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Synopsis

The primitive, large, yolky eggs of tubificid and lumbriculid oligochaetes and glossiphoniid
leeches undergo a modified spiral cleavage yielding a yolky blastula. The pattern of presumptive
areas in the blastula wall is interpretable as a modification of the polychaete presumptive area
pattern, in association with increased yolk. The same pattern of presumptive areas is retained
in the secondarily microlecithal embryos of lumbricid oligochaetes, gnathobdellid and pharyngob-
dellid leeches and probably other clitellates, in spite of further cleavage modifications and of
embryonic adaptations to albumenotrophy.

The primitive, large, yolky eggs of ovoviviparous Onychophora undergo centrolecithal
cleavage, setting out a blastoderm around a central yolk mass. In viviparous non-placental
species, although yolk is absent and cleavage is modified, a similar blastoderm is usually formed
around a central cavity. In viviparous placental species, cleavage is highly specialized, yielding
a small blastodermic vesicle at the end of a placental stalk and plate.

The blastodermal presumptive areas of Onychophora, like those of clitellates, retain a constant
pattern in spite of secondary yolk loss and its attendant modificetions. Taking into account the
events of gastrulation, the blastodermal presumptive area pattern of Onychophora is interpretable
as a modification of the primitive clitellate presumptive area pattern, in association with a further
increase in yolk.

It is suggested that a clitellate-like mode of early embryonic development mmst have
characterized the ancestors of the Onychophora, and that these ancestors were members of the
spiral cleavage assemblage and were probably paraphyletic with the ancestors of annelids.

INTRODUCTION

Following a review of the embryology of polychaete annelids by Anderson
(19664a), the embryonic development of clitellate annelids and the modifications
which they show as compared with polychaetes now become a subject of renewed
interest. While the development of yolky polychaete eggs always retains traces
of a primitive mode of development from a small, microlecithal egg through a
planktotrophic trochophore and metamorphosis, that of elitellates shows no
such traces. As is well known, both oligochaetes and hirudineans deposit their
eggsin a cocoon in which development proceeds directly to hatehing as a miniature
adult with numerous segments. Primitively, the embryo develops from a
relatively large yolky egg, the cleavage, gastrulation and organogeny of which
are adapted to the presence of voluminous yolk reserves. Secondarily, in the
majority of clitellate families, the egg is small and microlecithal and the embryo
is adapted to feeding on the albuminous contents of the cocoon. The nature
of both types of modification has hitherto yielded no clue as to the possible
marine antecedents of primitive clitellate development or the derivation of the
secondary yolkless from the primitive yolky condition. When the data of
clitellate embryology are reexamined in the light of new understanding of
polychaete development, however, solutions to both of these problems can be
proposed, as will be shown below.

Primitive clitellate development exemplifies a particular modification of
spiral cleavage development to voluminous yolk and the production of a
metamerically segmented annelid. The embryonic development of Onychophora
is also primitively adapted to voluminous yolk, and to the formation of a
metamerically segmented animal with a number of annelid-like features. In
the absence of ‘“ spiral cleavage  features in onychophoran development, the
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derivation of Onychophora from a spiral cleavage ancestry has hitherto proved
elusive of recognition (Manton, 1965) but, as will also be shown below, pursuance
of the comparison in an appropriate way reveals the development of the
Onychophora, not only as a modification of spiral cleavage development, but
also as one with unmistakable clitellate-like antecedents.

