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There appear to be four different membranes round the eggs and embryos of the species of
Onychophora at various stages of their development, and not two as previously supposed. The first
membrane is left behind in the ovary, two further membranes occur in the stages of Peripatopsis here
described, and an outer ‘shell’ is present in oviparous species. In Peripatopsis an inner cuticular
membrane is absorbed at the end of segmentation, and an outer chitinous membrane persists until
birth, These membranes influence the shape and volume of the embryos, and their properties and
functions are described (pp. 489, 491, 527).

The uterine eggs and embryos of Peripatopsis undergo two sudden increases insize. In P. sedgwicki,
P. moseleyi, P. balfouri and P. capensis the unsegmented egg swells and then remains constant in
dimensions until the end of segmentation. In P. sedgwicki, P. moseleyi and P. balfouri the absorption
of the inner membrane is followed by another dilatation which expands the blastodermic vesicle
to form the large yolk sac. In P. capensis this dilatation does not take place and no large yolk sac is
formed, but the membrane dilates as in the former species. In P. balfouri the dilatation of the
embryo is followed by a sudden contraction which causes the early elimination of the yolk sac. The
embryo then resembles the corresponding stage of P. capensis, in both cases floating within very large
membranes until the embryos grow to fill them (pp. 489, 491, 501, 504, 512, 529, 537).

The unsegmented egg in Peripatopsis breaks up into a ‘first blastomere’ and a number of non-
nucleated ‘cytoplasmic spheres’, all of which float freely in a watery fluid (pp. 498, 529).

Segmentation of the ‘blastomere’ results in a disk of blastomeres lying in a single layer against
the egg membrane on oneside. These cells give rise to the whole of the embryo and not to the ectoderm
alone. The disk enlarges and becomes saddle-shaped (pp. 498, 530).

In P. moseley:i and P. sedgwicki the disk of blastomeres spreads all round the space within the mem-
brane unitil its edges meet to form a continuous blastoderm. No blastopore is formed. The disinte-
grating remains of the cytoplasmic spheres lie in the internal space (p. 499).

In P. capensis amd P. balfouri the edges of the disk of blastomeres curl away from the membrane,
and ‘large vacuolated cells’ separate from these edges and pass to the concavity. A clear blastopore is
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present in P. capensis and a transitory or virtual one in P. balfouri. In P. capensis the blastopore
narrows to a slit and finally closes. The large vacuolated cells within form an endodermal lining
to an archenteron, which may at first be partially filled by free vacuolated cells (p. 503).
In P. balfouri the hemisphere of small blastomeres completely closes round the vacuolated cells;
these form a solid mass, and then degenerate. Definitive endoderm arises later from a blastoporal area,
as in P. moseleyi and P. sedgwicki (p. 509). The small embryo of P. balfouri then dilates while that of
P. capensis does not. The gastrula of P. capensis thus corresponds with the hollow single-layered blasto-
dermic vesicle of the other species. The large vacuolated cells form definitive endoderm in P. capensis,
they are formed but degenerate in P. balfouri, and they do not occur in P. moseleyi and P. sedgwicki
(pp. 530, 535, 536).

Evidence in support of the view that Peripatopsis is secondarily yolkless is provided by the details
here presented concerning the form of the egg, segmentation, germ-layer formation, yolk sac, size
changes, etc. (p. 535).

A germinal disk is formed upon a small part of the blastodermic vesicle in P. moseleyi, P. sedgwicki
and P. balfouri just as it starts to dilate. The position of the disk varies specifically. It consists of
a posterior thickening on which is situated a blastoporal area, and an anterior thickening from
which is formed the mouth-anus. The further growth of the germinal disk and yolk sac is described
for the several species. The blastoporal area gives rise to all the endoderm and mesoderm by
immigration (pp. 505, 509, 510, 512, 513, 531, 536).

When immigration from the blastoporal area first starts in P. capensis and P. balfouri a ‘giant cell’
304 in diameter sinks in. This cell is clearly glandular in P. capensis, passing droplets of secretion
to its surroundings and possessing abundant mitochondria. In both species the cell disappears very
soon. The disappearance in P. balfouri coincides with the sudden shrinkage of the yolk sac, which is
suggestive of glandular activity of this cell. No such cell is formed in P. moseleyi or P. sedgwicki where
the yolk sac remains large. This cell is possibly a specialization associated with the elimination of the
yolk sac (pp. 512, 514).

The formation of the mouth-anus differs in the several species, but in all it is formed after the endo-
derm is established. In P. capensis the mouth-anus probably forms by a reopening of the closed
blastopore. In P. balfouri, P. moseleyi and P. sedgwicki the mouth-anus arises de novo by a fusion of the
ectoderm and endoderm to form the lips of this organ. Its size varies greatly in the different species.
It may open widely and then divide to form mouth and anus, or it may not open until after this
division. The mouth-anus does not give endoderm by invagination from the lips (pp. 513, 515,
518, 530, 531, 532, 545).

The formation of the mesoderm and of the mesodermal somites is described more fully than before,
and with particular reference to the head end of the body. Details are given of the formation,
growth and migrations of the somites, and of the origin of their coelomic cavities. The formation
of somites is very uniform, and the process is simpler than that occurring in not only most Arthropoda
but in the majority of Annelida as well. There is no trace of primary and secondary metamerism.
The antennal somite is differentiated in a post-oral position and then migrates to a pre-oral one. The
antennal somite is considered to be serially homologous with those following it. The origin of
a coelomic cavity from one or several initial spaces is correlated with the size of the embryos
(pp. 509, 519, 521, 546).

Germ cells do not arise in the endoderm, as previously supposed. They are differentiated at different
stages in the several species, and arise from undifferentiated mesoderm or directly from the
blastoporal area before any mesoderm has appeared. The subsequent history of the genital rudiment
is described. A small proportion of its cells become incorporated into the walls of a variable number
of mesodermal somites and the remainder degenerate (pp. 520, 525, 533).

Individual and bilateral variations are frequent, and many abnormal embryos have been found
(pp. 497, 526).

No evidence has been obtained of the existence of a pre-antennal segment. It is suggested that no
significance can be attached to the single case here recorded of asymmetrical mesoderm in front of
the antennal somite, or to the embryo described by Evans for Eoperipatus, as the Onychophora have
been shown to be subject to such extensive variations (pp. 525, 555).

The composition of the head in the Onychophora is considered. Support is given for the view
that the antennal segment is the first segment of the body, and that it is the only one to become
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pre-oral. Evidence is presented against the suggestion by Snodgrass that the antennal segment is part
of an unsegmented acron (pp. 555, 556).

The data here presented indicate the existence of an underlying uniformity in ontogenetic processes
displayed by the different species of Onychophora. Bouvier’s suggested triphyletic evolution within
the group is not supported. The range of variations found within the single genus Peripatopsis is
remarkable. The methods of endoderm formation appear to show some of the responses of these
species to an increasing amount of yolk in the egg which have persisted after a secondary reduction
of the yolk. P. capensis appears to be the most advanced in the complete elimination of a large
yolk sac, although it shows the more primitive method of endoderm formation; P. sedgwicki shows
the least reduction of the yolk sac but has eliminated its primitive endoderm formation; P. moseley:
resembles P. sedgwicki except that the yolk sac is smaller; and P. balfouri has further reduced the yolk
sac and shows an endoderm condition intermediate between the above extremes (pp. 536, 539).

The theory of head evolution in the Arthropoda presented by Snodgrassin criticized. The evidence
for the view that the unsegmented acron includes the anterior region and the antennular and antennal
segments in Crustacea, and the antennal segment in Myriapoda and Insecta, is considered to be
unsound. Itissuggested that this theory raises profound difficulties when applied to the Arthropoda.
On the evidence now available, the Onychophora appear to show the lowest grade of arthropodan
head evolution, three cephalic segments being present, only one of which has become pre-oral
(pp- 555, 556).

The foundations of the theory of head segmentation in Annelida and Arthropoda put forward by
Henry, Ferris and Hanke are criticized (p. 561).

The. theories concerning primary and secondary metamerism are reviewed and a somewhat
different interpretation of the facts is suggested. It is pointed out that primary and secondary
metamerism must tend to appear in association with the possession of early-swimming larvae in
which a premium is put on the early functioning of some parts of the body. The phenomenon is not
considered to be primitive, as has been claimed. - It is here suggested that the absence of a differentia-
tion into primary and secondary segments in the Onychophora and certain Annelida is a primitive
feature (p. 546).

The origin of many-segmented animals (p. 546) and the origin of metamerism are considered
(p. 552). The suggestion by Snodgrass that metamerism arose in the ectoderm is not supported.

Other items arising out of Snodgrass’s conception of arthropodan head structure are considered
(p. 560).

A short review is presented concerning the blastopore, the mouth-anus of the Onychophora
(‘blastopore’ of earlier workers other than Kennel), the mouth and anus, and the germinal disk in
Annelida and Arthropoda. The two functions of the blastopore of the primitive annelidan type of
development, (1) the putting in place of the endoderm (here by invagination), and (2) the formation
of the mouth and anus by division, are completely dissociated in many Arthropoda and in many
Onychophora, where a blastoporal area or blastopore are quite separate from the mouth and anus
(p. 541). :

The form of the germinal disk and yolk sac in the Onychophora and Malacostraca is shown to be
directly comparable, and a criticism is made of Sollaud’s interpretation of the latter (p. 545).

INTRODUCTION AND ACKNOWLEDGEMENTS

The investigation of which the results are here recorded was begun at the suggestion of
Dr W. T. Calman. No species had been examined by adequate methods, and no full series
of stages of any single type had previously been seen. The existing descriptions leave many
gaps, they present many doubtful interpretations, and they suggest a diversity of morpho-
genetic processes within the group which does not in fact exist. Further data are required
concerning the initiation and process of metamerism which will facilitate a further analysis
of the morphology and phylogeny of the arthropod head, and recent contributions on
metamerism based largely on segmented invertebrates need both confirmation and critical
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examination. With these ends in view the present work has been undertaken. This contri-
bution covers the earlier stages of development up to the establishment of the full number
of body segments. Further work is in progress on the later stages and on other species.

Dr Calman took many steps to make this study possible, and it is a great pleasure to
acknowledge his interest and encouragement throughout many years, and his kindness in
reading the manuscript. I have to thank many friends in South Africa who contributed in
helping to obtain adequate stocks of material, and in particular I am obliged to Dr R. F.
Lawrence, Miss M. Johns, and Mr W. Saxton, whose collecting and general assistance
were indefatigable. I am deeply obliged to Mr Saxton for the further supplies he sent me,
as these animals provided many essential stages in the embryological series. The facilities
provided by the Union and Castle Steam Shipping Company for the transport of the stock
under cool conditions to England in 1933, and their many courtesies in Carrymg further
supplies in 1934 are gratefully acknowledged.

This work has been carried out during a tenure of a Staff Fellowship, and latterly
a Research Fellowship of Girton College, Cambridge, and various posts at King’s College,
Strand, London. Laboratory facilities have been provided by the Zoological Laboratory,
Cambridge, the British Museum (Natural History), and by King’s College. My thanks are
recorded to all these institutions.

The earlier literature on onychophoran embryology is well known. and is considered
here under the several headings in the description or the discussion.

The nomenclature followed is that of Bouvier (1905, 1907) and Clark (1913).

For convenience of reference to the figures similar developmental stages of one species
are marked by a letter, P. moseleyi by A, B, etc., P. sedgwicki by A', B, etc., and P. balfouri
by a, b, etc. Thus whole views, sections and reconstructions of the same stages of the same
species bear the same letter. The planes of the sections figured are marked on either the
whole views or reconstructions wherever the appropriate stages are shown.

The terms ‘somite’ and ‘segment’ are frequently used in a synonymous sense in the
arthropodan literature. Here, as in the embryological accounts of the Crustacea (Manton
1928, 1934), the term ‘somite’ is used in a restricted sense meaning the mesodermal somite
alone. The term ‘body-segment’ here refers to the whole unit, a series of which forms most
of the body of the animal.

MATERIAL AND METHODS

Most of the material for this study was collected in South Africa in April-July 1933, the
expenses of the journey being defrayed in part by the Government Grants Committee of
the Royal Society. Further supplies of animals were collected by Mr W. Saxton and sent
by air and sea on several occasions. The animals were kept in glass tanks, containing
decaying wood, at a suitable humidity. They fed on the micro-fauna and on small arthropods
and pieces of sheep’s liver. The stock of animals was maintained for embryological and
other purposes in the Zoological Laboratory, Cambridge, for nearly four years. (For
details of culture, life history, etc., see Manton (1938¢).)

