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THE EARLY DPEVELOPMENT OF THE VERTE-
BRAL COLUMN OF THE ALLIGATOB.‘

Groree M. HiceINs, Kxox COLLEGE

This study upon the early development of the verte-
bral column in the alligator was made upon the collec-
tion of vertebrate embryos in the zoological laboratories
of the University of Tllinois. Successive stages of young
alligators, ranging in length from 6 mm. to 30 mm., were
sectioned transversely; and the attempt was made to
determine the origin of those mesodermal clements which
contribute toward the formation of the vertebra, as well
as their subsequent relation to each other in this for-
mation. Reconstructions in wax have been made of the
developing vertebra in the caudal, sacral, lumbar and
thoracic regions of the various stages; SO that careful
comparisons could be made within these areas. This pre-
liminary report will concern itself with the earlier dif-
ferentiation only, and the more complete discugsion will
follow in a later paper.

Tn an embryo 6 mul. long, the entire skeletal support -
rests in the notochord, a fibrous rod-like structure which
lies ventral and parallel to the central nervous system.
At this stage those colls which comprise the chorda are
already migrating toward the periphery, 80 that a more .
or less indefinite epitheliomorph layer may now be iden-
tified (Fig. 1.) Asa result of this migration, large vacu-
oles have appeared within the chorda, some of which
measure fully one-third the diameter of the notochord
itself. Tmmediately external to the-epitheliomOrph layer
ig a rather prominent deeply stained notochordal sheath,
which, in the alligator, is not dif_ferentiated into two
layers as is true for the Tlagmobranchs and Tehthyopsida
in general. In these embryos this sheath is a relatively
thin layer, and under a magnification of 700 diameters it
presents a fibrous appearance. Tt would further appear
that this notochordal gheath is probably not a product
of the tissue external to the chorda; but that it may arise
from those cells within the notochord itself, and possi-
bly as a gecretion from the epitheliomorph layer.



branous vertebrae, are derivatives of the median wall
of the lateral myotomes, which Iie between the Spinal
cord and the external body wall. Unfortunately, I have
“been unaple to secure any sufficiently early stages which
show the migration of these scleroblastic cells; but, fol.

that all of the cells of the lower half of the medial plate
of each myotome are potentially scleroblastie, During
the process of the migration these cells come to be ar-
ranged into very definite groups which occupy charac-
teristic positiong along the notochord and the spinal cord
(Fig. 2.) ' :

In the earliest embryo of my series, thege groups or
masses of scleroblastic cells are definitely locateq in po-
sitions along the dorso-lateral ang ventro-latera] margins
of the notochord. These groups may be readily recog-

stage, to recognize eight such cell groups within ‘each
body segment, all of which are concerned in the develop-
ment of the definitive membranoyg vertebra. Of thege
vertebral elements, foyr lie upon each side of the noto-

the chorda, (Fig. 3.)

Since the segmental blood vessels, which courge up-
ward from the dorsal aorts within the dissepimentg
between suceessive somites, afford an excellent megng
for the identification of the limits of egach body segment,
it is possible to designate thege eight vertehral elementg
by such terms ag characterize their position in the seg- -
ment, A'ccordingly, upon that basis, thoge elementg
 which lie more anterior in each Segment may he desig-
- nated as cranial ang those mosgt posterior as caudal.
Furthermore that element which ig cranial and lieg along
the upper margin of the notochord may be called a
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cranineural; while the more ventral one, because of its
association with the blood vessels, would be known as a
cranihaemal element. On the same basis, then, the more
posterior of these elements in each segment would be
designated as the caudineural or the caudihaemal de-
pending upon its dorsal or its ventral position. These
_ terms were suggested by Professor J. §. Kingsley, with
whom the writer frequently conferred during the inves-
tigation. Thus it is evident that each body segment
would be characterized by a pair of cranineurals, a pair
of cranihaemals, a pair of caudineurals and a pair of
caudihaemals. This method of identification is entirely
satisfactory, because it not only affords an accurate de-
termination of the position of each element, but it also
does away with the use of such terms as pleurocentrum,
hypocentrum and arcualia, the homologies of which are
o uncertain. : ,

In addition to the segmental blood vessels which mark
the limits of body segments, each cranineural and caudi-
neural bears a very definite relation to the nerve roots
of the spinal nerve. Passing backward through a seg-
ment, the order of sequence in the position of these parts
is as follows. Just posterior to the segmental blood
vessel 18 the ventral nerve root; this is followed by the
cranineural, the ganglion of the dorsal root, the caudi-
neural, and the next succeeding segmental blood vessel,
each in the order indicated. The cranihaemal and the
caudihaemal of each segment lie along the ventro-lateral
margin of the notochord, but in approximately the same
plane as do the corresponding neural elements. (Fig. 3.)

