoining 
the stomodaeum, Figs. go, 93, 95. Thus the whole mesen- 
teron becomes surrounded with yolk cells, all of which have 
their nuclei next the cavity of the mesenteron. 

(b) The Intestine. -In the latest stages in which they can 
be recognized the four enteroblasts form the ventral wall of 
the posterior prolongation of the mesenteron, Figs. 60-68 ; 
and since this prolongation ends near the middle of these four 
cells, they may also be said to form its posterior wall. This 
hollow process from the mesenteron is the fundament of the 
intestine, as further development plainly shows, and it is there- 
fore almost certain that the enteroblasts form a portion of the 
walls of this organ. 

The relation of these cells to the fundament of the intestine 
is still more plainly shown in actual sections of these stages. 
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In Fig. 89, which is a median horizontal section through an 
embryo of the stage shown in surface view in Fig. 74, these 
cells form the posterior boundary of the mesenteron. In  the 
vertical, longitudinal section shown in Fig. 92 it is also seen 
that they form the ventral wall of the intestine. The position 
and histological character of these cells leaves little room for 
doubt that they have been derived from the enteroblasts. 

After the yolk cells have moved over to the ventral side of 
the mesenteron there is left a polygonal opening between 
them at the posterior end, and by means of this opening the 
intestine communicates with the cavity inclosed by the large 
yolk cells, Fig. 76. By the laeotropic torsion to which the 
posterior end of the embryo is subjected, this opening is car- 
ried farther and farther up on the right side of the embryo, 
Figs. 68, 76, 80, 8 r ,  and at the same time the intestine grows 
longer, partly by the division of the enteroblasts and partly by 
the addition of cells which are derived from the yolk cells. 

At  this stage none of these small intestinal cells contain 
yolk spherules, and yet they do not stain like the purely proto- 
plasmic cells of the ectoderm or mesoderm, being lighter in 
color and more transparent. A t  an earlier stage the entero- 
blasts contained yolk spherules, Figs. 22-52, but in these 
later stages they seem to have been dissolved. 

The ventral wall of the intestine is from the first composed 
of these small cells, Figs. 76, 92, while the dorsal wall is 
formed by the large yolk cells ; the intestinal cells, therefore, 
form a groove, open widely on its dorsal side to the yolk. The 
two sides of this groove arch over and meet each other first at 
the distal end of the intestine and then progressively forward 
from this point ; the intestine thus becomes a tube with a dis- 
tinct lumen, the walls of which are composed entirely of small 
intestinal cells, Figs. 95, 104, 105. A t  its anterior end, how- 
ever, where it opens into the cavity between the yolk cells, the 
intestine remains a groove, Figs. 93-103. 

The posterior opening between the yolk cells, at which point 
the intestinal cells arise, lies at first on the ventral mid line. 
In the course of farther development, however, the yolk cells 
shift their positions, carrying this point of origin of the intes- 
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tinal cells anteriorly and on to the right side of the embryo, 
Figs. 76, So, 81.  The blind distal end of the intestine 
remains for a long time on the ventral mid line, while the 
main portion of the intestine curves up over the body of the 
embryo anteriorly and to the right, running just beneath 
the ectoderm until it ends in the shallow groove of intestinal 
cells which opens into the cavity between the yolk cells, 

A series of horizontal, longitudinal sections through an 
embryo of the stage shown in Fig. 80 is given in Figs. 102- 
105. Fig. 102 is taken through the plate of intestinal cells 
at the upper margin of the yolk-opening, Fig. 80; Fig. 1 0 3  
is taken through the middle of that opening ; while Figs. 104 
and 105 are below that opening and show the intestine as a 
tube ; at a little lower level it ends blindly. A thin layer of 
mesoderm cells surrounds the intestine in the later stages, but 
is usually separated some distance from its walls, Figs. 80, 
81. 

In older larvae the torsion goes still farther, the central end 
of the intestine being carried dorsally and posteriorly, and the 
distal end being brought up onto the right side of the embryo, 
where it ultimately opens into the branchial chamber. The 
anus does not appear until very late, -later than any of the 
stages figured, - and the proctodaeum is extremely short. 