The material consisted of abundant specimens of Peripatopsis balfouri, P. sedgwicki and
P. moseleyi, a few P. capensis, and some specimens of another species of Peripatopsis with
sixteen legs from the neighbourhood of Grahamstown. This species (Manton 19384, p. 478)
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has not been described. Its embryos are of the P. moseleyi type (see pp. 491, 504, 506, 516, 517,
521, 522, text-figure 5 a—d and plate 33), and are quite unlike those of Opusthopatus cinctipes (also
with sixteen legs) occurring in the nearby Uitenhage region, in which the embryos are at
successive stages of development and are born at intervals over a long period (Purcell 1900)
instead of being born at one period of the year as in Peripatopsis. In the following pages the
dates are given when various embryological stages were fixed, and, unless otherwise stated,
the material came from the main stock obtained in 1933. The reproductive cycle in
captivity in the northern hemisphere may not correspond exactly with that prevailing in
South Africa, but as the animals were kept at room temperature they did not experience
fully the reversed summer and winter seasons of the northern hemisphere, and the breeding
cycle of the female, occupying all months of the year, may not have been much altered.
Animals were killed with chloroform, and as each was opened the body fluid was collected
in a capillary tube. The oviducts were removed and the embryos dissected out in a watch-
glass containing parental body fluid under a binocular microscope. It is necessary at all
stages to remove the outer chitinous membrane, which in early stages of some species is very
thick and intractable, and this must be done without squashing or distorting the embryo,
which in early stages has little coherence beyond the inner membrane. The transparency
of the membranes enables damaged embryos to be detected and rejected at once. The
partial or complete removal of this membrane in middle and late stages of development is
easy, but during segmentation this is at times extremely difficult; it was done with a variety
of needles in the body fluid either before fixation or immediately after immersion in the
fixative. The inner membrane, present up to the end of segmentation, was perforated, but
not removed, after fixation and before embedding, the perforations being made in different
places in embryos of the same age. This can be done without distortion when the contents
of the membrane are fixed, but cannot be done before fixation as the embryo is too fluid.
Failure to perforate this membrane leads to great impregnation difficulties. A number of
fixatives were employed, the most useful being formol bichromate and Duboscq-Brazil, in
spite of the non-yolky nature of the material. The subsequent procedure differs little from
that described for Nebalia (Manton 1934), alcohol being used for dehydration. Scale
drawings were prepared with a binocular microscope of many embryos either living or just
after fixation, so that structures here seen could be accurately correlated with the sections.
Graphic reconstructions were made from the sections of a large series of embryos by the
method employed for Hemimysis, etc., and described by Pantin (1946, p. 51). A clear and
precise record of a large mass of material is thereby obtained for comparative purposes.

MIGRATIONS OF THE EGGS AND EMBRYOS AND THEIR CHANGES OF SIZE

The youngest oogonia lie freely in the lumen of the paired tubular ovaries surrounded by
sperms which they ingest for nutriment. They become attached to the wall of the ovary
and sink into it, finally projecting externally at the tip of stalked follicles where they grow
for a considerable time. At ovulation all or nearly all ova leave the follicles and pass back
to the ovarian lumen and then on to the oviducts (for further details see Manton 1938a).
Sheldon (18894) inferred that this passage from follicles to oviducts must be rapid in
Peripatopsis capensis, as she did not find any intermediate stages although several examina-
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tions were made in April. This conclusion is supported by the present work on other species.
Fertilization probably occurs in the ovarian lumen in Peripatopsis (Sedgwick 1885 ; Sheldon
18895). No sperms have been seen to remain in the oviducts in this genus which lacks
a receptaculum seminis, unlike Peripatus novae-zealandiae, where a receptaculum seminis is
present and sperm do not lie in the ovary. The egg on regaining the ovarian lumen in
Peripatopsis emerges from its membrane formed in the follicle (Manton 1938 and pp. 491,
527). The empty membrane is left in the ovarian lumen and later disappears. The naked egg
is probably then fertilized, although the actual entry of the sperm has not been seen, and
rapidly passes into the oviduct where it immediately becomes surrounded by two membranes
before polar body formation and the fusion of the pronuclei is completed. The naked state
of the egg must be of short duration, and may be necessary for fertilization, as the simple
sperms have no mechanism for penetrating chitinous or cuticular membranes as have those
of the Crustacea, and there appears to be no micropyle.

The ova in the ovarian lumen before fertilization are spherical or slightly elongated,
65 to 804 in diameter in P. sedgwicki, the only species in which they have been seen, and with
cytoplasm of even appearance lacking conspicuous inclusions. The eggs when ready for
fertilization in other species are presumably larger where the follicular ova are larger.
Bouvier (1904) records follicular ova of P. balfouri up to 3704 in size, and dimensions up to
3804 were found in material used for the present work. Ovaries of P. moseleyi were un-
fortunately not examined just before ovulation, but sizes up to 150x were found at other
times, while Bouvier noted some of 1724; Sheldon (18895) records a diameter of 260
for P. capensis.

A rapid swelling, noted by Sheldon (18896) for P. capensis, then follows. This apparently
takes place by fluid absorption. The fertilized egg in the oviduct now takes on an elongated
shape. Those of P. moseleyi amd P. sedgwicki are cylindrical with hemispherical ends (see
figures 16 to 18, plate 32) as they are in P. capensis (Sedgwick 1885, figures 8 and 10, plate 31),
but in P. balfour: the shape may be either cylindrical or more elliptical (figures 60 to 68,
plate 37). This increase in size of up to three times the original length is greatest in P.
sedgwicki, the species with the smallest eggs. The dimensions of the youngest eggs from the
oviduct in P. sedgwicki were 260 x 804, in P. balfouri 480 x 2204, in P. moseleyi 520 x 160 4,
and Sedgwick (1885) figures 600 x 145 x for P. capensis. The sizes in all species show consider-
able variation, which may be correlated in part with the size of the parents which do not
reach maximum dimensions until the fourth year (Manton 1938¢). P. balfouriis considerably
smaller than the other species but it does not have the smallest eggs. When the egg rapidly
swells by fluid absorption, it breaks up into separate spheres of protoplasm floating within
the egg membrane (see p. 496 and figures 61 and 62, plate 37).

As is well known, the paired oviducts (or uteri) of Peripatopsis are simple tubes consisting
of a short narrow upper section where the eggs are first received, and a wider and longer
distal region opening to the exterior in which the embryos lie for about a year, each in
a separate dilatation of the tube (figure 1, and Bouvier 1907, p. 99, text-figure 155). The
structure of the upper oviduct is uniform throughout, there being no specialized glandular
region. An inner epithelium of columnar cells is covered by a layer of connective tissue
traversed by muscles. The thickness of both layers is dependent upon the degree of dilata-
tion of the tube caused by the presence or absence of an embryo. The number of eggs
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forming a brood varies specifically; it usually does not exceed about twenty-two in P.
capensis and P. balfouri, sixteen in P. sedgwicki and twelve in P. moseleyi. The number also
varies individually, and frequently almost exactly corresponds with the number of embryos
forming the previous brood, for example, three, four, five and six pairs of eggs in the upper
oviduct have been found repeatedly in specimens of P. moseleyi showing the same number of
embryos respectively in the lower oviduct almost ready for birth.

Frcure 1. Diagram showing embryos in the oviduct. The internal margin of the duct is not shown,
and the arrows indicate the directions of the upper (up., internal) and lower (lo., external) ends of
the portions shown. a. P. balfour:, upper oviduct with early segmentation stages passing down
towards their final positions in the lower oviduct. The areas appearing more opaque in life are
stippled and represent the superficial blastomeres (see figures 63 to 66, plate 37). x 32.
b. P. balfouri, lower oviduct with older embryos in their final positions. The uppermost embryo
(1) nearly fills its membrane, and exhibits a transparent blastoderm with two opaque zones, the
anterior and posterior thickenings of the germinal disk, which will form the mouth-anus and the
blastoporal area respectively (see figure 72, plate 37). The succeeding embryos, each slightly more
advanced than the one internal to it, show the contraction of the whole blastoderm to form a small
opaque embryo (6) lying freely within the large space enclosed by the membrane (see figure 78,
plate 38). x32. ¢. P. sedgwicki, upper oviduct containing segmenting eggs which are passing
down to the lower oviduct (lo.d.), which still contains embryos of the previous broods almost
ready for birth. x11.

The fertilized eggs in the upper oviduct segment as they are moved, presumably by
peristalsis, towards their final positions in the lower oviduct (uterus). In the upper oviduct
the segmenting eggs may lie close together in a row in P. balfour: (figure 1a) and P. moseleyt,
or the smaller eggs of P. sedgwicki may be crowded together into a double row (figure 1¢). One

pecimen of P. moseley: contained young embryos at 2- to 52-cell stages forming a single row
fromthe ovarian origin toless than half-way along the upper oviduct, unborn embryos occupy-
ing the lower oviduct. By the time the embryos have traversed the whole of the upper oviduct
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their development is much further advanced. On reaching the lower oviduct the embryos
pass one by one into the places vacated by the birth of the previous brood, or in a female
breeding for the first time, into sections of oviduct spaced well apart from each other. When
they reach this position formation of somites has usually started; P. moseleyi, for example,
may show the maximum dilatation of the yolk sac and the rudiments of six pairs of meso-
dermal somites. As noted by Purcell (19oo) for P. balfouri, P. capensis and P. leonina ‘the
embryos of the same brood in one uterus form a series in successive stages of development,
each one being slightly, although scarcely perceptibly, more advanced than the embryo on
the side farthest from the external sexual opening In later stages this difference is no longer
easy to observe’. In figure 15 the lower oviduct of P. balfour: is shown with a series of six
embryos at clearly progressive stages of development comparable with those shown in
figures 72 to 78, plates 37 and 38. Some ranges of development within single broods are noted
on p. 495.

The developmental stages of most species of Peripatopsis after fertilization undergo two
sudden increases in size. The enormous swelling leading to the non-coherent oviducal egg
of fixed shape has been noted above. The volume within the egg membrane then remains
approximately constant until the close of segmentation (see pp. 492, 499 and 500, and
figures 8,19 and 27, plates 31 to 33). After this another sudden increase in volume takes place
by fluid absorption (p. 503). Thisis most conspicuous in P. sedgwicki and P. moseleyi and in the
species shown in figure 54 to d. The yolk sac, which contains no yolk, swells greatly (figures
9 to 13, 28 to 36, 71, 72 and 76, plates 31, 33 and 37), and its walls are distended by fluid
pressure, the component cells becoming greatly drawn out tangentially and their nuclei
flattened (figures 48, 49, 106 to 109, £.5/., plates 35 and 40). In P. balfouri a similar swelling
takes place, but a sudden shrinkage of the yolk sac follows immediately (p. 512), leaving the
dilated egg membrane far removed from the relatively small embryo consisting entirely of
definitive embryonic tissue (figures 71 to 78, plates 37 and 38). In P. capensis no dilatation of
the embryo occurs, and the segmentation stages contract to form a small embryo devoid of a
yolk sac resembling P. balfour: after the absorption of this organ. The egg membrane, however,
dilatesin P. capensis (figure 2 (m.s. andm.d.)), asin the other species, and so the embryosin early
stages float in a large fluid-filled space, as in P. balfouri. In all species subsequent growth is
gradual, and the yolk sac in P. moseleyi and P. sedgwicki is progressively absorbed. Shortly
before birth the outer membrane is ruptured, ecdysis starts, and the first peritrophic
membrane containing uric acid crystals (Manton 1937) is passed out by the anus. The
young Peripatus is then active and passes to the exterior, having completed its first ecdysis.
A photograph by Holliday (1944) shows the actual birth of the young.

‘MEMBRANES OF THE EGG AND EMBRYO

The origin and fate of the membrane formed round the developing eggs on the ovarian
follicles have been described (Manton 1938a). This membrane, the ‘egg shell’ of Sheldon
(1889b) or ‘vitelline membrane’ of Dendy (1902), etc., reaches considerable thickness and
stains blue with Mallory, but it does not persist into embryonic life, being left behind in the
ovarian lumen prior to fertilization.

The fertilized egg in the upper oviduct is surrounded by two membranes, as noted by
Sedgwick (1885) for Peripatopsis capensis and P. balfouri (see above). The inner membrane is
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probably produced by the egg itself, as it forms a boundary of even thickness and regular
form round the egg, which after its dilatation (see above and p. 496) is so aqueous as to have
no independent coherence apart from this membrane. The formation of the inner membrane
has not been seen. It is possibly a fertilization membrane, and it must arise in the ovarian
lumen or in the extreme upper end of the oviduct. It persists for a short time only, roughly
until the end of segmentation, and disappears before the embryo takes up its final position
in the lower oviduct. The staining properties of the two membranes are usually distinct
(see p. 494).