It is true that certain difficulties attend this line of argument. The
descriptive data on the embryology of the Oligochaeta, Hirudinea and
Onychophora are incomplete in many critical ways and few of the available
papers embody results obtained by modern histological techniques. Among
the oligochaetes for example, Tubifex rivulorum and Rhynchelmis limosella are
the only species with large, yolky eggs whose development has been adequately
described (Schmidt, 1922 ; Penners, 1922, 1924 ; Swetloff, 1923b; Meyer,
1929), all other investigations being concerned with the specialized embryos of
naidids, Bdellodrilus and earthworms. The same situation obtains for the
Hirudinea, where again only two forms with large yolky eggs, Glossiphonia
and Theromyzon, have been investigated (Schliep, 1914 ; Schmidt, 1917, 1925a),
the remaining descriptions being confined to specialized piscicolid, gnathobdellid
and pharyngobdellid development. The Onychophora present a further difficulty
in that nothing is known of the development of the large, yolky eggs of oviparous
onychophorans and only a little of the yolky eggs of ovoviviparous species
(Sheldon, 1888, 1889« ; Evans, 1902). On the other hand, the specialized
development of the viviparous Onychophora, especially as described for Peri-
patopsis by Manton (1949), provides many inferences which are of value for
comparative purposes, and permits a picture to be drawn of eclitellate and
onychophoran development which holds much of interest for the phylogeneticist
and epigeneticist.

CLEAVAGE

Primitive cleavage in the Oligochaeta

In Tubifex and Rhynchelmis, the spiral pattern of cleavage is retained, but
is modified in ways related to the magnitude of the large, yolky egg and its
development in a protective cocoon. The nature of these modifications has
hitherto been obscured by employment of the Wilsonian system of enumeration
of spiral cleavage (Wilson, 1892), which places emphasis on the integrity of
quartettes and individuality of single blastomeres and their fate. If, as for
polychaetes (Anderson, 1966a), attention is alternatively directed towards the
formation and subsequent fate of presumptive areas in the wall of the blastula,
the oligochaete response to yolk is much more clearly discerned.

Both in Twubifex (Penners, 1922, 1924) and Rhynchelmis (Vedjovsky, 1886,
1888-92 ; Bergh, 1890 ; Penners, 1922 ; Swetloff, 1923b), the first two cleavage
divisions are at right angles along the animal-vegetal axis of the egg, the next
four perpendicular to this axis and, except for a precocious onset of bilateral
cleavage in the D-quadrant, successively dexiotropic, laeotropic, dexiotropic
and laeotropic in the classical spiral cleavage sequence. In association with
the large size of the egg, 300-500p. in diameter in Tubifex, 1000y in Rhynchelmis,
the first division is very unequal, AB being much smaller than CD, and the
second division maintains this inequality in the D-quadrant, D remaining large,
while C is only a little larger than A and B (Figs 1, 2).

In polychaetes with yolky eggs, where the D cell is also disproportionately
large, much of it is subsequently segregated into a ring of large ectoteloblasts
and a pair of large M-cells within the ring, forming a growth zone which gives
rise to several trunk segments before the yolk reserves of the embryo are
exhausted (Anderson, 1966a). The large D cell in primitive oligochaetes is a
developmental adaptation subserving a gimilar function. In Tubifex, for
example, 34-38 segments are formed before the embryo hatches from the cocoon.

The orientation of the four quadrants in Tubifex at the 4-cell stage is as in
polychaetes, D being dorsal, and A, B and C left-lateral, ventral and right-lateral
respectively relative to the anteroposterior axis of the embryo, though there
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is a change in quadrant orientation as development proceeds further. In
Rhynchelmis at the 4-cell stage, on the other hand, the large D cell is posterior
in position, with A on the left, B anterior and C on the right. Cleavage in Tubifex
finally results in displacement of B-quadrant cells to an anterior and D-quadrant
cells to a posterior position as described below. In Rhynchelmis quadrant
reorientation, presumably through a redistribution of ooplasms, manifests
itself in the egg.

Associated with the large size of the D cell, early cleavage after the 4-cell
stage in Tubifex and Rhynchelmis differs from that of polychaetes in a marked
tendency to precocious division of the D-quadrant cells, and to a lesser extent
of the C-quadrant cells, so that the cells of each quartette cut off from the stem
cells at the 3rd and subsequent divisions are formed in succession, the D-quadrant
leading, the A and B quadrants lagging.

