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ABSTRACT The development of isolated blastomeres, separated at the first 
and second cleavage has been studied. After separation at the first cleavage, 
one half-embryo (CD) becomes swollen and balloon-like and develops adult 
organs such as eyes, tentacles, shell, operculum, etc. The other half (AB) is 
much more compact and never develops these adult structures. 

After separation on the alternate axis at  the second cleavage to produce AD 
and BC halves, both halves could form all adult structures. 

These results indicate an equivalent organizing capacity of the C and D 
quadrants contrary to most spiralians, such as Ilyanassa, where the D quadrant 
alone exerts the major organizational influence. 

The experimental evidence is discussed in relation to the distribution of the 
cytoplasmic vegetal body, rich in  RNA, which is passed to the CD blastomere 
in the polar lobe and then evidently equally distributed to C and D. 

Crampton (1896) first studied the de- 
velopment of isolated blastomeres in gas- 
tropods, using Ilyanassa, Urosalpinx and 
Anachis .  He found that the separated 
cells underwent cleavage in a pattern 
typical of the part of the normal embryo 
from which they originated and not at all 
comparable to that of the whole embryo. 
A more extensive study on the develop- 
mental potencies of isolated blastomeres 
was carried out by Wilson ('04a,b) with 
eggs of the gastropod Patella and the 
scaphopod Dental ium.  Wilson succeeded 
in rearing the isolated cells to a stage 
where larval structures appeared. He con- 
cluded that isolated cells can give rise to 
the same structures as they would have 
done as a part of the whole embryo. In 
addition, he established the important 
role of the polar lobe in the development 
of Dentaliurn, for after removal of this 
lobe at first cleavage a defective larva was 
formed without apical tuft and posttrochal 
region. Similar results were obtained by 
Rattenbury and Berg ('54) studying the 
development of lobeless embryos and iso- 
lated blastomeres of the bivalve Mytilus. 
Studies of isolated blastomeres in other 
spiralians have recently been reviewed by 
Cather ('71). The most penetrating studies 
on the significance of the polar lobe for 
development and on the potencies of indi- 
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vidual blastomeres are those of Clement 
('52, '56, '62) carried out with eggs of the 
mudsnail Ilyanassa. Clement showed that 
after removal of the polar lobe at the 
trefoil stage all distinctive features of the 
cleavage in the D quadrant are lost, so 
that cleavage becomes identical in all 
quadrants. In the lobeless larva no adult 
structures such as foot, eyes, tentacles, 
etc., originate. Clement's study of iso- 
lated blastomeres showed that adult struc- 
tures only develop from the D macromere 
or combinations including it. The A, B, or 
C blastomeres always develop like lobe- 
less embryos. Extending this study Clem- 
ent removed the D macromere at suc- 
cessive stages. It appeared that removal 
of D, 1D and 2D has approximately the 
same consequences for later development 
as removal of the polar lobe, but after 
removal of 3D a larva with eyes, velum, 
shell and foot may develop. When only 
4D is deleted even the heart and intestine 
are added to form a small but perfect 
larva. 

Hess ('56) succeeded in separating the 
blastomeres of the fresh-water prosobranch 
Bithynia tentaculata. He studied the cleav- 
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age and the early development of isolated 
blastomeres. However, he failed to rear a 
sufficient number of 1/2- and 2/4-embryos 
to a stage, at which organogenesis oc- 
curred, so that little is known about the 
potencies of the blastomeres. Since Bi- 
thynia has a very small polar lobe (20- 
30 p) which is very difficult to remove, 
a comparison of the development of iso- 
lated blastomeres which receive or do not 
receive polar'lobe material can determine, 
whether such a small lobe has a compara- 
ble influence on development to the much 
larger lobe of Ilyanassa. 

MATERIAL AND METHODS 

Eggs used in these experiments were 
obtained from snails (Bithynia tentacu- 
lata) taken from ditches near Utrecht. 
The snails were kept in glass aquaria in 
the laboratory where spontaneously laid 
egg masses were collected from leaves of 
waterplants at regular intervals. The sep- 
aration of blastomeres was carried out in 
small wax-bottom dishes. A small opening 
was made in the capsule wall with a sharp 
knife. A pointed hair, inserted through 
this opening, was used to separate the 
blastomeres in the capsule. As already 
observed by Hess ('56) the opening in the 
capsule is soon closed, apparently by a 
coagulation of the capsule fluid. In con- 
trol experiments such an opening did not 
appear to be harmful to the developing 
embryo. About 50% of the eggs in an egg 
mass were operated, the remaining eggs 
served as controls. 