‘The outer membrane persists until birth, and is probably secreted by the wall of the upper
oviduct. The process has not been fully observed and must be rapid. Normally, the lining
epithelium of the upper oviduet is perfectly regular throughout, but sections through the
ovarian ends of a pair of oviducts which had just received fertilized eggs show the free ends
of the epithelial cells to be ragged and vacuolated, with every suggestion of a completed
secretory activity, and opposite this epithelium lie fully shelled eggs. The outer membrane
is often but not always thicker at the poles of the egg than elsewhere in very young stages,
appearing to have flowed into the available space in each dilatation of the oviduct. The
substance of the membrane may be slightly increased as the embryo grows, although
dilatation of the embryo is accompanied by a marked reduction in its thickness. There is no
evidence of any extensive secretory activity by the oviduct after the membrane has been
laid down.

In P. moseleyi the two membranes are clearly separable, and the outer is very much
thicker than the inner. During segmentation stages (stages 4 to D, plates 32 and 35) the
outer membrane is about 20 to 50 in thickness, being thinner at the sides than at the poles,
and a lateral space or a terminal one also may be seen between the membranes in the living
state. The outer membrane can easily be removed with needles leaving the inner one intact.

In P. sedgwicki the outer membrane is extremely thick (25 to 165x*) in the few very early
stages sectioned (Manton 19384, text-figure 7, p. 430), but during later segmentation stages
it is relatively thinner than it is in P. moseleyi, and the two membranes are then equal in
thickness and closely coherent (figure 20, plate 32).

In P. balfouri the two membranes are often difficult to distinguish from one another, as
the outer one is thinner than the inner at all stages, and is closely adherent to it. No space
has been seen between them in life. In many preparations they are clearly separable
(figures 100 to 102, plate 39) both morphologically and by staining, but in some the thin
outer component is so closely applied and possibly shrunk on to the heavily staining inner
membrane that an apparently single structure is seen in sections.

In P. capensis material has only been available after dilatation of the embryonic mem-.
branes has occurred. At the end of segmentation both membranes are thin, the outer is
about 3 to 4z thick and the inner one is very much thinner. They are often but not always
adherent to one another. The outer membrane, unlike those of the three former species,
shows in early stages a very thin inner border staining darkly with haematoxylin. This
layer may tend to separate from the main membrane, and it disappears after mesoderm
formation has begun.

* An erroneous thickness was given on p. 434, line 33 (Manton 19384), 140 to 2404 should read 25
to 165 4.
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The inner membrane disappears suddenly when the blastoderm is fully formed and
gastrulation is about to start in P. balfouri (stagesJ to k), in P. moseleyi (stages D to E), and
in P. sedgwicki (stages B’ to C’, plates 381, 32, 33 and 87), leaving the embryo covered only by
the outer membrane. This membrane and the enclosed embryo then dilate (see above). In
P. sedgwicki the embryo always fills its membrane, which steadily increases as the yolk sac
swells (figures 9 to 12, plate 31); the membrane then stretches less rapidly during the
absorption of the yolk sac and further growth of the embryo.* In P. moseleyi the embryo
similarly fills its membrane, but the stretching is less even. A great dilatation of the yolk
sac occurs as soon as the inner membrane is absorbed (figures 27 to 32, plate 33%), and the
embryo then remains at approximately the same size for a time while the definitive tissues
increase and the yolk sac decreases. In P. balfouri the dilatation of the outer membrane and
blastodermic vesicle is immediately followed by contraction of the yolk sac so that a small
embryo comes to float in a large fluid-filled space bounded by the outer membrane (figures
77 and 78, plates 37 and 38). The membrane remains at approximately this size for a long
period, during which the developing embryo gradually fills the internal space (stages
0-z, plate 38).

The inner membrane in P. capensis persists a little later than in the above three species,
disappearing when the mouth-anus is open and immigration from the blastoporal area has
started, but unlike these species dilatation here occurs before the inner membrane is
absorbed. Sedgwick (1885) records membrane lengths of 0-56 to 0-6 mm. during segmenta-
tion, but the youngest stage here examined, a late segmentation stage of about eighty cells
(figure 120, plate 41), has an egg membrane just over 1 mm. in length. Other embryos a
little older show membranes up to 1-5 mm. long. In all the shape remains the same, the sides
being parallel (figure 2 (m.d.)), and some rigidity of form exists even after the inner membrane
has disappeared. The absence of a large blastodermic vesicle in P. capensis (p. 491) results in
the early embryos at all times floating in a large space within the outer membrane, as
occurs in P. balfouri after yolk-sac absorption, and the membrane then remains constant in
size until the embryo has grown to fill it.

In late embryonic stages of all species the outer membrane fits tightly round the ever-
enlarging young, reaching sizes of approximately 3 to 4 mm. in the longer diameter in
P. balfouri, 6 to 7 mm. in P. moseleyi, and intermediate sizes in P. sedgwicki and P. capensis.
Just before birth the membrane is ruptured and passes out of the oviduct along with the
young.

The stretching of the outer membrane in later embryonic stages may be due to pressure
exerted by the embryo, but the early dilatation cannot be caused in this way, as it takes
place in P. capensis independently from the embryonic tissue. Neither can it be a simple
physical consequence of the removal of the inner and probably impermeable membrane as
might be supposed in P. moseleyt, P. sedgwicki and P. balfouri, because in P. capensis the inner
membrane shares in the dilatation before disappearing, and must thus be permeable.
Further study of the membranes of P. capensis is desirable.

* The embryos figured for each species are from different parents of varying ages. Similar developmental
stages show considerable variations in size. When an older stage is figured which is slightly smaller than
a younger, as in figures 35 and 37, plate 33, this does not mean that a shrinkage normally occurs at this stage
of development.
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Properties

The properties of the two membranes differ markedly. The inner membrane stains red with
Mallory and blue-black with iron haematoxylin. It has considerable rigidity and, except
in P. capensus, stretches little if at all after it is fully formed. It maintains the definite specific
shape (see p. 489) of the fertilized eggs and segmenting ova, with parallel sides and hemi-
spherical poles. The interior of the embryos is too fluid in early stages to maintain any
fixed shape, and the whole embryo when manipulated with needles in the living state, after
the outer membrane has been removed, is very firm, almost like a bead. The membrane is
not readily permeable to reagents, and has to be pricked to obtain satisfactory embedding.
The staining reactions, rigidity and limited permeability of this membrane resemble the
properties of the cuticular layer of arthropod integument, and the outer membrane of
crustacean eggs.

The outer membrane stains blue with Mallory and usually remains unstained by iron
haematoxylin, but some sections of P. moseleyi, P. capensis and of P. sedgwicki show the outer
membrane darkly stained by iron haematoxylin during segmentation stages, and particularly
after Duboscq-Brazil fixation. It has little rigidity and stretches readily, and appears to
take on the form of the oviduct lumen around the embryo, having no fixed form of its own.
When present alone it is flaccid and easily distorted, and the membrane with its contents
is soft and flabby in the living state when handled by needles. The change in the ‘feel’ of
the embryos after absorption of the inner membrane was particularly noticeable in
P. balfouri, where great care became necessary to avoid squashing the living embryos. The
cause of this change was not known at the time of preparation of the embryos for fixation.
The outer membrane is freely permeable, and the embryo is nourished by materials passing
through it. In its properties this membrane resembles the inner membrane surrounding
many crustacean eggs.

Functions

The function of the inner cuticular embryonic membrane in Peripatopsis appears to be
protective, as is the outer cuticular egg membrane in Crustacea (Mawson & Yonge 1938;
Yonge 1938). But in Peripatopsis it also provides support for the early developmental stages,
which are too aqueous to have any distinct form alone, and it is these young stages which
must withstand transport down the upper oviducts on their way to their final positions in
the lower oviducts. The completion of segmentation establishes a coherent embryo, and
thus the need for support disappears. By this time the small amount of food material derived
from the egg has been utilized, and the need to take in more raw materials must arise.
These requirements are met at this stage by the solution of the cuticular membrane, so
leaving only the permeable extensible outer chitinous membrane for the greater part of
embryonic development. A survey of the embryonic membranes of the Onychophora is
given on p. 527.

SEGMENTATION

The most extensive series of segmentation stages has been obtained of P. balfouri, a
smaller number of P. moseleyi have been examined and but few of P. capensis and of
P. sedgwick:. The technical difficulties dependent upon the outer egg membrane, and the
small number of early stages found in the material, resulted in regrettably few early stages
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being successfully sectioned. Satisfactory preparations have been obtained of only four
normal unsegmented ova, all of P. balfouri. The material obtained for P. moseleyi consisted
of two families of 2- to 55-celled stages obtained on 5 and 26 March 1935 from animals
captive for 3 months. All embryos were of small size, the second dilatation (pp. 491, 499 and
500) having not yet taken place, and the lower oviducts contained embryos nearly ready for
birth. A third family obtained on 23 April 1934 showed a few undilated late segmentation
stages, the other embryos being dilated and triploblastic, and some of the previous brood
had already been born. Satisfactory sections were obtained of the 2-, 29-, 32-, 52- and
53-celled stages from one family, of the 18-, 20-, 21-, 40- and 55-celled stages from the
second, and of the 130- to 140-celled stages from the third. For P. sedgwicki one very young
family was obtained on 3 March 19386, but no satisfactory sections were obtained from it,
and one family ranging from undilated late segmentation stages to dilated early gastrulation
stages was obtained on 8 May 1934. Satisfactory sections were made of the 55-, 160-, 180-,
184- and 230-celled stages. Abundant material of P. balfouri from the 6-celled stage
onwards has been obtained and sectioned. Early segmentation stages were found through-
out May 1933 in animals freshly collected, and on the following 8 March and 6 April in
captive animals. Late segmentation stages of P. capensis were obtained from 7 May to the
middle of June 1933.

Segmentation in P. sedgwicki as far as it is known does not appear to differ markedly from
that of P. moseleyi, but the process in P. balfouri and P. capensis shows conspicuous differences.
The two types of cleavage appear to be differences of degree rather than of kind (see pp. 536,
539). The figures show embryos approximately as they appear in life, but details of nuclei
have been added from sections. Dark zones represent vacant fluid-filled spaces and lighter
areas the more opaque blastomeres and protoplasmic spheres. For further details of
conventions see the legends.

THE UNSEGMENTED EGG

The ovarian egg shows a continuous cytoplasm of even granular appearance (Manton
1938a), but containing minute particles scattered throughout which have been identified
as yolk by King (1926). Yolk formation has been followed by King, who noted that it
appears before the mitochondria become distributed. After fertilization and dilatation
of the egg (see p. 489) the cytoplasm no longer presents a uniform appearance, and the yolky
material, possibly swollen by absorption of water (y, figures 60, 97 and 98, plates 37 and 39)
separates from the protoplasmic portion (p).

The earliest stage taken from the oviduct is represented by two unsegmented ova of
P. balfouri showing polar body formation. These ova occurred in a family ranging evenly
from unsegmented ova up to 32- and 34-celled stages obtained on 23 May 1933. The eggs
had presumably all been fertilized, as they were provided with typical membranes and did
not appear abnormal in any way. The outer membrane could not be differentiated from
the inner after formol bichromate fixation, but was clearly seen after treatment with
Flemming without acetic acid. The gross features were seen in the living state, but the
membrane buckled on embedding, so compressing its contents. In one of these eggs the
two polar bodies have separated (figure 60, 97 and 98, plates 37 and 39). The egg cytoplasm



496 S. M. MANTON ON STUDIES ON THE ONYCHOPHORA. VII

forms a thin irregular superficial layer all round the egg, thickening greatly on one side
midway between the poles, the nucleus being located in this thickening. Fine strands of
protoplasm pass inwards from the superficial layer, just as occurs in the yolky egged
Crustacea (Manton 1928, text-figure 14), and disappear into a finely granular mass y which
is mostly unstained by iron haematoxylin (figure 97, plate 39). This mass contains a number
of heavily stained particles (figure 98, plate 39), and is presumably composed of food material
which has separated from the cytoplasm, but unlike typical ‘yolk’ it is very soon dispersed
and absorbed. The nucleus in this egg lacks a membrane and shows elongated chromo-
somes (figure 97, plate 39). One polar body (.b.1, figure 98, plate 39) contains degenerating
chromatin masses, and a second polar body (p.5.2) shows short paired chromosomes. This
description of the early egg accords with the outline given by Sedgwick (188s).

All later stages differ from the above in that the egg contents become discontinuous.
The transition from the coherent ovarian egg to that of the dilated egg in the oviduct (see
below) has not been seen and needs further study. Within the embryonic membrane the
continuous cytoplasmic zones break up, and separate spheres of cytoplasm of many sizes
are formed which float freely in a watery fluid (figures 61 and 62, plate 37). Some of these
spheres are composed of fairly uniform cytoplasm lacking inclusions, others are much
vacuolated. In P. balfouri many large inclusions lie in the vacuolated spheres. One of the
larger spheres of evenly granular cytoplasm contains the nucleus and constitutes the ‘first
blastomere’, which segments and gives rise to the whole of the future embryo. Such a stage
is shown in side view in figure 62, plate 37, and in section in figure 99, plate 39. No nuclear
material is present in any other sphere of cytoplasm. The non-nucleated ‘cytoplasmic
spheres’ do not give endoderm as supposed by Sedgwick (1886) and Purcell (1906) (seep. 530).
All are absorbed or disappear by the end of segmentation. The form and fate of the
cytoplasmic spheres and of the nucleated blastomere will be considered separately.