Figs 1-4.—1, Tubifex, 4-cell stage, anterior view with dorsal surface on the right. 2, Rhynchelmis.
4-cell stage, dorsal view with posterior end on the right. 3, Twbifex, 8-cell stage, anterior view,
4, Rhynchelmis, 8-cell stage, dorsal view. (After Penners, 1922 ; Swetloff, 1923b.) The key to
the shading conventions employed in Figs 1-33 is provided by Fig. 13.

At the 3rd cleavage division (Figs 3, 4), dexiotropic and very unequal, a
1st quartette of very small cells 1a—1d is cut off from stem cells 1A-1D. In
Tubifex, 1a—1d lie bilaterally on either side at the anterior pole, 1d and la to
the left, 1b and lc¢ to the right. In Rhynchelmis, they are similarly bilateral,
but dorsally placed.

The laeotropic 4th division begins with the division of 1D into 2d and 2D
(Fig. 6). 2d is much larger than any cell of the 1st quartette, though in Tubifex
it is only about one-quarter, and in Rhynchelmis less than one-quarter, of the
size of 2D. In Twbifex, 2d pushes forward anterodorsally between 1d and lec
to lie in the dorsal midline, with the 1st quartette cells as an arc around its
anterior face. In Rhynchelmis, 2d lies mid-dorsally behind the 1st quartette.
2a, 2b and 2c¢ are now cut off laeotropically as small cells, so that 2a is added to
the left, 2b to the front and 2¢ to the right of the micromere arc bordering 2d
(Figs 5, 6).
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At the same time, the 5th division begins in the D-quadrant. The produects
of this division as it affects 2D differ in the two embryos. In Tubifex, the d
component of the 3rd quartette, 3d, is a small cell cut off dexiotropically and
added to the left-hand end of the micromere arc (Fig. 5). In Rhynchelmis,
3d is cut off in the dorsal midline as a cell directly behind and equal in size to 2d
(Fig. 6). The latter cell, on the other hand, behaves similarly in both species
at this stage, dividing unequally, with its smaller daughter pushing into the
micromere are while its larger daughter remains mid-dorsal. This is repeated
at least twice in subsequent divisions, a cell being added on each occasion to the
micromere are, leaving the large cell in the mid-dorsal line. The final designation
of the large cell as 2d'™ in Zwubifex and 2d°* in Rhynchelmis (Figs 7, 8) does not
alter the fundamental similarity of the process in the two species.

3C I¢? 3% 2d?

Figs 5-8.—5, Tubifex, 17-cell stage, dorsal view. 6, Rhynchelmis, 12-cell stage, dorsal view.
7, Tubifex, 22-cell stage, anterolateral view. 8, Rhynchelmis, 30-cell stage, dorsal view. (After
Penners, 1922 ; Swetloff, 1923b.)

Meanwhile, the 5th cleavage division continues in the remaining quadrants,
the stem cells 2A, 2B and 2C cutting off the small cells 3a, 3b and 3¢ to lie on the
left, anteriorly and on the right respectively, at the outer rim of the micromere
arc (Figs 5, 7). In Tubifex, the cells 1¢ and 1d, on the right and left in this are,
also divide equally, increasing the number of micromeres. In Rhynchelmis,
they are said not to divide again, but the evidence for this is not positive.

The later part of the 5th division is accompanied by precocious 6th division
in the D-quadrant. The stem cell 3D divides into large 4d and 4D cells lying in
midline (Figs 7, 8). In Tubifexr, 4d is equal in size to 4D, although almost all
of the yolk in the parent 3D stem cell is confined to 4D. In association with its
relatively large size, 4d occupies the posterior midline, pushing 4D ventrally
and 3A, 3B and 3C forwards. 3B thus comes to occupy an anterior position,
while the miecromere arc in front of 2d is lifted into a dorsal position. In
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Rhynchelmis, 4d is much smaller than 4D, the two cells being posterodorsal and
posteroventral respectively.