(c) The Stomach. -That part of the mesenteron which is 
bounded by yolk cells we may perhaps, after the example of 
Bobretzky (‘77), call the “stomach,” though it gives rise to  
other structures besides that organ. The yolk cells which 
bound its cavity are at first large and pyramidal, their bases 
being outward and their apices extending into the cavity of 
the mesenteron. The protoplasm of each cell is aggregated 
at the apex, where also the nucleus is located, while the rest 
of the cell is densely packed with yolk spheres. At first the 
ectoderm cells at the inner end of the stomodaeum abut 
directly against some large yolk cells, Fig. 92, probably the 
derivatives of 4A, 4B, and 4C; but as development proceeds, 
the entoderm cells in this region divide repeatedly, growing 
much smaller, though they are still filled with yolk, while 
farther back the cells forming the walls of the stomach cavity 
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remain about the same size as before, Figs. 93, 95, 98. The 
nuclei of the entoderm cells stain deeply, and they are not 
round, but angular and irregular, as if they had been pressed 
out of shape by the yolk spheres which closely surround them. 
In Figs. 102-104 the entoderm cells at the inner end of the 
stomodaeum extend around the yolk on the right anterior side 
nearly to the intestinal cells, while the left and lower part of 
the yolk is still composed of the large pyramidal yolk cells. 

It lies in 
the median plane of the embryo, and throughout its whole 
course preserves an antero-posterior direction. When the shell 
gland and the foot attain to considerable size, the whole pos- 
terior part of the embryo is pushed toward the ventral side, and 
the course of the stomach, while still in the median plane, no 
longer lies in the line connecting the most anterior and pos- 
terior points of the embryo ; its anterior end lies slightly above 
this line, while its posterior end is much below it, Fig. 92. 
In more advanced stages the posterior end of the embryo is 
pushed still farther toward the ventral side, and at the same 
time is twisted around anteriorly and to the right. The pos- 
terior part of the stomach is now bent downward at an angle 
of nearly 90" with the anterior part, Fig. 93, and at the same 
time it is turned anteriorly and to the right, and its point of 
junction with the intestine, i.e., what was primarily its pos- 
terior end, is carried up on the right side of the embryo, until, 
as shown in Figs. 80, 81, it lies far up toward the dorsal sur- 
face. 

At first the cavity of the stomach is straight. 

Comparisons. 
In its general features the formation of the enteron is essen- 

tially the same in all gasteropods so far studied. The intestine, 
or hinder portion of the alimentary canal, is formed of clear, 
protoplasmic cells, called the '' cylinder cells " by Rabl ('79), 

the '' Darmplatte '' by Blochmann ('81), while the stomach is 
bounded by relatively large cells which contain more or less yolk. 

In particular the account of these processes given by 
Bobretzky ('77) for several prosobranchs is very similar to the 
account which I have given for Crepidula. However, when one 
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comes to inquire into the history of individual blastomeres, there 
is in general the same lack of data which was noticed in the 
study of the entoblast and mesoblast. In this case, therefore, 
as in previous instances, I am compelled to limit comparisons 
almost entirely to the work of Blochmann and Heymons. 

I am wholly unable to bring Blochmann’s account of the 
history and fate of the entoderm cells into accord with the 
work of either Heymons or myself. His figures would indi- 
cate that throughout the whole cleavage there is a large seg- 
mentation cavity between the four macromeres (see especially 
his Figs. 40, 49, 51,  58, 60, 64, 67, 71). Three small cells 
(enb, end, enx) which apparently correspond to 4A, 4B, and 4C 
in Crepidula are first shown at the vegetal pole, Figs. 54, 55. 
Afternard these cells pass a$ through the segmentation cavity, 
Figs. 63, 64, until they come to lie on the upper side of the 
macromeres. I n  the meantime two new cells are formed (en,, 
en,,), which have no homologues elsewhere so far as I know, 
and these cells also pass up through the segmentation cavity 
to the upper side of the macromeres. These small entoderm 
cells then divide, forming a cap of small protoplasmic cells 
which lie above the yolk cells and form the roof of the archen- 
teron. The Zatter cavity is in cornmanication with the exterior 
throzbgh the Zong and narrow segmentation cavity into which the 
blastopore opens on the ventral side. These small cells later 
form the intestine. 

This process is so absolutely unique that Blochmann’s account 
may well be doubted. Inasmuch as the macromeres or their 
derivatives, which are located at the middle of the ventral side, 
are in many cases invaginated, I once thought it possible that 
these small cells might correspond to the macromeres, A, B, 
C, D, while the large yolk cells might represent the cells of 
the fourth or fifth quartettes ; however, this view cannot be 
upheld, for these four large yolk cells can be followed right 
through the development, and are undoubtedly the macro- 
meres A, B, C, D. At present it is altogether useless to 
attempt a detailed comparison of the entoderm cells of Neri- 
tina with those of other gasteropods. 