The ‘cytoplasmic spheres’

The mass of the ‘cytoplasmic spheres’ of P. moseleyi is relatively less bulky than it is in the
smaller egg of P. balfouri, and fewer but relatively larger spheres are formed. In a 2-cell
stage (figure 16, plate 32) they lie towards the poles leaving the middle region vacant, but
they may be situated in any position (see figure 18, plate 32). The larger spheres have
a fairly regular margin and a very much vacuolated interior (figure 52, plate 85), and the
smaller spheres are ragged in outline and vacuolated. No conspicuous cytoplasmic
inclusions are present.

In P. balfouri the cytoplasmic spheres are more abundant. Purcell (19o6) showed that
some fixatives, including those used by Sedgwick, destroy the normal form of these spheres
(which he as well as Sedgwick took to be endoderm). There is reason to believe that formol
bichromate and other fixatives employed in the present work have given satisfactory
results, as the reconstructions from sections correspond with the living appearance, although
only gross features can be seen during life. In early stages the interior of the membrane is
more or less filled with a loose mass of small cytoplasmic spheres and ragged bits of cyto-
plasm of many sizes which float freely in the fluid contents. They have no coherence one
with another when liberated from the membrane. In some specimens viewed alive the
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larger spheres are clearlyseen, although many overlap forming a vague-looking mass (figures
61 and 62, plate 37), but in others the bulk of the spheres forms a more compact mass
(figures 63 and 64, plate 37), which Sedgwick (1886) took to be non-nucleated endoderm
(compare his figures 3 to 6, plate 31, 1885 with the above, and see p. 530). Sections show
some of the larger spheres to resemble the even cytoplasm of a ‘blastomere’, while others
are vacuolated to various degrees and contain many roughly spherical inclusions (figures
99 and 100, plate 39), much larger than those mentioned above in the coherent egg. These
inclusions may stain black with iron haematoxylin, or they may appear brown or yellowish.
With Mallory they appear orange, yellow or blue, or the central parts may stain yellow
and the peripheral parts blue. It is probable that the inclusions consists of food material,
since they are later absorbed. They are presumably derived from the mass y (figures 97
and 98, plate 39) of the early egg. As segmentation proceeds the cytoplasmic spheres
disintegrate and disappear as in P. moseleyi. The inclusions become ingested and absorbed
by the developing blastomeres (pp. 498, 500).

The ¢ blastomere’

Only two unsegmented ova have been found with discontinuous egg contents; they lack
polar bodies and occur in a family of P. balfouri, slightly older than the unsegmented stages
mentioned above, containing embryos up to the middle and end stages of segmentation
besides normal young ready for birth. They were obtained on 6 April 1934. In one there
is a single main sphere of cytoplasm containing a large vacuolated nucleus which floats in
a position midway between the poles of the egg. It is shown in side view in figure 62, plate 37,
and in section in figure 99, plate 39. The greater part of the interior of the membrane is filled
by small cytoplasmic spheres such as are described above. The nucleated mass of cytoplasm
lacks conspicuous inclusions and is for the most part denser and more uniform than the
non-nucleated spheres. It is believed that this egg represents a normal stage of develop-
ment, and that the cytoplasm containing the nucleus has rounded off from the rest of the
egg contents seen in figure 60, plate 37 and figure 97, plate 39, the latter breaking up into
cytoplasmic spheres containing food material.

Abnormal early stages

The other early stage in the family mentioned above is shown in figure 61, plate 37. The
membrane encloses cytoplasmic spheres, but most of the chromatin lies in three spheres,
a main sphere and one other being shown. The chromatin does not look normal, and it is
believed that this is an abnormal egg which would have developed no further. Un-
doubtedly abnormal stages have been found in several families of P. moseleyi and P. balfouri
in which nothing resembling a nucleus occurs. In these the membrane encloses a mass of
protoplasmic spheres, some of which contain particles with the staining properties of
chromatin. As many as five such specimens have been found in one family of P. balfouri
otherwise consisting of normal embryos with all somites formed. The great gap in develop-
ment between the advanced members of the brood and the stages in question also indicates
the latter to be abnormalities. They are described here, as, unless a large series of stages is
examined, specimens such as these showing ‘good fixation’ are most misleading.
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FIRST TO SIXTH CLEAVAGES (2- TO 64-CELL STAGES) AND FORMATION OF
THE ‘SADDLE’ OF BLASTOMERES

The further development of the nucleated sphere of cytoplasm within the egg (p. 497)
will now be considered. Approximately equal division by cleavages at right angles to the
surface gives rise to a disk or ‘saddle’ of blastomeres floating superficially at one side of the
embryo immediately internal to the membrane. Some growth of the blastomeres takes
place between the cleavages. From this disk the whole embryo is formed. An entire ‘saddle’
is seen in frontal view in figure 17, plate 32 and figures 63 to 68, plate 37, and a side view
showing half a saddle in seen in figure 18, plate 32.

Atthe 2-cell stage (figures 16 and 51, plates 32 and 35, of P. moseleyt) the blastomeres are less
thick than wide, and they press against each other and become thinner at their free margins.
They lie midway between the poles of the embryo. Up to the 16-cell stage there may be
great regularity in the arrangement of the blastomeres, which lie in transverse and longi-
tudinal rows, as shown in figures 64 and 65, plate 37). Small gaps may occur where four
cells approximate, unless shifting gives the stable position of three interfaces lying in
contact (figures 17, 18 and 63 to 67, plates 32 and 37). Considerable variations occur in the
orientation of the blastomeres about the egg axis (compare the 6- and 8-cell stages of
P. balfour: in figures 63 and 64, plate 37). Beyond the 16-cell stage cleavages become less
synchronous and the blastomeres become less regularly arranged, although few cells
actually lose contact with their fellows (figures 17, 18, 66 and 67, plates 32 and 37). By the
64-cell stage the saddle of blastomeres extends round half to two-thirds of the circumference
of the embryo and leaves the polar regions bare (figure 18, plate 32 shows a 53-celled stage
of P. moseleyi in side view). The nucleus in early segmentation stages is either much lobed
(P. balfouri, figures 100 to 102, plate 39), or in the form of many separate chromosomal
vesicles (P. moseleyi, figure 51, plate 35), such as occur in early segmentation stages of many
Annelida and Crustacea (Richards 1917). The nuclei become almost spherical by the
32-cell stage in P. moseleyi but are still considerably lobed at the 104-cell stage in P. balfour:.

The formation of the saddle of blastomeres is not influenced by the cytoplasmic spheres.
The latter vary enormously in form and extent in different embryos; they float freely and
appear to be in various stages of disintegration.

In P. balfour: the darkly staining inclusions originally present in the cytoplasmic spheres
are ingested by the blastomeres of the saddle, where they become lodged in vacuoles. The
marginal blastomeres are most active in this respect, and may be seen to contain many
inclusions (figures 100 to 102, plate 39 of the 16- and 104-celled stages), but the inner parts
of all the blastomeres also take up these inclusions to a lesser extent. Presumably a little
cytoplasm may be taken up with them, or they may be ingested when the cytoplasmic
spheres have disintegrated. Within the blastomeres, and also within the cytoplasmic spheres,
the inclusions gradually lose their darkly staining properties, becoming paler and unstained
by iron haematoxylin, and they eventually disappear. The changes in staining properties
exhibited by these inclusions are reminiscent of the changes shown by the larger masses of
yolk during development in Crustacea (Manton 1928, 1934), and it is reasonable to suggest
that these inclusions are composed of reserve food material passed on from the egg to the
developing embryo. All further nourishment is derived from the oviduct. The marginal
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blastomeres ingesting most of the nutrient inclusions tend to become vacuolated and
swollen (sa.e., figures 100 to 102, plate 39), and beyond the 64-cell stage dilate considerably
(figure 103, plate 39, and see below).

No stages of this age have been seen for P. capensis, but Sedgwick’s work suggests that they
correspond with those of P. balfouri but have fewer cytoplasmic inclusions.

SEVENTH TO EIGHTH CLEAVAGES (64- TO 256-CELL STAGES) AND
FORMATION OF A CONTINUOUS BLASTODERM

The saddle of blastomeres described above gives rise to a continuous single-layered
blastoderm surrounding a central space in P. moseleyi and P. sedgwicki. In P. capensis the

saddle of blastomeres gives rise to a double-layered embryo with a blastopore, and P. balfour:
shows an intermediate condition.

Late segmentation in Peripatopsis moseleyi and P. sedgwicki

In these species the formation of a blastodermic vesicle appears to be similar. By further
mitoses the saddle of blastomeres (figure 18, plate 32) expands marginally until the edges
meet. An intermediate stage has been found showing a cylinder of blastomeres round the
middle of the embryo with open ends (figure 20, plate 32 shows such a stage for P. sedgwicki
with fifty-five cells, which is clearly more advanced than the 53-celled saddle of P. moseleyi,
figure 18, plate 32) ; later the poles close to give a continuous blastoderm. Itis probable that
variations exist in the exact manner of formation of the continuous blastoderm, but in the
stages found nothing resembling a blastopore is formed. A continuous undifferentiated
blastoderm covering the poles is present in 160-, 175-, 180- and 230-cell stages of P. sedgwickz,
and in a 215-cell stage of P. moseleyi shown in figure 19, plate 32. The cells are thinner than
at earlier stages and their nuclei are flattened tangentially. A transverse section of
P. moseleyt, slightly older than that shown in figure 19, plate 82, is seen in figure 53, plate 35.
The inner membrane has just been absorbed and the hollow blastoderm has started to
dilate (see p. 491). Except in size, due to the onset of dilatation, the embryo resembles the
stage shown in figure 19, plate 32, and within the undifferentiated blastoderm can be seen
the last traces of the disintegrating cytoplasmic spheres. As soon as a complete blastoderm
is formed the inner membrane disappears, and it is absent from the 160-cell stages onwards.

Late segmentation in Peripatopsis balfouri and the formation and fate of the
“large vacuolated cells’

Itis probable that the early segmentation of P. balfouri and P. capensis is similar (see p. 501),
but great differences occur at the end of this process. In both the formation of a continuous
blastoderm takes place rather differently from the procedure in P. moseley: and P. sedgwicks.
After the 64-cell stage in P. balfouri the marginal blastomeres of the saddle (sa.e.), which
contain most of the nutritive inclusions (i.f.) (see p. 498), dilate and become much vacuolated,
increasing their diameter up to about four times. They bulge towards the concave side of
the saddle, and almost or completely lose contact with its edges, and gradually pile into the
concavity. A 104-cell stage is shown in figure 68, plate 87, in frontal view, and transverse
sections across the middle and polar end are seen in figures 101 and 102, plate 39. The
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saddle (sa.) comprises eighty-nine epithelial blastomeres ; fifteen dilated marginal blastomeres
(l.v.c.) have separated and shifted towards the concavity where they lie mainly towards the
polar ends of the saddle. The remains of the non-nucleated cytoplasmic spheres (¢.s.) are
less abundant than at earlier stages (such as seen in figure 100, plate 39). The section through
the middle of the saddle (figure 101, plate 39) on either side shows the slightly enlarged
marginal blastomeres (sa.e.) rich in food inclusions, and the cytoplasmic spheres. The
section through the polar edge of the saddle (figure 102, plate 39) shows two of the fifteen
dilated cells (/.v.c.) which have separated and now lie among the non-nucleated cytoplasmic
spheres (¢.s.). (Reconstructions of such stages were necessary to determine the extent and
positions of all nucleated and non-nucleated spheres of cytoplasm.)