In the remaining yolky stem cells, 3A, 3B and 3C, further divisions are
equal, simply increasing the number of yolky cells ; and 4D now divides in the
same way. '

After the formation of 4d, the embryos of Tubifex and Rhynchelmis are
remarkably similar in general construction. Hach has (Figs 7, 8) : (i) ventrally,
a number of large yolky cells, the stem cells 3A-3C and 4D, forming a relatively
greater proportion of the whole in Rhynchelmis than in Tubifex ; (ii) postero-
dorsally, one (Tubifex) or two (Rhynchelmis) large cells in the midline, segregated
via 2d in Tubifex and via 2d and 3d in Rhynchelmis, surrounded anteriorly and
laterally by an arc of micromeres cut off from the stem cells as 1st, 2nd and 3rd
quartette cells by a similar series of divisions in both speecies ; (iii) posteriorly
in the dorsal midline, a large 4d cell, relatively greater in size in T'wbifex than
in Rhynchelmis.

The orientation of these cells relative to the major axes is attained in Tubifex
during cleavage. In polychaetes in which the D cell is disproportionately
large, there is a tendency for A and C cells behind the prototroch to be pushed
ventrally, and also for the posterior D cell, 4D, to be pushed ventrally as the
large 2d and 4d cells are formed, but the anterior part of the embryo in front of
the prototroch remains unaffected by this (Anderson, 1966a). In Tubifex,
these tendencies are exaggerated and in the absence of a prototroch, associated
with a large egg in a protective cocoon, they influence even the anterior end.
After the formation of the 1st quartette, the axial relations of the eight cells
are still as in polychaetes. Formation of a large 2d cell, however, displaces
the posterodorsal stem cell 2D posteriorly and ventrally. Formation of a large
4d cell accentuates this, pushing 4D into a ventral position. The B quadrant
stem cell is thereby displaced to the anterior end, so that 2b and 3b are cut off
upwards at this end, in front of 2d. Similarly, the A and C quadrant stem cells
are rotated forwards and upwards, and cut off 2a and 3a, and 2¢ and 3¢, nupwards
on the left and right of 2d. In this way, the B quadrant becomes anterior,
the D quadrant dorsal and posterior, and the A and C quadrants left and right
vertical respectively.

It can be suggested that loss of the prototroch is prerequisite to this new
pattern of modified spiral cleavage. While the prototroch persists (Polychaeta),
modifications associated with an increased size of 2d and 4d posterior to the
prototroch have little influence on cells anterior to it. With loss of the prototroch,
a new quadrant configuration, established during cleavage in Twubifex, becomes
possible. In Rhynchelmis, in association with a relatively greater yolk mass,
the new configuration develops directly.

Primitive cleavage in the Hirudinea

From a comparative viewpoint, the important feature of cleavage in primitive
leeches is its close similarity in every respect to cleavage in primitive oligochaetes.
In Glossiphonia (Schliep, 1914) and Theromyzon (Schmidt, 1917, 1925a), as in
the oligochaete Rhynchelmis, the quadrant orientation, B anterior, D posterior,
is established after the first two cleavage divisions, and subsequent divisions
proceed in a similar manner in the two species. In association with the large
size of the egg, 500-1000u in diameter in Glossiphonia complanata, 600y in
diameter in Theromyzon, the 1st cleavage division is unequal, although less
markedly so than in primitive oligochaetes, AB being only a little smaller than
CD. At the next division, AB divides equally into anterior B and left-lateral A,
while CD divides into right-lateral C, equal in size to A and B, and posterior D,
slightly the largest cell (Fig. 9). The parallel with Rhynchelmis is unmistakable
and continues into subsequent divisions.

The 3rd division is very unequal, a 1st quartette of very small cells being
cut off dexiotropically from the stem cells to lie in bilateral arrangement, dorsally
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on either side of the midline, 1a and 1d to the left, 1b and 1¢ to the right (Fig. 10).
As in oligochaetes, this division oceurs first in the D quadrant, then in the C
quadrant, with A and B lagging.

The laeotropic 4th division begins in the D quadrant. 1D divides into a
large but yolky-free dorsal cell, 2d, displaced at this stage to the right, and an
only slightly larger, but yolky, 2D cell lying posteroventrally and to the left.
The three remaining cells of the 2nd quartette are then cut off as micromeres.
2a on the left, 2b anteriorly and 2¢ on the right, around the 1st quartette, making
up a micromere cap (Fig. 11).