After the operations an egg mass was 
transferred to a small covered dish (Bo- 
veri type) of copper-free tapwater. The 
eggs were cultured at 25°C  and inspected 
daily. After inspection an egg mass was 
cleaned on moistened filter paper and 
transferred to a clean dish. When one of 
the half embryos of a pair, originating 
from the same egg, died, the other was 
discarded. 

Control embryos, reared at 25"C, leave 
their capsules after 12-14 days. As the 
development of the half embryos some- 
times seemed to be retarded, we tried to 
keep them alive as long as possible. How- 
ever, nearly all half embryos died after 
about 17 or 18 days. Therefore the half 
embryos were cultured for 14-16 days. 
When both partners of a pair originating 

from a single egg, were still alive, they 
were either stained directly with silver 
nitrate (Verdonk, '65), or fixed in Bouin's 
fluid. The silver-stained embryos were de- 
hydrated and mounted in balsam with the 
cover glass supported by a thick piece of 
paper. In this way the whole embryo can 
be oriented as desired and studied in 
detail. The embryos fixed in Bouin's fluid 
were treated according to usual histologi- 
cal methods. Serial sections of 5 p were 
stained with iron haematoxylin and eosin. 

To enable comparison of organs and 
anlagen of organs found in half embryos 
with those of normal embryos, a series 
of normal embryos ranging from 5 to 16 
days were similarly prepared. 

RESULTS 

A. The development of AB- and 
CD-halves 

The separation of blastomeres was car- 
ried out after the completion of first cleav- 
age, when the blastomeres started flatten- 
ing against each other. A total of 574 eggs 
from 130 egg masses were operated on; 
in only 80 cases did both halves stay alive 
long enough for the development of adult 
organs (14-16 days at 25°C). 

During the first days of development 
both halves swell but not to the same ex- 
tent. One half forms a balloon-like em- 
bryo, which has at one side a compact 
mass, from which most of the adult organs 
originate. The other half develops into a 
more compact structure, lacking most or- 
gans. Fifty-five pairs of half embryos were 
studied as whole mounts after staining 
with silver nitrate. The results are shown 
in table 1. Large ectodermal cells, partly 
covered with cilia are always present in 
both halves. They represent the larval 
head cells which form such structures as 
the head vesicle, apical plate and velum, 
although they are never organized as in 
a normal head. Adult organs were always 
observed in the balloon-like half. So in 30 
cases an eye (even two eyes in seven cases) 
was present in this half. In three cases a 
pigment spot (in one case four such spots) 
was observed in the compact half, which 
lacked the other adult organs. These spots 
could possibly represent eyes, but this 
seems doubtful as they were never ob- 
served in the sectioned embryos (see be- 
low). 
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TABLE 1 

S u m m a r y  of s t ruc tures  presen t  in 55 pairs  of ha l f - embryos  (AB a n d  CD) studied 
( I S  whole mounts after s i lver  s ta in ing  

Present in Present in Absent in 
both halves Organs both halves one half only 

49 

Larval head structures 55 
Eye 3? 
Tentacle 3? 
Shell - 
Operculum - 
Gills - 

Whereas an  eye was present in the 
swollen half, a tentacle-like structure was 
found in most cases in the compact half. 
In only three cases were they observed in  
both halves. 

Shell (34 cases) and operculum (14 
cases) were always limited to the swollen 
half. Gills were observed only twice, also 
in the swollen half. An example of two 
half-embryos, originating from the same 
egg is shown in figure 1. 

The results of the study of sections of 
25 pairs of half-embryos are shown in 
table 2. As in the whole mounts significant 
differences were apparent between the 
two partners of a pair, originating from 
the same egg. One half always showed a 

- - 
30 22 
22? 30 
34 21 
14 41 
2 53 

compact structure and was filled with 
muscle cells and mesenchyme cells (plate 
1; fig. 3). The other half-embryo showed 
well developed organs often grouped to- 
gether, with the rest of the embryo swol- 
len into the previously described balloon- 
like vesicle (plate 1; fig. 4). Larval head 
cells were always present in both halves 
but they never formed a complete head 
vesicle or velum. A well-developed eye was 
always restricted to one half. In 16 cases 
the eye was single; in three cases two eyes 
were present in the same half. In two 
cases one partner had a well-developed 
eye, while the other showed a small un- 
pigmented vesicle, which possibly could 
represent the early anlage of a n  eye. 