The remaining cytoplasmic spheres and the food inclusions wherever they are situated
become rapidly absorbed. The saddle of blastomeres extends, becoming thinner, and its
edges curl in so forming a hollow hemisphere. More cells from the edges become swollen,
vacuolated, and detached, and fill the concavity of the hemisphere. The incurled swollen
edges of the hemisphere at first surround a large opening, but this narrows or becomes
virtual as more vacuolated cells pass inwards (B of figure 103, plate 39). This opening or
zone where the vacuolated cells are passing in clearly corresponds with the more con-
spicuous blastopore of P. capensis (see p. 503), but no archenteron is formed (cf. P. capensis)
as the large vacuolated cells form a solid mass. (The definitive endoderm in P. balfouri
arises later, see p. 512.) The whole embryo now forms a roughly spherical mass floating in
the middle of the fluid-filled cavity of the membrane, having a very different external
appearance on the two sides. A 113-cell stage is shown in plate 37, the epithelial hemisphere
is seen in frontal view in figure 69, plate 37 and is composed of sixty-eight cells, fewer than
in the 104-celled stage just described (figure 68, plate 87) ; the other side of the same embryo
is shown in figure 70, plate 37, where the outermost of the forty-five huge vacuolated cells
filling the hemisphere are visible. A section across the middle of this embryo is shown in
figure 103, plate 39. The epithelium of the hemisphere (s.a.) is thinner than it was at the
saddle stage (figure 101, plate 39) and the nuclei are flattened tangentially. The edges of the
epithelium are continuous with some of the large vacuolated edge cells (sa.e.) bulging
towards the concavity, and the latter is now filled by large free cells (l.v.c.). Each of these
cells extends through many sections, and the nuclei of the nine free cells cut in the section
shown in figure 103 have been projected on to the drawing from their positions in
neighbouring sections. These vacuolated cells are clearly separable from the epithelial
hemisphere with which they are in contact. The non-nucleated cytoplasmic spheres have
all disappeared, having either completely disintegrated or been absorbed by the blastomeres,
and no food inclusions (f, figures 99 to 102, plate 39) remain anywhere.

The epithelial hemisphere extends by mitoses and tangential expansion. Its edges spread
over the large vacuolated cells lying on its concave side, and when they are covered
a complete blastoderm results (figure 104, plate 39) and the blastopore is obliterated. As’the
blastoderm spreads round the vacuolated cells its nuclei become further apart, and often
flattened owing to the lateral expansion of the blastomeres, but they are evenly distributed
all round. There is no internal cavity, the whole forming what Purcell (1906) described as
a solid gastrula. The vacuolated cells within become even more vacuolated, and tend to
form a syncytial network, and they do not give rise to endoderm as supposed by Sedgwick
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and Purcell. The disappearance of the inner membrane is now complete; this allows the
intake of fluid from the oviduct through the permeable outer membrane, and both the
embryo and itsouter membranestarttheirrapid dilatation (figure 71, plate 37,and see p. 491).
This stage is seen in longitudinal section in figure 104, plate 39. The internal vacuolated cells
are greatly expanded and starting to disintegrate. The limits of each cell can no longer be
determined, and their attenuated walls tend to break down where they are in contact with
the blastoderm.

Dilatation of the blastoderm and outer membrane continues, and the latter attains a size
which remains constant for a considerable period, until all the somites of the body have
been established (plate 38). The blastoderm stretches until it fills the membrane, and its
component cells become very attenuated. Within the dilated vesicle lies a disintegrating
network formed from the large vacuolated cells. Portions of this are seen in figures 105
to 109, plate 40. Cytoplasmic strands (n.) containing a few nuclei (d.n.v.), many of which
show clear signs of disintegration, are scattered through all or part of the vesicle. These
strands come in contact with the developing germinal disk in some embryos, but can with
care be clearly differentiated from the latter. In many embryos no strands lie near the
germinal disk. The remains of the vacuolated cells have nothing to do with either endoderm
or mesoderm formation, and they entirely disappear by the time the blastodermic vesicle
condenses (figure 78, plate 38, see pp. 509 and 512). Itis only in the earliest stages of gastrula-
tion that the remains of the vacuolated cells are sufficiently numerous to confuse the
appearance of the germinal disk in sections of some embryos.

The large vacuolated cells of transitory duration in P. balfour: represent the definitive
endoderm of P. capensis (see below and p. 536).

Late segmentation in Peripatopsis capensis and the formation of a gastrula

Sedgwick (1885) gives two figures of early segmentation stages of P. capensis which
correspond fairly closely with those of P. balfouri, when allowance is made for his fixation
and interpretations (see p. 529), so that it is probable that P. capensis segments initially as do
the other species. The earliest stage here examined, obtained on 7 May 1933, corresponds
with stage ¢ for P. balfouri (plates 37 and 39). A saddle or cap of about fifty epithelial
blastomeres forms one side of the embryo, and its incurled edges are in contact with some of
about twenty large vacuolated cells which have already piled into its concavity (figure 120,
plate 41). The vacuolated cells contain small lightly staining inclusions and scanty cytoplasm,
and otherwise resemble those of P. balfouri except for their lesser extent. The epithelial cells
have much-vacuolated inner parts, a feature which is characteristic of P. capensis, and which
persists for a considerable period (figures 120 to 123, plate 41). The non-nucleated cyto-
plasmic spheres have almost disappeared by this stage; a few remains are present near the
embryo and among the vacuolated cells, but most of the large space within the egg mem-
brane in devoid of formed elements.

A close series of stages has been obtained between the embryo described above and
a gastrula with a closed blastopore. The cap of epithelial blastomeres becomes hemi-
spherical, and the large vacuolated cells pass from its edges to the internal space. In some
embryos the vacuolated cells project outwards as well as inwards as in figure 24, but this
is a temporary phenomenon, and soon all pass inwards and the edges of the hemisphere of

63-2
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Ficure 2. Diagrams of P. capensis showing the formation and closure of the blastopore. @ and 4 in
lateral view, ¢ to g in blastoporal view, and % in ventral view. The ectoderm is mechanically stippled
and the endoderm is white. The egg membrane (1-5 mm. long) which surrounded the embryo
of ais shown (m.d.), but those from the other embryos are omitted. The dimensions of the undilated
membrane (0-6 mm. long) surrounding slightly younger stages is shown by the dotted line (m.s.);
the measurement of this stage is from Sedgwick (1885). . An embryo a little older than that
shown in figure 120, plate 41. A hemisphere of less than 100 small blastomeres (e. tinted)
surrounds a small number of large vacuolated endodermal cells (white); eighteen of these lie
within the hemisphere and nine are appended from its edges (en.). Diameter 2304. . Slightly
older embryo from the same family in which the endodermal cells lie almost entirely within
the ectodermal layer, and they can be seen filling the wide blastoporal opening (6p.).
¢. Blastoporal view of stage shown in a. d. Older stage than that shown in 4 in which the edges
of the blastopore (bp.e.) have closed further over the endodermal cells. A section of this embryo
is shown in figure 121, plate 41 along the plane indicated. Diameter at this stage 190 to 230 4.
e. Older than the last. The blastopore is narrower, and its edges have come towards each other
as shown. Diameter 260x. f. Older than the last. The blastopore is a narrow short slit with the
edges closely apposed. A section of this stage is shown in figure 122, plate 41 at the level indicated.
Diameter 220 4. g. A slightly older stage in which the sides of the blastopore have united almost
all along, the position of the blastopore is indicated histologically. Diameter 210x. /. An older
embryo with open mouth-anus (mo.-a.) and the first appearance of the immigration of mesoderm
from the blastoporal area or primitive streak (b.a.). A section of this embryo is shown in figure
123, plate 41 along the plane indicated here and in figure 113. Width 2504, length 280 4.
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small blastomeres extend progressively over them (figure 24). Internally the large
vacuolated cells at once arrange themselves in an irregular single layer lying against the
outer epithelium, and enclosing a central space which is more or less open to the exterior at
the side of entry of the vacuolated cells. This archenteron may be a conspicuous cavity (ar.)
or it may be partially obstructed by vacuolated cells (figure 121, plate 41).

The outer layer so formed gives the embryonic ectoderm, and the inner layer of vacuolated
cells forms the definitive endoderm and does not degenerate as in P. balfouri. The zone of
entry of the vacuolated cells is clearly a blastopore. At first it represents the full width of
the embryo; then it narrows as shown in figure 25 and d. A few vacuolated cells lie freely
in the archenteron of some embryos, the cavity of which may be considerably
restricted by their presence (f.en., figures 121 and 122, plate 41). In some embryos
the blastopore is more or less plugged by loose vacuolated cells (figure 121, plate 41),
but the lips of the blastopore can be recognized by their relation to the vacuolated cells;
in others the blastopore is widely open. The blastopore narrows until a circular opening
about 70 to 80x in diameter is formed. The lips then come towards each other, starting
from the two ends as shown in figure 2¢. The closure continues until a very narrow slit
about 304 in length is formed in the embryo shown in figure 2f and figure 122, plate 41,
ectoderm and endoderm are continuous at the lips of the blastopore, but are separate
elsewhere. In the next stage obtained an association between the ectoderm and endoderm
can be found on either side of a line about 70« long which must represent the original
blastopore, but almost everywhere a thin sheet of cytoplasm unites the ectoderm at the lips.
The pale staining inclusions within the vacuolated endodermal cells have mostly dis-
appeared by this stage, but many embryos show groups of very small darkly staining
inclusions (figures 121 and 122, plate 41) which also shortly disappear.

A typical gastrula is thus formed, and its blastopore closes when the endodermal lining
of the embryo has been established. The few vacuolated cells which lie freely in the
archenteron in some embryos either degenerate or become incorporated into the endo-
dermal layer. Very little, if any, endoderm is added during later stages (see pp. 512and 513),
the endodermal layer growing mitotically. During the changes described above an embryo is
formed which is smaller than the diameter of the original saddle of blastomeres, a contrast
to the other species where dilatation takes place. The embryo shown in figure 120, plate 41
is 308 x 2004. The stages with a wide-open blastopore are about 2304 in diameter, and
those with a small circular blastopore may shrink to 1904. Embryos with closed or almost
closed blastopores are 210 to 2204. The further development of P. capensis is given on p. 513.

FORMATION OF THE GERMINAL DISK AND FIRST APPEARANCE OF THE BLASTOPORAL
AREA IN PERIPATOPSIS SEDG WICKI, P. mM0SELEYI AND P. BALFOURI

Segmentation results in the formation of an elongated blastodermic vesicle filled with
fluid (figures 19 and 71, plates 832 and 37) which then rapidly dilates in three of the above-
described species and in the 16-legged species from Grahamstown, but not in P. capensis
see figures 8 to 11, plate 31 for P. sedgwicki, figures 27 to 82, plate 33 for P. moseleyi, and
figures 71 and 72, plate 37 for P. balfouri). Figure 8, plate 31 and figure 27, plate 33 show
undilated stages of the same dimensions as the embryo in figure 19, plate 32. The form of the
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thin blastoderm has been noted above (see ¢.5/. on figures 48, 49 and 105 to 109, plates 35
and 40). The nuclei are visible in life, but are not shown on the figures of whole embryos.

A germinal disk rapidly arises by a local division and aggregation of blastomeres, which
lie close together and are consequently thicker, their nuclei soon elongating radially
instead of tangentially. A small zone is thus formed, visible in life as an opaque spot, the
edges of which fade into the more transparent surrounding blastoderm. The opacity is at
first due to the thickening of the single-layered blastoderm, but later it represents thick
tissue comprising internal cells also. The blastodermic vesicle now consists of (1) the
germinal disk, and (2) the extra-embryonic portion which may now be termed a ‘yolk sac’,
although it contains no yolk (see p. 537). The figures showing whole embryos (plates 31, 32,
33, 37 and 38) represent their living appearance by reflected light, the thicker opaque
tissues appearing white and the thin transparent blastoderm appearing dark.

The germinal disk in P. sedgwicki and P. moseleyi starts to form just before dilatation of the
embryo begins (figures 8 and 27, plates 81 and 33), but that of P. balfouri arises when the
dilatation is completed (figure 72, plate 37). The germinal disk is usually terminal in position
in P. sedgwicki (plate 31). In P. moseleyi it is usually lateral, appearing about midway
between the poles of the blastodermic vesicle, and the long axis of the disk bears no fixed
relationship to that of the vesicle, being situated in any direction in early stages (figures
28 to 34, plate 33). In these two species a few embryos have been found with germinal disks
situated slightly laterally or more terminally respectively. The species shown in figure 5a—¢
resembles P. moseleyi in the position of the germinal disk. In P. balfouri the germinal disk is
perhaps more frequently lateral, but it arises in any situation, and, as in P. moseleyi, its
longitudinal axis has no fixed orientation (figures 72, 76, 77 and 78, plates 37 and 38). Inall
species the germinal disk later becomes orientated so that its long axis coincides with that
of the oviduct, but this is probably achieved by rotation of the embryo. A crumpled embryo
of P. sedgwicki a little older than that shown by figure 13, plate 31, and an undistorted embryo
of P. moseley: a little older than that of figure 33, plate 33 were drawn by Bouvier (1903,
text-figures 38 and 39) and illustrate the two positions of the germinal disk upon the yolk
sac.

The germinal disk comprises two separate thickenings of the blastoderm. A posterior
thickening arises first and gives rise to a blastoporal area from which all the endoderm and
mesoderm is formed. It is present alone in figures 8 and 27, plates 31 and 33, where it is
composed of about nine superficial and two internal cells. The formation of an anterior
thickening quickly follows, and gives rise to the ectodermal part of the lips of the mouth-
anus opening (‘blastopore’ of Sedgwick, Sheldon, etc.) and later to the mid-ventral
ectoderm of the body.