@ &
/l

Figs 9-12.—9, Glossiphonia, 4-cell stage, dorsal view. 10, Glossiphonia, 8-cell stage, dorsal view.
11, Glossiphonia, 16-cell stage, dorsal view. 12, Theromyzon, 19-cell stage, dorsal view. (After
Schliep, 1914 ; Schmidt, 1944.)

In the dexiotropic 5th division (Figs 11, 12), 2D, 2C, and 2A and 2B throw
off, in sequence, small 3rd quartette cells 3d, 3¢, 3a and 3b, which add to the
edge of the micromere cap. 2d also divides unequally, throwing off a small
cell 2d* on to the posterior edge of the micromere cap, the gister cell 2d? remaining
large, posterodorsal and displaced to the right, with 3D lying posteroventrally
below it and slightly displaced to the left. At the same time, the 4th division
is completed in the 1st quartette, whose cells divide approximately equally into
mid-dorsal 1al-1d* and adjacent 1a?-1d? in the centre of the micromere cap.

After the formation of 2d* at the 5th division, the embryos of Glossiphonia
and Theromyzon have the same general configuration as those of primitive
oligochaetes at a slightly later stage, namely (Fig. 12) : (i) ventrally, a number of
large yolky cells, 3A-3C ; (ii) posterodorsally, a large cell 2d?, slightly displaced
to the right, with a cap of micromeres anterior to it, cut off from the stem cells
as 1st, 2nd and 3rd quartette cells by a similar series of division in both species ;
(iii) posteroventrally, slightly displaced to the left, a large cell 3D.
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The only difference between this pattern and that of oligochaetes summarized
in the same way above is the lack of subdivision of 3D in leeches into posterior
4d and ventral 4D. The reason for this difference will be explained below in
terms which minimize its significance.

Primitie fate of the cleavage blastomeres in the Clitellata

As in polychaetes (Anderson, 1966a), once the cell 4d has been cut off in
oligochaetes from its stem cell, early in the 6th cleavage division, it becomes
possible to assign all blastomeres to presumptive areas of specific subsequent
fate. In primitive leeches, the cleavage blastomeres can similarly be assigned
to presumptive areas by the end of the 5th cleavage division. In both groups,
the pattern of presumptive areas is identical. Their most conspicuous feature
in comparison with polychaetes is simplification, associated with the absence of
presumptive larval organs. The areas comprise (Figs 13, 14, 18): (a) a dorsal
area of presumptive ectoderm ; (b) at the anterior edge of this area, in the dorsal
midline, an area of presumptive stomodaeum ; (¢) a posterior area of presumptive
mesoderm, incorporating presumptive germ cells ; (d) a ventral area of pre-
sumptive midgut.

In the absence of presumptive prototroch, the separation of presnmptive
ectoderm into anterior and posterior parts seen in polychaetes is not found in
clitellates. Presumptive ectomesoderm is also absent.

stomodaeum
midgut yolk sac

mesoderm

13 14

Figs 13-14.—13, presumptive areas of the blastula of Tubifex. 14, presumptive areas of the
blastula of Rhynchelmis. Diagrams based on data from authors listed in the text.

For oligochaetes, the designation of the above areas is supported by the work
of Penners (1922, 1924), Penners and Stablein (1930) and Meyer (1929, 1931)
on Tubifex, Penners (1929) on Peloscolex benedini, and Vedjovsky (1888-92),
Bergh (1890), Penners (1922), Swetloff (1923b) and ITwanoff (1928) on Rhynchelmis.
Peloscolex, as far as it has been studied, develops in the same manner as Tubifex.
Differences between Tubifer and Rhynchelmis occur only in the constitution
of the presumptive ectoderm.