In  Umbrella the macromere D is smaller than the other 
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three, especially after the formation of 4D. The fourth quar- 
tette is formed just as in Crepidula, except that the cells 4A, 
4B, and 4C are considerably larger than the macromeres, A, B, 
C, D. There is a fifth quartette in Umbrella, the cells of 
which are like those of Crepidula in all essential respects, 
although showing some minor differences. The cell D divides 
@st, and C divides soon after. Both of these divisions are 
equal and bilateral, and the new cells formed (5C, 5D) lie pos- 
terior to C and D. Afterward A and B divide bilaterally but 
unequally, giving off two large cells anteriorly (5A and 5B), 
which lie in front of A and B and on each side of 4B. Hey- 
mons emphasizes the fact that these divisions, unlike the pre- 
vious divisions of the entomeres, are bilateral, all the spindles 
being parallel to the median plane. 

Afterwards the cells of the fourth quartette 4A and 4C 
divide in the same direction as in Crepidula; but the anterior 
product is in each case smaller than the posterior one ; 4 B  
divides much later and in a dorso-ventral direction. It will be 
remembered that the division of this cell is dexiotropic in 
Crepidula, and that the products afterwards lie one above the 
other. In Umbrella this cell (4B) occupies the anterior pointed 
portion of the embryo. 

Those cells of the fourth 2nd fifth quartettes, which are 
larger than the macromeres in Umbrella, are not carried 
around to the ventral side as in Crepidula, but, on the other 
hand, the macromeres move up through the space between 
these cells. Virtually the same result is thus attained as in 
Crepidula. In the latter animal the macromeres are the large 
cells and are relatively fixed in position, while the cells of 
the fourth and fifth quartettes are smaller and movable; in 
Umbrella the fourth and fifth quartette cells are the larger 
ones and are relatively fixed, while the macromeres, which are 
much smaller, are movable. In both animals the macromeres 
form the roof of the archenteron, while the cells of the fourth 
and fifth quartettes form its sides. 

Two of the cells of the fifth quartette, 5C and 5D, are quite 
small and are invaginated with the four macromeres. These 
six cells Heymons calls the ‘‘ Primare Darmzellen ”; the 
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remaining entomeres he calls the L r  Secondare Darmzellen.” 
The intestine is said to be formed from the small cells C” and 
D” (= 5C and 5D). In the history of the entomeres this is 
really the only point of difference between Umbrella and 
Crepidula which cannot be satisfactorily explained. 

Neither Wilson nor Lillie have observed the division of the 
entomeres after the formation of the fourth quartette. Mead 
(‘94), however, has observed the formation of the fifth quartette 
in Amphitrite, for he says, p. 467 : “a4, b4, c4 (= 4A, 4B, 4C) 
and A, B, C, D form the entoderm, the latter cells each 
dividing once before the invagination.” 

VIII. AXIAL RELATIONS OF EGG AND EMBRYO. 

I. The Primary CZeavages. 

In recent years much attention has been paid to the relation 
of cleavage planes to the future axes of the devdoping animal. 
Interest was first awakened in this subject by several observa- 
tions which tended to show that the first cleavage plane always 
coincides with the future median plane. Such a ielation was 
found by Agassiz and Whitman (‘84) in certain pelagic fish 
eggs, by Roux (‘85) and Pfliiger (‘85) in the frog, by Van 
Beneden and Julin (‘84) in Clavellina, by WatasC (‘90) in Loligo ; 
and the belief was expressed by some authors that the first 
cleavage plane would be found to coincide with the median 
plane in all animals with bilateral symmetry. However, fur- 
ther work on this subject has not justified this opinion. 

Hatschek (‘80) found that in the case of Teredo the first 
cleavage was transverse to the median plane, and later the same 
relation was found by Wilson (‘90) in Nereis, Conklin (‘92) in 
Crepidula, Heymons (‘93) in Umbrella. 

In other animals it appeared that the first cleavage lay 
between the median and transverse planes. Whitman (‘78) 
found in Clepsine that one of the first four macromeres is 
anterior, another posterior, and that both the first and second 
cleavage planes cross the median plane of the embryo obliquely. 
Rabl (‘79) established such a relation in Planorbis. Blochmann 