In P. balfouri the anterior thickening (a.g.) is first detectable well in front of the posterior
thickening (p.g.) from which it is separated by an expanse of thin blastoderm (figure 72,
plate 37 and the reconstruction of the same embryo shown in figure 73, plate 37). Mostof the
anterior thickening forms the mouth-anus rudiment, and merges into the vesicle close to
this organ (see section on figure 109, plate 40, through the embryo shown on figures 75
and 76, plate 37). Round the posterior thickening the change to the attenuated blastoderm
of the vesicle is also abrupt (see sections in figures 105 and 108, plate 40 through the embryos
shown in figures 72 to 76, plate 37). :
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In P. moseleyi and P. sedgwicki the anterior thickening is in contact with the posterior
thickening from the start (see reconstructions in figures 21 and 40, plates 32 and 34, of the
embryos shown in figures 9 and 29, plates 31 and 33,and figure 4, p. 517). The'formation of the
anterior thickening can be detected in sections before it is visible externally as in figures 29
and 40, plates 33 and 34. The mouth-anus rudiment first appears in the posterior part of the
anterior thickening (figure 4) and spreads anteriorly, so making the thickening conspicuous
as in figures 30 and 31, plate 33 (reconstructions of the same are shown in figures 41 and 42,
plate 34) for P. moseleyi, and figures 9, 10, 21, 22 and 23, plates 31 and 32, for P. sedgwicki. The
tissues of these larger species are relatively thicker than they are in P. balfouri, and the
germinal disk may merge gradually and not abruptly into the thin blastoderm of the vesicle.
Thus the germinal disk appears to spread farther out, and its edge (seen at the junction
of a.g. and ¢.bl. in figure 4), lies much farther from the mouth-anus than it does in P. balfouri
(figure 109, plate 40). In the reconstructions (figures 40 and 42, plate 34, and figures 21 and
22, plate 32) a pale grey area (4 of the key on plate 34), representing thickened blastoderm,
is shown extending far beyond the internal tissues and uniting the anterior and posterior
thickenings, while the reconstructions of P. balfouri (figures 73 to 75, plate 37) show two very
limited grey zones, and the anterior and posterior thickenings only just unite in stage m.
There is some individual variation in the relative sizes of the two thickenings. The posterior
is usually the larger, or the more conspicuous in P. moseleyi (figures 29 and 31, plate 33), but
specimens have been found where they are about equal as in figure 30, plate 33 (see also the
reconstructions of the same embryos in figures 40 to 42, plate 34). In P. sedgwicki and
P. balfouri the two zones are about equal in size in early stages, and thus it is often impossible
to identify the anterior and posterior ends before sectioning.

A blastoporal area arises on the anterior part of the posterior thickening. Its form and
extent vary greatly in early stages, being either circular, oval, or narrow and elongated.
From this area cells sink inwards to spread under the blastoderm. The inner germ layers
arise entirely by immigration from this zone, and there is no trace of invagination.
The parts of the blastoporal area from which endoderm cells pass in are shown by
vertical hatching in the reconstructions, and the parts giving mesodermal cells by
horizontal lines; where the two sets of lines overlap the immigrating cells supply both
layers. In P. moseleyi cells forming the genital rudiment pass inwards with the earliest
endodermal cells before any mesodermal immigration occurs (figure 39 onwards, plate 34).
The genital rudiment in the other species arises from the mesoderm, and is shown by heavy
dots in the reconstructions of all species (D in the key). The area shown by fine dots in the
reconstructions of P. balfour: depicts a ‘giant cell’ which is also present in P. capensis, but is
absent from the other species. For details of germ cells see pp. 519 and 525 and for the giant
cell see p. 512.

When the mouth-anus rudiment is first established in P. moseleyi and P. sedgwicki its
posterior extremity is only just separate from the anterior end of the blastoporal area
(figures 21, 22 and 40 to 42, plates 32 and 34, and the longitudinal section in figure 54, plate 35
of a stage near to that of figure 21, plate 32). In P. balfouri the mouth-anus and the blasto-
poral area are at first widely separate, but when the blastodermic vesicle suddenly shrinks,
the two are brought close together (figures 78 and 79, plate 38, and the longitudinal section
of the same embryo shown in figure 110, plate 40), thus resembling in this respect the early
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stages of P. moseleyi, P. sedgwicki and also P. capensis. Later development in all species results
in the mouth-anus, or the anus, coming to lie a short distance in front of the blastoporal
area, as seen in the reconstructions (figures 21 to 26, plate 32; figures 44 to 46, plate 34;
figures 81, 84, 86, 89 and 91, plate 38; and the longitudinal sections in figures 111 and 112,
plate 40).

FURTHER DEVELOPMENT OF THE GERMINAL DISK AND YOLK SAC IN
PEripaTOPSIS MOSELEYI, P. SEDGWICKI AND P. BALFOURI

The further development of the germinal disk will now be outlined separately for the
three species named above. The limited material of the 16-legged species from Grahams-
town (see p. 487) shown in figure 54 to d indicates that it most closely resembles P. moseley:.

Peripatopsis moseleyi

In P. moseleyi the thickened closed lips of the mouth-anus become visible externally as
atransparentline or groove seenin figure 31, plate 33 (for detailssee p. 515), and the posterior
thickening, consisting of superficial blastoderm, immigrating cells, mesoderm and endo-
derm has enlarged. The area lined by endoderm is at first visible as a slightly opaque zone
extending beyond the germinal disk, seen clearly in figures 29 en. and 31, plate 33. By
stage J endoderm lines the whole of the blastodermic vesicle (for further details see
p. 510). The mouth-anus groove elongates and the posterior thickening spreads forwards
on either side of the thickened lips, becoming almost continuous with them laterally, but
never quite confluent (figures 32 and 43, plates 33 and 34). The arms of the now U-shaped
posterior thickening form the germinal bands which establish all segments of the definitive
embryo. They soon extend just anterior to the thickened lips of the mouth-anus rudiment,
and then the bands bow outwards in their middle region. The first pair of somites (s. 1)
become apposed just in front and close to the anterior end of the lips of the mouth-anus
(stages L and M, plates 33 and 34). The succeeding somites lie farther from the lips, and
posteriorly they converge towards the undifferentiated base of the U-shaped band which
forms a transverse thickening, in the middle of which lies the blastoporal area (figures 33
and 44, plates 33 and 34). On either side of the thickened lips the ectoderm and endoderm
become transformed into thin tissue as the bands move outwards, the epithelial cells
becoming tangentially drawn out and more thinly distributed (v.y.s., figure 44, plate 34).
When the mouth and anus separate (stage M and see p. 518) the mid-ventral zone between
them is similarly transformed, so giving with the lateral regions a thin ventral wall to the
yolk sac bounded by the bands. This region becomes progressively larger as the bands
elongate (stage N, plates 33 and 34).

The bands continue to bow outwards as they elongate, and they take a posteriorly
directed curve in the hinder region as in stage M (plates 33 and 34), the mouth and anus
being no farther apart at this stage than are the opposite ends of the continuous mouth-anus
at stage L (plates 33 and 34). The blastoporal area lies a little behind the anus, and the
germinal bands pass‘outwards and backwards before turning forwards. At stage N, where
seventeen out of the twenty-three to twenty-seven somites* are differentiated, the mid-
ventral region gradually stretches, and as it does so the bands become closer together

* The number of segments in P. moseleyi is twenty-three to twenty-seven and not a fixed number as in
P. sedgwicki and P. balfouri.
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ventrally and the anus and blastoporal area more posterior in position. The ventral wall of
the yolk sac becomes narrower as the bands converge and is finally obliterated, a process
well advanced in figure 38, plate 33. At the same time the elongating body becomes curled
upon itself within the membrane (figures 37 and 38, plate 33). Two main flexures are present,
but they do not occur at fixed levels.

The blastodermic vesicle thus bears the germinal bands upon its ventral side; the greater
part forms a large ‘yolk sac’ lined with endoderm and filled with fluid situated on the
anterior and dorsal side (d.y.s.), and an extensive ventral wall lies between the bands (v.y.s.)
(figures 45 to 47, plate 34). The yolk sac separates the dorsal extremities of almost all pairs
of somites at stage N, but it is not extensive between those of the posterior end of the body,
where it is first absorbed. This progressive absorption of the yolk sac is shown in figures 37
and 38, plate 33. In figure 37 it has become much reduced behind the 8th somites both
dorsally and ventrally, and anteriorly it is also smaller, while the lateral parts of the
germinal bands have deepened at the expense of the yolk sac. In figure 38 the shrinking
dorsal part of the yolk sac is largest anteriorly; posteriorly it forms a narrow tract between
the somites, and a narrow remnant of the ventral wall of the yolk sac is still present. Later
the yolk sac is completely absorbed as the germ bands unite both dorsally and ventrally.

There is considerable variation in the size and shape of different embryos of the same
stage, and there is much bilateral asymmetry which is later eliminated. Reconstructions
of an extensive series of embryos have been made showing the positions of the mesodermal
somites, flexures, germ cells, etc., but only a few are here shown (plate 34). The asymmetriesin
figures 45 to 47, plate 34 are not artefacts, and an embryo with most of its somites established,
which is bilaterally symmetrical, is exceptional, though it has been found. Somites from the
8th pair backwards tend to lie parallel to each other and to be separated by a small expanse
of yolk sac, and the asymmetry from this level backwards is less than it is anteriorly. The
varied orientation of the germinal disk upon the yolk sac is responsible for considerable
asymmetry, as the anterior end of one side of the body may have greater freedom for
expansion than the other. The extent of both the forward folding of the posterior part of the
germ bands, and the onset and degree of coiling vary. A simple forward flexure of the
posterior region may persist until all somites are formed, without any tendency to coil, and,
alternatively, the coiling may start early, and turn to the right or the left. One embryo
with only twenty-two pairs of somites and a still active blastoporal area shows a germinal
band which between the levels of the mouth and anus measures about six times the length
of the mid-ventral surface between these openings, and the bands make one and a half coils
about the untwisted mid-ventral surface. All intermediate conditions have been found
between these two extremes. As development progresses and the yolk sac becomes absorbed
the bilateral symmetry of the body is improved, and is perfected when the mid-ventral
surface elongates and the anus becomes terminal. The coiling of the embryo results in
a compact body occupying a minimal space. The flexure of the embryo, however, is not at
first controlled by the external pressure exerted by the membrane (see P. balfouri, p. 508
and P. capensis).

Peripatopsis sedgwicki

P. sedgwicki differs from P. moseleyi in the relative positions of the germinal disk and yolk

sac (p. 504), but the growth of the germinal bands and yolk sac are essentially the same. The

Vor. 233. B. 64
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terminal position of the germinal disk leads to the greater part of the yolk sac becoming
anterior in position as shown in plate 31. The germinal bands and the ventral wall of the
yolk sac arise as in P. moseleyi, but at an early stage a marked antero-posterior concavity is
developed on the ventral surface as shown an figure 11, plate 31, the corresponding stage for
P. moseleyi being much flatter. The body behind the 7th somite thus becomes much curled
from the start, and the yolk sac here forms no more than a narrow dorsal and ventral tract
at any time (figure 13, plate 31). The dorsal yolk sac may continue to dilate, reaching
a maximum size in figure 13. Thereafter it becomes gradually absorbed and disappears as
the bands unite to form the dorsal body wall. This happens first along most of the trunk
region behind the head, leaving the remains of the yolk sac as a dorsal bladder attached to
the head by a narrow neck (figures 14 and 15, plate 31). Finally it is completely absorbed.
The ventral wall of the yolk sac disappears as in P. moseleyi, and the body becomes folded
inside the membrane with increasing age, two main flexures being present (figure 14,
plate 31). The asymmetry of the embryos is less extensive than in P. moseleyi.