Of the four areas listed above, two in oligochaetes correspond in every respect
to the homologous areas in polychaetes. The presumptive mesoderm is segregated
posteriorly in the single cell 4d which, before it assumes its definitive mesodermal
fate, throws off into the interior a pair of small cells, the primordial germ cells.
4d then divides equally bilaterally into M, and My, teloblasts which subsequently
bud off paired ventrolateral mesodermal bands (Figs 15, 16). The presumptive
midgut is segregated in the large, ventral, yolky cells 3A-3C and 4D. There also
appears to be a close correspoudence between the presumptive stomodaeal area of
oligochaetes and that of polychaetes. Especially in Tubifex, and perhaps also
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in Rhynchelmis, the anterodorsal micromeres which make up this area stem
mainly from 2b and 3b, while 3a can also be implicated in Tubifex (Fig. 7).
Although the area as a whole is displaced anteriorly, its similarity in relative
position and mode of segregation to the stomodaeal presumptive area of
polychaetes is conspicuous (compare Anderson, 1966a).

The presumptive ectoderm of oligochaetes is made up of one or, in
Rhynchelmis, two large, central cells surrounded anteriorly and laterally by an
arc of micromeres (Figs 7, 8). In Tubifex and Peloscolex, the single central cell,
the main product of 2d, divides equally bilaterally into a pair of cells, each of
which gives rise by further divisions to a transverse row of four ectoteloblasts
(Figs 15-17). 1In Rhynchelmis, the anterior central cell, the main product of 2d,

ectodermal
band

\

stomodaeu

yolk sac

Figs 15-17.—15, Tubifex, dorsal view of stage with paired M-cells. 16, Tubifex, posterior view of
stage during ectoteloblast formation. 17, Twbifex, left lateral view of stage after onset of
ectoteloblast activity. (After Penners, 1924.)

divides into a pair of cells which migrate laterally, while the adjacent, posterior,
central cell, 3d, divides into a pair of cells each of which divides again into three
cells in a transverse row with the large 2d cell at the end of it. The eventual
product in each case, although resulting from a slightly different series of divisions,
is a row of four ectoteloblasts on either side of the midline. Each ectoteloblast
now begins to bud off a row of small cells forwards (Fig. 17).

While the ectoteloblasts are forming, the arc of micromeres multiplies and
spreads (Figs 15-17): (i) back mid-dorsally, as a strip separating the two
ectoteloblast groups ; (ii) up towards the mid-dorsal line from its ends, behind
the ectoteloblast groups.

B
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The backgrowth mid-dorsally finally meets the upgrowth from the sides.
When this stage is reached, the following sub-areas can be distinguished within
the presumptive ectoderm : (1) the ectoteloblasts, incorporating presumptive
material of the prostomium and cerebral ganglia and the major part of the
ectoderm of the peristomium and trunk segments, and already beginning to bud
off this material as ectodermal bands; (2) the presumptive temporary yolk sac
ectoderm, mid-dorsally and laterally, later incorporated into the segmental
epithelium ; (3) the presumptive pygidial epithelium, incorporating presumptive
proctodaeum, posterior to the teloblasts. This sub-area, as noted above, has
a paired bilateral origin and is also of temporary yolk sac function at this stage.

In comparison with the presumptive ectoderm of the polychaetes (Anderson,
1966a, fig. 22), the presumptive mouth region ectoderm and telotroch are absent,
the presumptive anterior (prostomial) ectoderm is incorporated into the ecto-
teloblasts and all extrateloblastic cells have a new presumptive fate as temporary
yolk sac cells, although retaining a capacity for forming definitive trunk and
pygidial epithelium. The adaptation of the majority of the ectoderm to a
temporary yolk sac function is associated with the large volume of presumptive
midgut soon to be accommodated within the interior of the embryo. Deletion
of the telotroch, as of the prototroch, requires no explanation. Deletion of
distinet mouth region ectoderm and incorporation of presumptive prostomium
into the ectoteloblasts can be regarded as a simplification made possible by
advanced lecithotrophy, based on the ectoteloblast pattern of polychaetes.
The presumptive ectodermal pattern of oligochaetes is thus derivable from that
of polychaetes, completing the correspondence of all presumptive areas and at
the same time revealing a new presumptive area pattern of important comparative
value.