e 

'5.5. 1 
Fig. 1 Silverstained whole mounts of two 1/2-embryos from a single egg. The left one 

shows two eyes (el, shell (sh) and a row of larval head cells (lhc). All these structures are 
situated a t  one side, whereas the other side consists of a swollen sac (ss), which partially 
collapsed in the silver nitrate. In the other half-embryo (to the right) only larval head cells 
are recognizable. No adult structures present. 
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TABLE 2 

S u m m a r y  of s t ruc tures  p r e s e n t  in 25 pa i r s  of hal f -embryos ( A B  rind C D )  s tud ied  in sections 

Organs 
Present in Present in Absent in 

both halves one half only both halves 

Larval head structures 
Eye 
Tentacle 
Shell 
Operculum 
Gills 
Foot 
Statocyst 
Ganglia 
Muscles 
Foregut 
Midgut 
Hind gu t 

25 
2? 
- 

- 
25 
25 

25 
3 

- 

- 
19 
2 

23 
21 

2 
5 

24 
- 
- 
12 

14 
- 

- 

4 
23 
2 
4 

23 
20 
1 
- 
- 
13 

8 
- 

Apparent pigment spots, observed in liv- 
ing compact halves, were never seen in 
sections nor were any other specific eye 
structures present. 

Tentacle-like structures, mostly filled 
with muscle cells were often observed in  
the compact half-embryos, but after closer 
examination it seems doubtful whether 
they are true tentacles. Short bristles, 
typical of tentacles in normal embryos, 
were never observed. Similar structures, 
filled with muscle cells, but not showing 
the shape of a tentacle are often present. 
An eye was never observed at the base of 
these structures. For these reasons we 
do not consider them as tentacles and 
most of the tentacle-like structures, ob- 
served in whole mounts, most probably 
belong to the same category. 

With one exception at least one stato- 
cyst was present in one half of a pair; in  
eight cases two and in three cases three 
statocysts were found in the same half. 

Ganglia were always observed in both 
halves. As these ganglia in all half-em- 
bryos are apparently situated more or 
less randomly, it was impossible to identify 
them specifically. 

Shell, recognizable by its shape and 
structure, was in all cases (23) restricted 
to one half; in two cases two shell plates 
and in one case three shell plates were 
present in the same half embryo. Most 
of the embryos with a shell also had one 
or two opercula; only two half-embryos 
had a shell but no operculum. 

A rather well-shaped foot was observed 
in five half-embryos. All swollen half-em- 
bryos showed areas, which histologically 

resemble the foot, consisting of typical 
columnar cells with short cilia, often in- 
terspersed with mucous cells. The oper- 
culum was situated either in this area 
or very close to it. Gills were observed 
only twice. 

In 13 living half-embryos a beating 
larval heart was observed, which was 
always restricted to one half. This thin- 
walled vesicle, described by von Erlanger 
(1892), could not be identified in most of 
the sectioned embryos. In sections of five 
half-embryos a cavity was found, lined by 
flat cells, which resembled the cells of the 
pericardial cavity in normal embryos of 
eight days. An adult-type heart or kidney 
was never observed. 

As mentioned above muscle cells are 
abundant in the compact halves; in the 
swollen halves muscle cells are rather 
scarce, but usually better developed. 

In normal embryos the entrance of the 
stomodaeum is characterized by elongated 
cells with clear cytoplasm. Small gran- 
ules are present near the surface where 
long cilia protrude. These cells are very 
distinct at the veliger stage (seven to eight 
days) but in normal embryos of 16 days, 
which have a well developed mouth cavity, 
they are no longer distinguishable. Al- 
though the half-embryos were maintained 
for a period of 14-16 days stomodaeum 
entrance cells were still observed in some 
cases, but always restricted to the swol- 
len half of a pair. In other swollen embryos 
a buccal cavity was observed and in one 
case there was even a well developed 
radula. Stomach tissue was limited also 
to the swollen partner. As in Ilyanassa 
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(Atkinson, '71) the stomach is character- 
ized by an extra-cellular layer stained 
grayish with iron haematoxylin and some- 
times accompanied by a part of a style 
sac with characteristic stiff cilia. The 
part of the midgut, which was always 
present in both halves was the larval 
liver, sometimes covering a part of the 
surface but usually forming a mass with 
or without a lumen inside the embryo. 

Hindgut was observed three times in 
both halves of a pair; 14 times in one 
half only and in eight pairs of embryos 
it was not observed. In 12 half-embryos 
the hindgut connected the midgut with 
the exterior; in four cases it arose from 
the midgut but the other end was closed, 
while in four other cases there was no 
connection with the midgut. 