Peripatopsis balfouri

In P. balfour: the early and sudden shrinkage of the blastodermic vesicle soon after its full
dilatation, when the germinal disk is established but the germ bands not yet formed
(figure 77, plate 87), greatly influences the form of the embryo. When this shrinkage is
complete (figure 78, plate 38) a general thickening of ectodermal and endodermal tissues
results, so that the germinal disk is only a little thicker than other parts of the embryo.
Stage r (figures 83 and 84, plate 38) roughly corresponds with stage K (plates 33 and 34) of
P. moseleyi in that there is an almost continuous germinal disk around the mouth and anus,
the lips of these organs (or of the undivided mouth-anus) being almost continuous with the
now U-shaped germinal band. By stage s (plate 38) the bands have elongated and they bow
out, and thin-walled dorsal and ventral regions corresponding with the extra-embryonic
yolk sac of P. moseleyi and P. sedgwicki are differentiated (d.y.s. and v.y.s.). This stage differs
from P. moseleyi (stage L, plates 33 and 34) in the small size of the yolk sac, the earlier
partition of mouth and anus, and the germ bands occupying a larger proportion of the
surface of the embryo. The bands bow out a little farther as in stage ¢ (plate 38), but on
elongation of the mid-ventral region they approximate once more as in stages « to z.
A slight ventral flexure is developed when eight to ten pairs of somites are formed (stage v),
and then the hinder end of the bands becomes folded forwards as in stage w, where the
eleventh and twelfth pairs of somites have appeared. Both anus and blastoporal area are
carried forwards by the fold (stages x and y); in P. sedgwicki and P. moseleyi it is only the
blastoporal area which is at first folded forwards to different extents in the two species
(figures 12 and 35, plates 31 and 33), the anus remaining on the short unfolded region. The
dorsal and ventral walls of the yolk sac are almost equal in size in P. balfouri (figures 93 to 96,
plate 38). Both become narrower and are finally absorbed as in P. sedgwicki and P. moseleyi.
The dimensions of the whole embryo gradually increase from stage o onwards, and by
stage y the embryo fills the membrane once more. The flexure described above (figures 92
to 94, plate 38) is not caused by limitation of space, as it is initiated when the embryo is
floating freely inside a relatively huge membrane (the membrane is shown in figures 78
and 95, plates 38, but is omitted from the other figures). The ventral surface gradually
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elongates until the anus becomes terminal (figures 95, 96), but this is completed only after
germ-layer formation has ceased and all somites are formed, as in P. moseleyi. The embryo
becomes coiled inside the membrane with two main flexures as in the other species.

FIRST STAGES OF IMMIGRATION IN P. MO0SELEYI, P. SEDGWICKI AND P. BALFOURI,
AND GENERAL REMARKS UPON THIS PROCESS

The endoderm, the mesoderm and the germ cells, when they are differentiated early,
arise by immigration from a blastoporal area. The establishment of these layers occurs in
essentially the same manner in all three species, but the appearance of the early stages of
this processisinfluenced by the precocious development of germ cells in P. moseleyi, and by the
formation of a ‘giant cell”’ and the general thinness of the tissues in P. balfour:. In P. balfouri
the remains of the network formed from the large vacuolated cells has not entirely dis-
integrated before immigration starts, but the nuclei of the latter can be distinguished from
those of the germinal disk, even in embryos where the two structures come in contact
(see p. 512).

As in other arthropods showing gastrulation by immigration, there is little difficulty in
following the process where fixation is good and a complete series of stages is obtained.
Outside the blastoporal area the blastoderm is even, the component cells are rectangular,
their nuclei lying at all depths from the surface, but the exposed cell boundaries are evenly
situated. Ifinternal tissue is present this is sharply demarcated from the overlying ectoderm,
even if there is no actual gap between the two. Within the blastoporal area none of these
features are found. The immigrating cells lie at all levels; they are spindle-shaped, and
there are clear gaps left at the outer surface where cells are in progress of sinking in.
Internally there is no demarcation between the irregular immigrating cells of the blastoporal
area and the internal cells with which they are in contact. All these features are seen with
considerable clarity in the transverse and sagittal sections shown in figures 107 to 112,
plate 40 for P. balfouri, figures 49, 50 and 59, plates 35 and 36 for P. moseleyi, and figure 54,
plate 35 for P. sedgwicki, the blastoporal area being indicated by the bracket (5.a.). Meso-
dermal immigration is clearly seen in figures 54, 59 and 110 to 112, plates 35, 36 and 40, and
endodermal immigration in figures 49, 50 and 54, plate 35. If, as in figure 54, the anterior
limit of the blastoporal area is not apparent with diagrammatic clarity, it must be remem-
bered that only one level can be shown here, and examination of neighbouring levels reveals
no doubt as to the extent of the blastoporal area and its relationship to other things such as
the developing mouth-anus opening.

The earliest cells to become internal are situated below the posterior thickening of the
germinal disk (see below). Stages with only one internal cell onwards have been obtained.
Where very few internal cells are present (as in the longitudinal section (figure 48, plate 35)
for P. moseleyi with two internal cells, and in the transverse section (figure 105, plate 40) for
P. balfouri with four), it is not possible to ascertain their exact points of immigration, but as
soon as the process is a little more advanced, immigration is seen to be restricted to a
narrow median zone, with regular blastoderm on either side (see transverse sections of
P. balfourt, figure 108, plate 40 and of P. moseley:, figure 59, plate 36, and longitudinal
section in figure 58, plate 36 of P. moseleyi, figure 46, plate 34). At first the blastoporal
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area is round or oval in P. moseleyi and P. sedgwicki (see reconstructions, figures 39 to 41,
plate 34 and figures 21 to 23, plate 32), but in P. balfouri it is narrow and elongated
(figure 75, plate 37). Later it becomes longer and narrower in all species, but may shorten
and widen in later stages when mesoderm only is being formed. There is, however,
variation in the shape and extent of the blastoporal area at similar stages; for example, the
reconstructions of P. moseleyt, figures 41 and 42, plate 34, show a long and narrow zone in one
and an almost circular one in the other. Where immigration is taking place rapidly and is
restricted to a narrow elongated zone, a ‘primitive groove’ is apparent in transverse
sections as noted by Sedgwick for P. capensis, and tends to be formed in the middle or
anterior part of an elongated blastoporal area or ‘primitive streak’. The groove is much
shallower in P. moseleyi, P. sedgwicki and P. balfouri than it is in P. capensis. The blasto-
poral area* is maintained until mesoderm sufficient for the formation of all somites has been
established, and then it disappears. Endodermal immigration ceases much earlier (see
pp-511and 513). Inthe embryo of P. moseleyi,shown in figure 47, plate 34, the fullnumber of
twenty-seven somites has been formed, the cavity of the last pair is appearing, and the
blastoporal area has just ceased to function. Figure 96, plate 38 shows the corresponding
stage for P. balfours.

The ultimate origin of the immigrating cells' cannot be determined by the available
methods for studying a viviparous embryo such as that of Peripatopsis. Mitoses in the
blastoporal area are frequent, but they also occur in the general blastoderm. It is not
unlikely that cells migrate towards the blastoporal area, and that mesodermal and endo-
dermal cells are determined in an external position, perhaps some distance from the
blastoporal area, and long before they are incorporated into the latter and pass inwards.

EARLY STAGES OF ENDODERM FORMATION IN PERIPATOPSIS MOSELEYI AND P. SEDGWICKI

In P. moseleyi and P. sedgwicki the earliest detectable germinal disk comprises about six
superficial cells forming the posterior thickening. By the time that this thickening contains
about nine superficial cells one or two have slipped inwards and lie below the outer layer.
The first cell to become internal swells when it reaches this position and the cytoplasm
becomes vacuolated. The vacuoles either appear empty or filled with a substance staining
pale blue with Mallory and remaining unstained by iron haematoxylin. The nucleus often
becomes distorted as it lies in the irregular cytoplasmic boundaries of the vacuoles. An
embryo from the same family of P. sedgwickz, as seen in figure 8, plate 31, but slightly younger,
shows one such internal cell, and a P. moseley: (figure 27, plate 33) with two internal cells is
seen in section in figure 48, plate 35. One of these cells (¢n.) exhibits the features described,
and the other is not yet differentiated cytologically from the superficial cells. Sections of
early gastrulation of P. sedgwick: are not figured, as they are so similar to those of P. moseleyi.
The first few cells to pass in develop similar characteristics and become endoderm.
They vary greatly in size, some swelling to the full diameter of the germinal disk, and
others undergo mitotic division soon after becoming internal. They spread outwards and
away from the blastoporal area, becoming progressively more vacuolated, and forming a

* The term ‘blastoporal area’ is used here in preference to ‘primitive streak’, as it implies no limitation
of function to the formation of mesoderm alone.
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loose single layer of cells below the superficial tissues (figures 49, 50 and 54, plate 35). They
appear very like the recently immigrated endodermal cells of a yolky arthropod such as
Hemimysis or Nebalia (Manton 1928, 1934) in which the yolk vacuoles have been replaced
by the vacuoles described above. This process of endoderm formation continues after
mesoderm immigration has become active, and is then localized at the extreme anterior
end of the blastoporal area, little if any mesoderm being formed here (see figure 24, plate 32
for P. sedgwicki and figures 40 to 45, plate 34 for P. moseleyi). The sheet of endodermal cells
spreads rapidly (figures 28 to 32, plate 33) and extends beyond the germinal disk in an ever-
widening circle, visible in life as an area slightly more opaque than the thin blastoderm
of the vesicle, and shown by the pale area ¢n. in figures 29 and 30, plate 33 of P. moseleys.
The endoderm spreads by mitoses and immigration until it lines the whole of the blasto-
dermic vesicle, a process completed at stage J for P. moseleyi and E’ for P. sedgwicki. Endo-
derm immigration is thereafter much slower, and when the posterior part of the definitive
embryo folds forwards, it ceases. This occurs in P. sedgwicki when eight pairs of somites have
been formed (figures 11 and 26, plates 31 and 32), and in P. moseleyi when about seventeen
pairs have been established; however, it varies a little in the latter species, and embryos
with sixteen somites (stage M) show some endoderm formation, it is doubtfully being
formed in some with eighteen somites, and could not be detected in the embryo shown in
figures 46, plate 34 with nineteen somites or in older stages.

‘The immigration of the endoderm, except in the earliest stages, is less easy to observe than
the more extensive mesodermal immigration. When the mesodermal bands are forming
(figures 22 to 25, 43 and 44, plates 32 and 34) a thick mass of mesodermal cells separates
the endoderm from the greater part of the blastoporal area. The endoderm forms a
continuous epithelium distinct from the superficial tissues everywhere except at the extreme
anterior end of the blastoporal area, in front of the mesodermal immigration, and here the
endoderm merges into the blastoderm, as seen in the longitudinal section in figure 54,
plate 35 of P. sedgwicki. When endodermal immigration ceases, the whole of the endoderm
forms an epithelium which is clearly separable from the superficial tissues of the blastoporal
area as well as elsewhere, and in all regions it appears as distinct as it does in the transverse
section of P. moseleyi in figure 59 en., plate 36. The point of endodermal origin is at first close
behind the developing mouth-anus (/., figure 54, plate 35), but later it becomes separated
from it (or from the anus) by a short distance (see p. 505).

The endodermal cells below the germinal disk in P. moseleyi remain vacuolated in most
regions for a considerable period and their cytoplasm is scanty (figures 57 to 59, plate 36),
but they form a more uniform epithelium with increasing age, the cells lying closer together
(compare figures 50 and 58, plates 35 and 36). In P. sedgwicki the endodermal cells below
the germinal disk may soon become less vacuolated, but the cytoplasm is not materially
increased in amount, and so this layer appears attenuated as in figure 54, plate 35. There
is no significant difference between the endoderm of these two species in older stages.
Below the extra-embryonic ectoderm of the yolk sac the endodermal cells are much drawn
out, vacuolated and thin, often with very scanty cytoplasm.

Further increase in the endodermal layer occurs only by mitosis. This leads to a thickening
by closer approximation of the cells in the regions of the definitive embryo. By this means
is formed an endodermal lining of the posterior part of the body, which first appears as
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a diverticulum of the yolk sac. Many mitoses are found in this actively growing epithelium
close to the base of the mesodermal bands, internal and near to the blastoporal area. As the
yolk sac shrinks its endodermal lining becomes absorbed into the uniform epithelium of the
gut by the approximation of its cells.