Qchauinsland (1906) in his description of the develop-
ment of the vertebral column of Sphenodon, describes
the single sclerotome or mass of seleroblastic cells upon
each side of a body segment. Subsequently, by means of
sagittal and frontal gections, he was able to demonstrate
a transverse cleft in each gelerotome; 80 that the terms
cranial half-sclerotome and caudal half-sclerotome were
- employed to designate the resulting parts. Unfortu-
" pately, in this study, frontal and sagittal sections were
not available, and such transverse clefts as Schauninsland
describes were not identified in my material. -



PAPERS ON BIOLOGY AND AGRICULTURE 215‘

Jm_mediately following the formation of the eight ver.
tebral elementg there occurred g fusion of the two eranial
elements tpon each side, ag wel] as of the two caudal
elements, Ip each case cells of the cranineuralg and
caudinenralg grow ventrally to meet the eells of the
cranihaemals ang caudihaemals; 80 that as a regylt four
vertebral components may now pe identified within each
segment, Partially following the terminology of Schau-
“insland, the term cranial part-sclerotome ig employed
to designate the fused cranineural and cranihasmal com-
ponent ;" while the term caudal part-sclerotome likewise
identifies the fused caudineural ang caudihaemal com-
ponent. Since the caudal vertehraj component in each
case ig considerably larger than the cranial, the term
part-selerotome geems more adequate in itg designation
than the term half-sclerotome of authors,

Following the fusion of the original vertebra] elementg
to form part~selerotomes,\ as above described, there oc-
Curs a subsequent fugjon of these part-selerotomes to
form entire sclerotomes within which the definitive mem.
branous vertebra will later arise. The fusion of thege
part-sclerotomeg ig affected as follows, The caudal part-
selerotome, considerably larger than the cranial, extends
somewhat dorsa]wa,rds, and reaching more posteriorly

~comes to unite Wwith the small¢r eranial part-sclerotome
of the next posterior segment, Thus it g evident that
entire sclerotomeg are formed, not by the fusion of part-
sclerotomeg within g segment but rather by a fusion
of part-sclerotomes of adjacent segments.  So that
selerotomes come to alternate in their position with the
myotomes from which the trunk musculature ig to arige;
affecting-thereby the alternate relationg of vertebrae and
muscles in the adult condition, Dorsallyfthese selero-
tomes extend to the level of the Spinal ganglia, while
ventrally each reaches downward & very short distance
from the notochord, (Fig. 4.)

“In an embryo 7 mm, long, three parts of the above
described sclerotome may be identified. The upper more
narrow portion, which lieg adjacent to the spinal cord,
is clearly the first stage in the development of the mem-
branous neural arep. Likewise, the lower or haemal por-
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tion is as clearly the beginning of the membranous hae-

mal arch; while the larger intermediate area, & probable
derivative of the original cranial element, will contribute
largely toward the primary centrum of the vertebra.
At this stage, also, a rapid cell proliferation has occurred

~ between the bases of the haemal Processes along the

ventral surface of the notochord and form a series of
hypochordal bars which are to form the lower portions
of the primary contra. (Fig.5.) :

Tt is very evident that the scleroblastic cells compris-
ing the sclerotome are clearly of two kinds. Those cells
which compose the areas of the developing neural and
haemal arches are spherical and contain very large and
deeply stained nuclei; while those of the primary cen-
trum as well as those cells which comprise the hypo-
chordal bar are strikingly oval or sp'mdle—shaped and
are more closely applied to each other. As yeot the
scleroblastic cells do not appear in the area between the
notochord and the gpinal cord, 80 that the primary cen-
trum is incomplete in that region. Since the primary
centrum in the alligator is formed entirely external to
the motochordal sheath, a considerable contrast exists
between that condition which maintains within the Klas-
mobranch fishes and certain other Chordates. In these
latter groups, openings occur in the notochordal sheath,
through -which the scleroblastic colls may enter the
chorda and form the primary centrum within it. But
in the alligator, at this stage, these centra appear as &
geries of membranous Tings, incomplete dorsally, which
lie just external to the notochordal sheath and in the
game transverse plane as do the neural and haemal mem-
branous Pprocesses. These centra are geparated from
each other by wide spaces, into which scleroblastic cells
will later migrate and which will subsequer tly be known

as the intercentra; SO that the notochord presents at .