In order to determine which half rep- 
resents the AB-half, blastomeres were 
separated immediately after first cleav- 
age, when the polar lobe was still rounded 
off with respect to the blastomeres. In 
most cases the eggs cytolized, most prob- 
ably because the blastomeres still retained 
cytoplasmic connections with each other. 
In a few cases, however, both blastomeres 
stayed alive and the half with the polar 
lobe could be distinguished. Sometimes 
the lobe did not fuse. The reason may be 
that it remained in contact with the AB- 
blastomere and was unable to fuse (cf. 
Verdonk, '68). After the polar lobe fused 
with one of the blastomeres this blasto- 
mere was killed. Six half-embryos, known 
to have originated from the AB-blasto- 
mere, were reared for 15 days. After study- 
ing sections of these embryos it was ap- 
parent that adult organs such as eyes, 
tentacles, stomodaeum or mouth struc- 
tures, shell, etc., were missing, while lar- 
val head cells, liver, ganglia and muscle 
cells were present. Consequently we may 

conclude that after first cleavage the AB 
cell has limited developmental capacities 
and that it is the compact half of the 
separation experiments. A section of a 
known AB-half-embryo is shown on plate 1, 
figure 5. 

In five cases the AB-half was killed. 
The CD-halves developed into balloon-like 
embryos, which were reared for 15 days. 
In sections of four of these CD-embryos 
an eye appeared to be present, but ten- 
tacles were never observed. All showed 
shell, operculum and statocyst. Two of 
them showed mouth structures, one even 
a well developed radula. In conclusion we 
may state that it is from the CD blasto- 
mere that all adult structures can develop 
and that CD is the swollen half of the 
separation experiments. A section of a 
CD-half-embryo is shown on plate 1, fig- 
ure 6. 

B.  The deve lopment  of AD- and 
BC-halves 

The separation of AD- and BC-halves 
was carried out just after the completion 
of second cleavage, when the blastomeres 
were still rounded. In order to ascertain 
the separation of the correct pairs, all 
eggs, selected for operation, were observed 
from the beginning of second cleavage. 

The development of 2/4-halves (AD and 
BC) is better than of 1/2-halves (AB and 
CD) separated at first cleavage. Both 
halves develop in the same way; they 
never become swollen embryos. From 60 
egg masses 295 eggs were operated at 
second cleavage. In 67 cases both halves 
originating from the same egg were cul- 
tured for 14-16 days a t  25°C. During this 
period many adult structures such as  eyes, 
tentacles, shell, stomach, etc., originate. 

Forty pairs were studied as whole  m o u n t s  
stained with silver nitrate. The results 

TABLE 3 

S z i m m n q  of the s tructures  present  in 40 pnirs  of hnlf-embryos ( A D  and B C )  studied 
( I S  whole mounts nfter silver staining 

Organs 

~ ~~ 

Present in Present in Absent in 
both halves one half only boih halves 

Larval head structures 
Eye 
Tentacle 
Shell 
Operculum 
Gills 

40 
17 
17 
18 
9 

- 
18 
21 
22 
12 
29 

- 

5 
2 

19 
11 

- 
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are summarized in table 3. An example 
of two 214-embryos originated from the 
same egg, is shown in figure 2. 

All 40 pairs of 2/4-embryos showed lar- 
val head cells, although these were never 
organized as in a normal head. One eye 
in each of these halves was observed in 
15 cases and two eyes in one and one eye 
in the other half in two other cases. 
Eighteen 2/4-embryos showed an eye in 
only one partner and in five pairs eyes 
were absent in both halves. 

One tentacle was present in each part- 
ner in 12 pairs; one half-embryo with two, 
the other with one tentacle in three pairs 
and one half-embryo with two, the other 
with three tentacles in two pairs. Sixteen 
half-embryos showed one tentacle, 3 two 
and 2 three tentacles, whereas in the 
partners this structure was absent. 

A shell was present in both halves in 
18 pairs. In 22 cases it was found in one 
half only. A single operculum in  both 
halves was observed in seven partners; 
one operculum in one and two opercula 
in the other half in two cases. In 12 
pairs only one half showed this structure, 

which in two cases was present twice. In 
19 cases it was absent in both partners. 

Gills were the only structure, which 
never was observed in both members of 
a pair of 214-embryos. They were absent 
in 11 pairs and in 29 cases present in 
one half. 