FORMATION OF THE ENDODERM AND THE ‘GIANT GELL’ IN PERIPATOPSIS BALFOURI, AND
THE SUDDEN CONTRACTION OF THE BLASTODERMIC VESICLE

As described above (pp. 501 and 509) the remains of the ‘large vacuolated cells’ persist
until the onset of endoderm and mesoderm formation. They may come in close contact
with the germinal disk of some embryos, and can be seen in the sections in figures 105 to 109,
plate 40 (n. and d.n.v.), but they have no influence on gastrulation and give no adult tissue.
The posterior thickening of the germinal disk at its earliest appearance is composed of
a ‘giant cell’ with a large, lobed nucleus, dispersed chromatin, and uniform pale staining
cytoplasm, surrounded closely by a few undifferentiated cells (g.c. and u.c., figure 105,
plate 40). This section passes through the plane indicated on the whole view and recon-
struction, figures 72 and 73, plate 37, and cuts through part of the giant cell (dotted area in
figure 73) and a few of the fourteen undifferentiated cells composing the posterior thickening.
Some of the latter are in mitosis and some are just internal. The edge of this zone is sharply
demarcated from the surrounding attenuated blastoderm. The transverse section in figure
106, plate 40 and the reconstruction in figure 74, plate 37 show a later stage. The giant cell is
larger, the surrounding cells are more numerous, and the inner ones are becoming endoderm.
A few of these now lie internal to the giant cell where they establish a connected layer, and
others lying peripherally and within the outer blastoderm are becoming vacuolated (en.)
and have spread beyond the posterior thickening, as indicated by the dotted line on the
reconstruction in figure 74. The number of cells in the posterior thickening rapidly increases
(figure 107, plate 40), and the endodermal layer spreads outwards in all directions, the
margins being visible on either side of the figure. The multiplying undifferentiated cells add
to the endodermal layer and spread superficially over the giant cell which thus becomes
internal. By stage m (plates 37 and 40) the circular sheet of endoderm has spread far beyond
both anterior and posterior thickenings (figures 75 and 108), the giant cell has become more
deeply situated but is otherwise unchanged (only a small portion of it is cut in the section
drawn in figure 108). The smaller cells composing the posterior thickening are now clearly
organized into an outer thick blastoderm interrupted mid-ventrally by an elongated
blastoporal area (b.4.), and from the latter cells pass in to become endoderm or mesoderm.
The mesodermal cells (me.), first detectable at this stage, are few and lie between the
thickened blastoderm and the endoderm; they cannot be clearly differentiated from the
future endodermal cells, but resemble in position and appearance the mesodermal cells of
later stages (figures 110 to 112, plate 40). Further immigration leads to rapid spread of the
endodermal layer. It never lines the large blastodermic vesicle, as it does in P. moseleyi and
P. sedgwicki, as a sudden reduction in the tension on the walls of the vesicle at stage n
(mentioned above, pp. 491, 493 and 508) leads to a condensation of that part of the vesicle
lined by endoderm (b/.e.) to form a small sphere on to which is appended the shrinking remains
of the single layered part of the vesicle (l.s., figure 77, plate 37). The completion of the
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condensation of the embryo (figure 78, plate 38) results in the appearance of a double-
layered sphere, vacuolated endoderm being present throughout. The nuclei of both ecto-
derm and endoderm are now closer together and the cells are deeper as a result of the
general shrinkage (see longitudinal section, figure 110, plate 40).

The ‘giant cell’ described above entirely disappears during this condensation of the
embryo, leaving no trace. It is possible that the two events are correlated, neither giant cell
nor shrinkage of the vesicle occurs in P. moseleyi or P. sedgwicki, and the giant cell has never
been found after the sudden condensation of the embryo. No further facts concerning this cell
have been obtained. Possibly it is a gland cell which influences the osmotic relations of the
embryo, and on discharge causes a reduction in the osmotic pressure within the vesicle and
consequently the shrinkage. The mouth-anus opens just after the shrinkage (see p. 517),
but appears to be closed until then by a fine sheet of protoplasm, and so its opening cannot
cause the reduction in internal pressure.

Thus the condensed embryo, lacking germ bands, is lined throughout by endoderm.
This layer remains distinct from the superficial tissues at all later stages (figures 110 to 112,
plate 40). No further additions to it by immigration from the blastoporal area could be
found, and further growth takes place by mitoses; it is possible that a small amount of
immigration too slow to be detected may take place from the anterior end of the blastoporal
area, but no major immigration of endoderm occurs. Endoderm formation thus ceases
much earlier in P. balfouri than in P. moseleyi and P. sedgwicks.

Beyond stage o the endodermal cells become closer together and deeper as they increase
in numbers (figures 110 to 112). A surplus of cells piles up in the dorsal region of the middle
part of the body (figures 111 and 112). Here the already much vacuolated cytoplasm
disintegrates and the nuclei degenerate. All stages in the process have been found, some of
the nuclei nearest to the gut lumen in figure 111 are almost free from their disorganizing
cytoplasm and show stages of chromatin degeneration (d.n.). (For the evidence against the
supposed invagination of endoderm from the lips of the mouth-anus (blastopore of earlier
workers other than Kennel) see p. 518.)

FURTHER DEVELOPMENT IN PERIPATOPSIS CAPENSIS

Sedgwick assumed that the open blastopore (see p. 503) of P. capensis gave rise directly to
the large opening which divides to form the mouth and anus, but in fact he had no stages
between one with an open blastopore 2044 in diameter and another of 448 x 480, with
a large mouth-anus (his figures 19 to 22 on plate 31, 1885, are not drawn to the same scale).
This gap has been reduced, but not entirely filled, by the present work, as no stage between
one with an almost closed blastopore 210 in diameter and another of 257 x 286« with a
wide open mouth-anus has been found (figure 2¢ and #). The latter is younger than the
corresponding stage obtained by Sedgwick. Thus there is no direct evidence as to how the
mouth-anus arises. It is probable that it is formed by a reopening of the blastopore, and
if this is so, P. capensis differs from the three species with a dilated blastodermic vesicle here
described (p. 515).

The mouth-anus in the youngest stage obtained is 45 X 70 in size, with ectoderm and
endoderm continuous at the extreme edges of the lips which do not protrude (figures 113 and
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123, plate 41). The free endodermal cells of some earlier stages no longer lie in the enteron
in this or in similar aged embryos, and the enteric space is bounded by a regular layer of
vacuolated endodermal cells. There is no evidence of endoderm arising by invagination
from the lips of the mouth-anus (see p. 518). The endoderm present at this stage is derived
in the manner already described by immigration from the edges of an open blastopore.
Behind the open mouth-anus immigration from a rudimentary blastoporal area lying in the

N

s.d. g¢.

Fioure 3. Transverse section of P. capensis at the same stage as that shown in figure 123, plate 41 at
the level indicated (¢.£.3). The section passes just behind the blastoporal area from which
immigration is taking place, and through the ‘giant cell’ (g.c.) which lies close to the ectoderm
(cf. figure 123); secretory droplets of various. sizes lie in the cytoplasm of this cell and outside it,
and vacuoles indicate their site of formation. Four mesodermal nuclei are shown, one in mitosis,
and three nuclei of endodermal cells lie outside the plane of the section. The corresponding
stage for P. balfour: is shown in figures 107 and 108, plate 40. x 320 approx.

lip has given rise to about twenty-six mesodermal cells, four of which are seen in the
section shown in figure 123, plate 41, and to a ‘giant cell’. This stage corresponds to that of
the dilated embryo of P. balfouri (m.) on figures 76, and 107 and 108, plates 37 and 40.
Immigration from the blastoporal area of P. capensis takes place mostly in the middle line,
and so a ‘primitive groove’ appears as Sedgwick described, which differs from the blasto-
poral area of the other species where immigration occurs more evenly over a wider area
and no marked furrow appears.

The giant cell (g.c.) in P. capensis may lie closer to the endoderm (figure 123, plate 41) or
to the ectoderm (figure 3), and occupies the posterior part of a small group of mesodermal
cells; it is probably one of the first cells to become internal from the blastoporal area, as in
P. balfouri. Ttis clearly an active gland cell. Itisabout 30 in diameter with a pale staining
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unlobed nucleus, and the cytoplasm, unlike that in P. balfouri, is densely packed with
mitochondria. Numerous secretory droplets (s.d.) of various sizes are present in the
cytoplasm, and many similar droplets lie outside the cell; they stain brown with haema-
toxylin. The transverse section in figure 3 shows a giant cell which appears to have just
discharged many droplets, as a number of these lie near it leaving empty vacuoles in the
marginal parts of the giant cell. These droplets are abundant near the giant cell, and spread
round the sides of the mouth-anus and elsewhere, and can be found incorporated into the
cytoplasm of both ectodermal and endodermal cells. No such droplets are present before
the giant cell appears. Embryos showing the giant cell are 286 to 396« in length ; this stage
was not seen by Sedgwick. The giant cell disappears completely as in P. balfouri, and no
trace is present in embryos 4244 in length; its secretory products are also soon absorbed.
No suggestions can be offered as to its function.

After the disappearance of the giant cell the ‘primitive groove’ elongates and becomes
a little removed from the mouth-anus as in the other species (plates 32, 34 and 38). Meso-
dermal immigration continues, forming a circular patch of undifferentiated cells behind the
mouth anus. Such a stage is intermediate between those reconstructed in figures 113 and
114, plate 41. Whenslightly older, some germ cells appear in this circular patch of mesoderm,
but they are scattered and do not form a compact rudiment as in the other species, and the
limits of the genital rudiment are less sharp than the reconstructions on plate 41 may
suggest. The nuclei of the germ cells are pale staining as in the other species, and their
cytoplasm is rather dense and often stains more brown than grey with iron haematoxylin.
Mesodermal bands are formed as described on p. 519, and the growth of the germinal bands
resembles that of P. balfouri (p. 508).

A close series of embryos has been examined to ascertain whether any endoderm is formed
by immigration from the blastoporal area (primitive groove). As in the condensed embryo
of P. balfours (see p. 508), no indication of such a process could be found. It is possible that
a few endodermal cells may arise in this way, but too slowly to be detected by the available
methods. It is clear that the bulk if not the whole of the definitive endoderm arises from the
early vacuolated cells formed during segmentation which take up their position in associa-
tion with a blastopore. A consideration of the different modes of formation of endoderm
in the species of Peripatopsis is given on pp. 513, 536 and 539.

FORMATION OF THE MOUTH-ANUS OPENING (BLASTOPORE OF EARLIER WORKERS)
AND ITS DEVELOPMENT INTO MOUTH AND ANUS

The mouth-anus opening, assumed to be the blastopore by Balfour (1883) and Sedgwick
(1885) (see pp. 530 and 532), has not previously been traced to its origin. In P. capenss
a conspicuous blastopore closes as shown on p. 503. Possibly it reopens to form the mouth-
anus later, or the latter may be formed on its site. In P. balfouri a homologue of the blastopore
is early obliterated, and in P. moseleyi and P. sedgwicki this feature is not developed. The
origin of the mouth-anus in these three species, which all possess a dilated blastodermic
vesicle, has been traced in detail. It arises de novo, after endoderm formation has considerably
advanced, and it is formed in essentially the same manner in all three species, although
transitory vacuolated cells are formed in P. balfouri but not in P. sedgwicki or P. moseleyi.

Vor. 233. B. 65
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Later stages only have been seen of the species shown in figure 54 to d, and there is no
reason to suppose that the origin of this organ is not substantially the same as in the other
species with a large blastodermic vesicle.

The position of the mouth-anus has been described above (p. 504). The sheet of endoderm
spreading from the blastoporal area comes to lie below the anterior thickening of the germinal
disk. Here a small area of endoderm thickens by the closer approximation of'its cells, and is
situated against a similar thickening of the ectoderm. In P. moseleyi and P. sedgwicki this
ectodermal thickening is at first relatively slight, but in P. balfour: it forms the greater part
of the anterior thickening of the germinal disk. These features are shown in the transverse
section of P. sedgwicki in figure 55, plate 36, at the level indicated in figure 21, plate 32, the
middle line being marked by the arrow m. The endoderm is clearly thicker near the middle
than laterally, and there is no trace of a connexion between the endoderm and the overlying
ectoderm. The endodermal sheet at this stage has reached the area surrounded by the
dotted line in the reconstructions of P. balfouri (figures 74 and 75, plate 37), butlies far beyond
the limits of the reconstructions shown in figure 40, plate 34 onwards for P. moseley: and
figure 21, plate 32 onwards for P. sedgwicki, where it lines up to half of the blastodermic vesicle.

As the ectoderm and endoderm thicken, some cells become orientated about the middle
line, starting anteriorly. No nuclei lie on a short sagittal line, which marks the future
mouth-anus, and cells take up positions on either side of it radiating outwards anteriorly
and laterally. An early stage of this orientation is seen in the ectodermal cells of a whole
mount shown in figure 4 (only a small part is drawn; for its position see the dotted
rectangle £.1.2 in figure 22, plate 32). Anteriorly a row of cells form a clear boundary to the
mouth-anus, which is starting to perforate, and posteriorly the lips are not yet defined, but
a mitosis lies on the right side where the lips will be formed. A thickened layer of endo-
dermal cells becomes similarly orientated, thus leaving only apposed cell boundaries along
a sagittal line. These orientated cells are indicated by broken radiating lines on the
reconstructions, figures 21 to 23 and 40 to 45, plates 32 and 34.

On either side of this sagittal line the ectodermal cells tip inwards and the endodermal
cells outwards so that the two layers unite to form the lips of the mouth-anus, as shown at /.
in the transverse section in figure 56, plate 36 of P. sedgwicki cut in the plane indicated by the
arrow in figure 22, plate 32. Where the ectoderm and endoderm are united to form the lips,
a furrow lies externally (figures 57, plate 36 of P. moseleyi). The extent of the formed lips
is shown by a heavy sagittal line in the reconstructions (figur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>