this time a very characteristic moniliform appearance. i

These sclerotomes, together with the hypoohordal bar,
constitute the beginning of a membranous vertebra. -
(Fig. 6.) At first, in all the regions of the body, the

lower or haemal processes lie in approximatel:y the same

transverse plane as do the neural pProcesses; but in the
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sacral and the caudal regions, it would appear, however,
as though the haemal procegs had shifted toward the
anterior margin of the segment. Ag g result, in thege
posterior regions, thig ventral part of the sclerotome lieg
Just posterior to the segmental blood vessel and adja-
cent to the ventra] root of the spinal nerve, Tn this stage
these haemal processes are more elongate in the tail
where they extend ventrally to g position latera] t, the
caudal artery gnq vein. In the region of the trunk and
thorax, however, they are greatly reduced and appear
only as mere rudiments; while in the neck, there ig no
evidence whatsoever of any haema] Process,

In an embryo 10 mm. long, a furthep migration of the

constituent celly of the notochord has taken place, so -

that a clearly defined epitheliomorph layer is produced.
As a result {he vacuoles are relatively larger than pe.
fore. The notochordal sheath ig relatively thicker than
before, and under higher magnification itg fibrons com-

position is more evident,

A marked increase in the relative thickness of the pri-
mary centrum ig apparent at thig stage. Differentiation
of the cells hag resulted in the formation of two distinet
layers, the nner one of which lies jugt external to the
notochorda] sheath. Thig inner layer ig composed of the
long spind]e—shaped cells which characterized the earlier
primary centrum, and i+ extends entirely aroung the

“chorda connecting the bageg of the neural areh Processes
beneath the spinal cord. The outer relatively thinner

layer ig composed of larger Spherical scleroblastic cellg

similar to thoge of the earlier part~sclerotome; and they
are evidently g product of thege part-selerotomeg to-
gether with additional eellg from the original myotomes,

In addition to these primary eéntra, primary intercen.
- tra may now pe identified. Cells, which comprise the Jat-
ter, have apparently arigen from the original sclero.

along the notochord, forming g series of intercentra
which alternate with the successive Primary centra,
These intercentra, which lie opposite the original go.
matic myotomes, differ from the centry in the absence of

" tomes, and have migrated anteriorly ang posteriorly
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the inner layer; but are composed entirely of the larger
spherical cells. '

By a further proliferation of the cells of the membran-
ous neural arches, the origin of which occurred in the
earlier stage, and by a further addition of cells from
the myotome, the entire gpinal cord is at this 10 mm.
stage covered dorsally and laterally by a continuous
membranous structure. Openings, of course, occur for
the exit of the spinal nerve roots and for the inclusion
of the dorsal ganglion within each gegment. This struc-
ture, although continuous, i8 much thinner in the inter-
vertebral regions, since the cartilaginous vertebrae are
to arise in the position of the original gelerotomes.

e first appearance of a cartilage vertebra may be
identified in this same 10 mm. embryo. Tn the approxi-
mate position of the original caudal part-sclerotomes 0
the trunk region, the cells of the mermbranous gelerotome
have transformed into 2 procartilage neural arch which
rests upon the inner layer of the primary centrum, This
procartilage neural arch oxtends dorsally and slightly
posteriorly, and. terminates just back of the upper mar-
gin of the dorsal ganglion. The lower or haemal arches
appear as mere stumps in the trunk region, but in the -
tail these structures are much longer than before and
nearly encirele the caudal blood vessels. However in
neither region 18 there any evidence of a procartilage
formation within these lower processes. Nor has such
a transformation yet occurred within the primary cen-
trom. ~ So that the vertebral column of a 10 mm. alligator
may be said to be composed of a geries of independent
procartilage neural arch processes which rest npon the
membranous primary contrum and lie along the lateral -

“aspect of the spinal eord. 3 ‘

A. further consideration of the later development of

the column will appear in a gubsequent paper. 4
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EXPLANATION OF PLATE,

Fig. 1. Cross section of a notochord of an alligator embryo, 6 mm.
long.

Fig. 2. Diagrammatic sketch of the myotomes in the trunk region of
a 6 mm. embryo, showing the origin of the scleroblastic cells.

Pig. 3. Side view of the notochord and the spinal eord of a young
alligator, showing the pogition and arrangement of the
vertebral components. ) . ’

Fig. 4. A gingle pair of sclerotomes, which show their position ang
their relation to the notochord and the spinal cord.

Fig. 5. A ventral view of the notochord, showing the serieg of hypo-
chordal bars in the trunk region. . - e

- Fig. 6. Neural arch and haemal arch formation, and their connection

with the hypochordal bar. ’
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