Twenty-seven pairs of 214-embryos were 
studied in sections stained with iron hae- 
matoxylin. The results are shown in ta- 
ble 4. Examples are shown on plate 2, 
figures 7-8 and 9-10. 

Larval head cells, not normally or- 
ganized into specific structures, were ob- 
served in all half-embryos. One eye was 
present in both partners of ten pairs; in 
three one half showed two and one a 
single eye. In ten pairs an eye was found 
in one of the two partners; in two pairs 
one partner showed two eyes, missing in 
the other and in two cases an eye was 
absent in both 214-embryos. 

A single tentacle present in each half- 
embryo was found in seven pairs, in two 
cases two tentacles in one half and one in 
the other, and in one case two tentacles 
in each 214-embryo were observed. In eight 

I hc ma.c. 

2 

t 
e 

Ihc 

Fig. 2 Silverstained whole mounts of two 2/4-embryos from a single egg. Both have a 
tentacle (t), an  eye (e), a shell (sh) with mantle (ma), mantle cavity (ma.c) [not visible in  this 
view of the right embryo] and larval head cells (lhc). A distinct foot (0 is present only in the 
left embryo. 
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TABLE 4 

S u m m a r y  of s tructures  p r e s e n t  in 27 pa i r s  of ha l f - embryos  ( A D  a n d  B C )  s tud ied  i n  sect ions 
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Organs 
Present in Present in Absent in 

both halves one half only both halves 

Larval head structures 
Eye 
Tentacle 
Shell 
Operculum 
Gills 
Foot 
St a tocy s t 
Ganglia 
Muscles 
Foregut 
Midgut 
Hindgut 

27 
13 
10 
10 
4 

4 
26 
27 
27 
6 

27 
6 

- 

- 
12 
15 
14 
15 
18 

9 
1 
- 
- 

11 

14 
- 

- 
2 
2 
3 

9 
14 

a 

- 
- 
- 
10 

7 
- 

pairs one half only bore a tentacle and 
in another seven cases two, whereas the 
partner had no tentacle. In two pairs no 
tentacles were present. As regards the 
relation between eye and tentacle, in 30 
cases the eye was found at  the base of 
a tentacle; however in six cases, in which 
both structures were present in the same 
half-embryo, they were situated at some 
distance from each other. In the remain- 
ing cases eye and tentacle were not pres- 
ent in the same 2/4-embryo. 

With one exception all 2/4-embryos 
showed at least one statocyst. In 22 half- 
embryos two statocysts were present and 
in two half-embryos three. 

Several ganglia were present in all half- 
embryos. On account of the apparently 
random arrangement of the organs in the 
2/4-embryos no attempt to identify indi- 
vidual ganglia has been made. 

Shell and operculum were often found 
together in the same half-embryo. A shell 
was present in both partners in ten pairs; 
in one partner in 14 pairs and absent 
in three pairs. The operculum was found 
four times in both partners; 14 times in 
one partner only and in nine pairs it was 
absent. 

On the surface of nearly all half-em- 
bryos cells were found with short cilia, 
often in combination with mucous cells 
which undoubtedly represent foot epithe- 
lium. However, a distinct foot was ob- 
served in only four pairs; in nine half- 
embryos it was present in one of the 
partners. Gills, often well developed, were 
always restricted to one partner. 

In living embryos a beating heart was 

observed seven times in both halves of a 
pair; 11 times in one half and in nine 
pairs of embryos it was not observed. In 
all cases this was a larval heart, a thin- 
walled vesicle, which escaped detection 
in most of the sectioned embryos. In 
sections a cavity was often observed which 
looked like the common anlage of peri- 
cardium, heart and kidney. As a definite 
heart or kidney were never identified, it is 
difficult to decide whether this cavity is 
the anlage of heart and kidney. Nearly 
all half-embryos show contractions in later 
stages. Well-developed muscle fibers, some- 
times arranged into muscles, were found 
in all 2/4-embryos. 