For leeches, while Schliep (1914) and Schmidt (1917, 1925a) provide the
data which illustrate the way in which the presumptive area cells become
segregated, their assignation to the fates listed above rests with the work of
Whitman (1878, 1887), Nusbaum (1884, 1885, 1886), Biirger (1891, 1902), and
Bychowsky (1921) on Glossiphonia and of Schmidt (1917) on Theromyzon, all of
whom described aspects of later development. Presumptive mesoderm is
segregated precociously in leeches into the cell 3D (Figs 12, 18), but the only
significant difference between this and the polychaete-oligochaete condition is
that presumptive midgut is eliminated from the D-quadrant. 3D divides equally
bilaterally into M; and M; (Figs 19-21), teloblasts which, as in primitive oligo-
chaetes, bud off paired ventrolateral mesodermal bands. The presumptive
midgut is segregated, almost as in oligochaetes, into 3A, 3B and 3C (Figs 19, 20)
of which the latter cuts off a small ectoderm cell 4¢ into the micromere cap before
assuming its definitive fate. The position of the presumptive stomodaeum
(Figs 18, 20) indicates that a major contribution is made to it by the anterior
cells of the micromere cap, 2b and 3b, as in Tubifex. The presumptive embryonic
ectoderm comprises a large dorsal posterior cell and the major part of the
micromere cap in front of it. The large cell, as in Twubifer, is the main product
of 2d and undergoes precocious division in the same sequence, equally bilaterally
into four ectoteloblasts on each side (Figs 19-21) which together incorporate
presumptive material of the prostomium, cerebral ganglion and the major part
of the primordial epithelium of the trunk segments, and begin to bud off eight
rows of small cells forwards, four on each side, as ectodermal bands. The
micromeres multiply and spread back, between and around the ectoteloblasts
and their products (Fig. 21), as in Tubifex, forming presumptive temporary yolk
sac, later to transform into segmental and pygidial epithelium.

There is thus no doubt that cleavage and presumptive area formation in
primitive oligochaetes and primitive leeches are fundamentally identical,
supporting the classification of the two together as a single group, Clitellata.
They can be interpreted as a particular modification of cleavage and presumptive
area formation in polychaetes, associated with enhanced lecithotrophy and direct
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embryonic development in a protective cocoon until numerous segments are
formed and the adult organization is well established. It will be shown below
that it is possible to argue in favour of the derivation of cleavage and presumptive
area formation in Onychophora directly from a clitellate-like condition, assuming
only further adaptation to increased lecithotrophy. Before pursuing this,
however, the stability of presumptive area formation, in spite of secondary egg
and cleavage specializations, will be displayed within the clitellates themselves
by reference to the earthworms and to gnathobdellid and pharyngobdellid
leeches.

Cleavage and presumptive areas in lumbricid oligochaetes

In earthworms, egg size is secondarily reduced, cieavage is modified and
little trace of the spiral pattern remains. Attempts to draw comparisons with
primitive oligochaetes and with polychaetes by means of the Wilsonian

Figs 18-21.—18, presumptive areas of the blastula of Glossiphonia and Theromyzon. Diagram
based on data from authors listed in the text. 19, Glossiphonia, postero-dorsal view of stage with
paired M-cells. 20, Theromyzon, dorsal view of stage during ectoteloblast formation. 21, Glos
siphonia, postero-dorsal view after onset of ectoteloblast activity. (After Schliep, 1914 ; Schmidt,
1917, 1925a, 1944.)

enumeration have therefore failed. The results obtained by Swetloff (1923a«,
1928) on cleavage in Bimastus and Eisenia, using this notation, served at the time
only to confirm the secondary specialization of earthworm cleavage, the bane of
earlier workers (Wilson, 1889 ; Vedjovsky, 1888-92), without elucidating the
mode of this specialization. The same results re-examined today, however,
tell a different story, since they show that in earthworms the presumptive areas











































