The alimentary tract never forms a 
continuous structure from mouth to anus. 
The foregut, if present, is already well 
developed and typical cells, lining the 
entrance of the stomodaeum in the nor- 
mal larva, were not observed. As in the 
control embryos of 16 days the buccal 
cavity is lined by thick epithelial cells and 
a well-developed radula with rows of teeth 
may be present. Foregut structures present 
in both partners of a pair were observed six 
times; in one partner 11 times and absent 
in both partners ten times. An esophagus 
was rather seldomly (six times) observed 
in 2/4-embryos and the foregut was never 
connected with stomach or liver. The 
stomach was well developed in both part- 
ners in three pairs; in 15 pairs it was 
observed in one partner, while i t  was 
missing in nine pairs. Liver tissue was 
present in all half-embryos. It may be 
localized as one or more masses inside 
the embryos, but sometimes it forms a 
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part of the surface. When a lumen was 
present it was often continuous with the 
lumen of the stomach. Hindgut was ob- 
served seven times in both partners of 
a pair; 13 times in one partner and in 
seven cases it was absent in both partners. 
In 13 embryos i t  connected the midgut 
with the exterior; in seven it was con- 
nected at one end with the midgut, while 
the other end was closed. In another seven 
cases there was no connection with the 
midgut. 

DISCUSSION 

In order to give an interpretation of the 
results we have first to know, which part 
of the snail originates from AB, CD, AD 
or BC in normal development. As molluscs 
show a determinative cleavage, the origin 
of the organs can be traced to special cells 
by cell-lineage studies. The cell-lineage 
of Bithynia has not yet been completed 
but we have information on the cell-lineage 
of related snails such as the prosobranch 
Crepidula (Conklin, 1894) and the pulmo- 
nates Planorbis (Holmes, '00); Physa 
(Wierzejski, '05); Lymnaea  (Verdonk, '65) 
and Biomphalaria (Carney and Verdonk, 
'70). The cell-lineage study of Bithynia 
so far indicates that information from 
these snails is generally applicable to 
Bithynia . 

The head region of a snail embryo con- 
sists of two types of structures: first, larval 
head structures such as velum, apical 
plate and head vesicle; second, cephalic 
plates, from which eyes, tentacles and 
cerebral ganglia originate. Larval head 
structures are formed in all four quad- 
rants, so that we may expect them to 
occur in all 1/2- and 2/4-embryos. The 
major part of the left cephalic plate orig- 
inates from la12 and the right one from 
lc12, while lb12 contributes to both. Conk- 
lin (1894) did not use the name "cephalic 
plates." However, the cell areas from 
which the cerebral ganglia and eyes in 
Crepidula originate are identical with the 
cephalic plates in other snails. He derives 
these areas from la112 and from lb112. 
Clement ('67) in his deletion experiments 
with Ilyanassa showed that Conklin was 
incorrect in his derivation of the right eye 
from lb112. All evidence, available at the 
moment points the origin of the left eye 
and tentacle to l a  and of the right eye 

and tentacle to lc. Consequently one may 
expect these structures to be present in 
all half-embryos as they all include the 
A or C quadrant. Nevertheless after sepa- 
ration of AB and CD at first cleavage eyes 
were only observed with certainty in the 
CD-half-embryos while after separation of 
blastomeres at second cleavage both AD 
and BC embryos had the capacity to form 
eyes. 

From their origin eyes and tentacles 
may be expected to occur close together 
in the half-embryos. In CD-halves an eye 
frequently occurs but it is seldomly ac- 
companied by a tentacle. The reason may 
be that these half embryos swell greatly 
during development, so that the tentacle 
anlage becomes flattened over the surface. 
In AD- and BC-halves a single eye is 
found usually at the base of a tentacle. 
Sometimes two eyes or two tentacles are 
observed close together. This can be ex- 
plained as a doubling or splitting of a 
single eye anlage. In some cases eye and 
tentacle remain well separated so that a 
common origin seems improbable. This 
may be explained if we assume that in 
prosobranchs as well as pulmonates l b  
contributes to the formation of the ce- 
phalic plate material. In normal develop- 
ment the cephalic plate cells, which orig- 
inate from l b  are originally separated but 
later join the anlage of left and right 
cephalic plate. In BC-halves both Ib and 
l c  form cephalic plates which may not 
fuse so that both give rise to an eye and/or 
tentacle. 

The shell, according to Conklin (1894) 
originates from 2d. Cather ('67) showed 
that in l lyanassa 2c also contributes to 
the formation of the shell. Raven ('52) 
from his study of partially exogastrulated 
embryos concluded that the formation of 
the shell gland in Lymnaea  is due to an 
inductive action exerted by the tip of the 
archenteron on the ectoderm. According 
to Hess ('56) all 1/2-halves in Bithynia,  
in which the larval liver was invaginated, 
show a shell gland. Hess too concluded 
that there was an induction of the shell 
gland by the entoderm. Although Hess 
describes shell gland in supposedly AB- 
half embryos, we never found shell except 
in the CD-halves. The AB-halves may show 
shell gland at younger stages, not studied 
by us, but if so, shell is never differen- 
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tiated by these shell glands, which must 
then disappear since they were never ob- 
served in our AB-halves. 

The foot, according to Conklin (1894), 
originates from both 3c and 3d. In Bi- 
t hyn ia  foot was never observed in the 
AB-halves. In CD-, AD- and. BC-halves 
foot epithelium, accompanied by an oper- 
culum, was often present, although a well- 
shaped foot was seldomly observed. Stato- 
cysts originate in Ilyanassa in relation 
with the foot from 3c and 3d (Clement, 
'62). They were never observed in AB- 
halves, but in nearly all CD-halves a t  
least one, but often two or three stato- 
cysts were present. The same is true for 
AD- and CD-half-embryos. 

Ganglia originate from the ectoderm. 
As they were found in all half-embryos, 
their development is rather autonomous. 

Heart and kidney are mesodermal struc- 
tures, whose origin is closely related (cf. 
von Erlanger, 1892). In the development 
of molluscs all mesodermal structures orig- 
inate from the mesentoblast 4d. In nor- 
mal development of Bithynia a larval heart 
is formed, which is an ectodermal vesicle, 
situated just posterior of the head region. 
It starts beating at the fifth day of de- 
velopment. In several CD-, AD- and BC- 
half-embryos, but never in AB-half-em- 
bryos, a beating larval heart was present. 
The adult heart was never observed with 
certainty in living embryos. Also in sec- 
tions it was not possible to distinguish an  
adult heart or kidney. The origin of meso- 
derm and mesodermal structures both in 
normal and half embryos requires tracing 
them through successive stages of develop- 
ment. 

The stomodaeum originates from cells 
of the second and third quartette of mi- 
cromeres. After separation of blastomeres 
at first cleavage Hess ('56) observed a 
stomodaeum only in one half, which he 
considered to be the AB-half. However 
in our experiments stomodaeum or struc- 
tures originating from it, such as mouth 
cavity, radula and radular sac were always 
limited to the CD-halves. After second 
cleavage foregut structures were found 
in both AD- and BC-halves. 

In gastropods midgut and hindgut could 
be traced to the macromeres 4A-4D, while 
the mesentoblast 4d probably contributes 
to the hindgut. After separation of AB 

and CD at first cleavage in both halves 
larval liver was found, but the differen- 
tiation of the stomach was always limited 
to the CD-half. As hindgut was found in 
all half-embryos, apparently the presence 
of 4d is not required for its formation in 
Bit hynia.  

We may conclude from the data avail- 
able from cell-lineage studies that the con- 
tribution of AB to organogenesis is far 
greater than the organs observed in AB- 
half embryos. Adult structures such as 
eyes and tentacles, foregut structures and 
stomach certainly could be expected but 
were never observed. Even shell could be 
expected, when it is induced by the ento- 
derm as liver cells are often situated in- 
side the embryo. Nevertheless shell was 
never formed in the AB-embryos. 

On the other hand both AD- and BC- 
halves, isolated after second cleavage de- 
velop organs, which in broad outline also 
originate from these cells in the intact 
embryo. Regulation on a broad scale ap- 
parently does not occur in Bithynia,  as it 
does in the pulmonate Lymnaea palustris. 
In isolation experiments Morrill et al. 
('73) showed that in this snail one blasto- 
mere at the 2-cell stage is able to form 
a complete embryo. This never occurs in 
Bithynia or Ilyanassa. 

Comparing our data with those of Clem- 
ent ('56) it appears that at first cleavage 
the developmental capacities of the blas- 
tomeres in both prosobranchs Bithyniu and 
Ilynassa are the same. Only from CD do 
adult organs like eye, tentacle, shell, etc., 
develop. However after second cleavage 
the situation is quite different. In Ilya- 
nassa only the D macromere or combina- 
tions containing the D macromere may 
give rise to embryos with adult structures. 
In Bithynia these structures form not only 
from the AD-half but they also arise from 
the BC-half. 

An investigation of ooplasmic segrega- 
tion was then done to determine if there 
was some common factor which could 
explain the fact that both AD- and BC- 
halves could give rise to adult structures. 
Stages from the uncleaved egg to four 
cells were investigated in detail (Dohmen 
and Verdonk, to be published). At first 
cleavage a distinctive cup-shaped cyto- 
plasm, rich in RNA, is present in the 
polar lobe. This cytoplasm is passed ex- 
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clusively to the CD blastomere with the 
fusion of the lobe. In this way it appears 
that the CD cell gets developmental ca- 
pacities not present in the AB cell. At the 
beginning of second cleavage this special 
cytoplasm suddenly disappears and is evi- 
dently dispersed to the C and D blasto- 
meres. This evidence is consistent with 
the experimental data, which strongly 
suggests that these blastomeres in Bi- 
thynia  obtain the same developmental ca- 
pacities because of an equivalent distri- 
bution of this unique cytoplasm. 

In Ilyanassa such a special cytoplasm 
is not visible in the polar lobe (Pucci- 
Minafra et al., ’69; Geuskens and de Jonge 
d’Ardoye, ’71). Nevertheless the presence 
of morphogenetic factors in the polar lobe 
is well established by the experimental 
work of Clement (’71). In llyanassa the 
morphogenetic factors are apparently 
shunted with the polar lobe exclusively 
to the CD blastomere and at second cleav- 
age to the D blastomere. Consequently 
only the D blastomere or combinations 
with the D blastomere develop “lobe de- 
pendent” structures, such as eyes, tenta- 
cles, external shell, etc. The difference 
between Bithynia and Ilyanassa appears 
to be related to the different stages at 
which the morphogenetic factors, included 
in the polar lobe, are released. In Bithynia 
this occurs just at the end of the two- 
celled stage, when the special cytoplasm 
breaks down and its fine structural ele- 
ments are released. In this way the mor- 
phogenetic factors are separated to C and 
D at second cleavage. 

In l lyanassa all ABC + Id and most of 
ABC + I d  + 2d larvae develop similarly 
to lobeless embryos. After removal of 3D 
all adult organs except the heart and in- 
testine are present and after 4d is in- 
cluded a structurally complete embryo is 
formed (Clement, ’62). The most obvious 
explanation is that in l lyanassa the cyto- 
plasmic determinants, originally present 
in the polar lobe, are gradually distrib- 
uted to the D quadrant micromeres. Ap- 
parently the morphogenetic factors of the 
polar lobe in Ilyanassa are restricted to 
the D quadrant for a much longer time 
than in Bithynia.  

The polar lobe of Bithynia,  although 
very small, with a volume less than 1% 
of the total egg volume, has nevertheless 

the same morphogenetic influence as the 
much larger lobe of l lyanassa.  Since this 
lobe contains an unusual cytoplasm, not 
previously described in the polar lobe of 
other molluscs, it appears particularly 
well suited for further investigations. 
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PLATE 1 

EXPLANATION O F  FIGURES 

3 4  Sections through the two 1/2-embryos from a single egg. One half- 
embryo (fig. 3) shows a mass of muscle cells (m), larval liver (1) 
and a ganglion ( g ) .  The other half-embryo (fig. 4) shows two stato- 
cysts (sc), two ganglia (g), larval liver (I), stomodaeum entrancc 
cells (sd) and a radula (r). A section of the turret-like shell of this 
embryo is situated to the right. The empty, swollen part (svj of this 
embryo collapsed at  fixation. Staining: iron haematoxylin and  eosin. 
About X 225. 

5 Section through a known AB-half-embryo, showing well developed 
ganglia (g) and muscle cells (m). Only the edge of the larval liver (1) 
is  seen in this particular section. Staining: iron haematoxylin and 
eosin. About X 225. 

Section through a knowii CD-half-embryo, showing an eye (ej, stato- 
cyst (sc), oesophagus (oe) and  mantle edge (me). A small part of the 
shell (sh) can be been here. Thc empty, swollen part (sv) collapsed 
at fixation. Staining: iron haematoxylin and  eosin. About x 225. 

6 
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PLATE 2 

EXPLANATION O F  F I G U R E S  

7-8 Sections through two 2/4 embryos from a single egg. Figure 7 
shows an eye ( e )  at the base of a tentacle (t), stomach (sm), larval 
liver (I), ganglia (9 )  and muscle cells (m). Figure 8 shows a radula 
(r), shell (sh), operculum (o ) ,  larval liver (l), ganglia (g) and 
muscle cells (m). Staining: iron haematoxylin and eosin. About 
X 225. 

Sections through two 2/4-embryos from a single egg. Both embryos 
show an  eye (e) a t  the base of a tentacle (t), shell (sh), ganglia (g) 
and muscle cells (m). The larval liver can be seen here only in the 
right embryo (fig. 10). Staining: iron haematoxylin and eosin. 
About X 225. 

9-10 
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