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Abstract:
The chronological series of embryos were prepared according to Lundvall's modification of the van
Wijhe staining method with Shultze's well-known KOH clearing procedure.

The method used rendered the embryos transparent with the exception of the skeleton system. The
chondroid tissue retained the toluidin blue stain. The ossified tissue was distinguished by its granulated
appearance.

Nine consecutive stages of the embryos were studied to determine the cartilage dissolution and bone
replacement by the appearance and extent of ossification centers.

As the size of the embryos increased, more ossification centers were present and their growth was
noted# The order of appearance of ossification centers was determined# The youngest embryo studied
showed no ossification center whatsoever# The cartilaginous skeleton was well blocked out.
Membranous structures were present# The half centres had not fused nor had the sternal cartilages *
The largest specimen studied had nearly completed gestation# The skeleton was well developed though
considerable cartilage remained# These two embryos with seven in between stages were described to
show the successive states of development of the embryonic skeletal system. The degree of ossification
of single structures for each stage of the series was found.
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ABSTRACT

The chronological series of embryos were prepared according to
Lundvall's modification of the van Wijhe staining method with Shultze's
well-lmown KOH clearing procedure.

* The method uéed rendered the embryos transparent with the exception
of the skeleton systems The chondroid tissue retained the toluidin blue
staine The ossified tissue was distinguished by its granulated appearances.

Nine consecutive stages of the embryos were studied to determine the
cartilage dissolution and bone repiacament by the appearance and extent of
ossification centerse |

As the size of the embryos increased,‘more ossification ceﬁters were
present and their growth was notede The order of appearance of ossifica=-
tion éenters was determined. ‘

The youngest embryo studied showed no ossification center whatso=
overs The'cartliaginous skeleton was well blocked oute Membranous structe |
ures were presente The half centras had not fused nor hAd the stermal
. cartilagese

The largest specimen studied had nearly completed gestatione The
skeleton was well developed though considerable cartilage remained.

These tvo embryos with seven in between stages were described £o
show the successive states of development of the embryonic skeletal system.
The degree of ossification of gingle structures for each stage of the

+ - 8eries was found.
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THE DEGREE OF OSSIFICATION IN A CHRONOLOGICAL
SERIES OF GROUND SQUIRREL EMBRYOS

The problem of the complete development of ‘the embryonic bony

skeleton of the ground squirrel, Citellus richardsonii (Sab.), has received

no attention by research workerse Charles He Miller (13) has demonstrated
the cartilaginous skeleton of mammalian fetusese Alden Be Dewson (4) has
stained skeletons of cleared specimens with alizarin Red S. . Gordqn We
Richmond and Leslie Bennett (16) cleared and stained embryos for ossifica-
tion demonstratione Re We Cumley, Je Fe Crow gnd A+ Be Griffin (3) made
boné demonstration éf embryos also by using alizarin Red S. Despite the .
fact that considerable library research was done, no references were dis=- -
covered on the degree of ossification of the skeletons in a chronological
series of embryose -

The desirability of this problem was increased‘by the abundance of

Citellus richardsonii embryos* of all ages. Also, in the past few years -

there has appeared in the literature, several different technics in regard -
to clearing and staining skeletonse None of these included a report of
any attempt to stain the cartilage and to counterstain the bonee. Thus it

was necessary to combine procedures in order to prepare the material for

s tudy .

*The fetuses used were the property of Professor Milo Herrick Spauld=-
ing, Head of the Zoology department, at Montana State Colleges Much credit
is due him for his many helpful suggestions ir getting the material in shape
for studye - Also, appreciation is extended to Professor Ce Ae Tryon, who
gave valuable criticism and suggestions about thislwrite-up.



5=
o . ... PROCEDURE

- The chronologicai series of embryos were prepared according to
Lundvall's modification of the van Wijhe staining method. Shultze's weli—
.known KOH clearing procedure was used. ,

- In 1902, van Wijhe (13) demonstrated complete skeletons of small
embryos which had been stained in anilin dyes, especially methylene blue. -
He used xylol to render them transparent and Canada balsam for a mounting
mediume FHis success was bassd on the fact that cartilage takes the stain
intensely and retains it after the color has been extracted from all other
tissue by acid alcohol.

Two years later, Lundvall (13) introduced some improvements of the
van Wijhe meth;d making it‘more adaptable to larger objects. He used tol-
uidin blue instead of methylene blue for steining purposes. Benzol re-
placed xylol as a clearing reagent from which the embryos were transfer=-
red to carbon bisulphide instead of Canada balsam for mounting.

Charles A. Miller (13) found through experimentation that satisfac-
tory results could be obtained by combining Lundvall's stain with Shultze's
3 per cent KOH»clearing method.

In order to stain the ossified tissue, the Gloria Hollister bone
staining method (9) was used. Hollister obtained good results by adding
alizarin Red S stain to a KOH clearing solution. Thgs the clearing and
the bone staining processes went on simultaneously.

The procedure used on the embryos in this case consists of the
following steps:

The large embryos were eviscerated through a median abdominal
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incisione The brain was also removed in the larger embryos thfough ‘t:he‘t .
median frontal and parietal ﬁutures of the skulle This step was necessary
becaﬁse the brain and viscera do not clear in KOd solution.

Partial dehydrétion took place in a graduated series of alcohol
solutionse. The concentration of alecohol in the embryo tissues equalized
the 70vper cent alcohol of the cartilaginous staine This stain was made
according to Lundvall (1 grem Grubler's toluidin‘blue, 100 cc. 70 per
cent alcohol and 1 cc. concentrated HCl)e A week was required for the
toluidin blue stain to permeate the‘skeleton- |

- The embryos were then destained in acid'alcohol (0.5>cc. ECl to
100 oo 70 per cent alcohol)s This treatment proceeded until the color
was dislodggd from all tissues except the cartilage. This point was
jndicated by a blue=grey color of the embryos. A lighter color is not
desirable because some destaining occurs during clearing. -

Dehydration took place in 80 per cent aﬁd 95 per cent alcéhol before
the embryos were transferred to a 2 per cent KOO clearing solution to which
hgd been added 0.1 cce. alizarin Red S to sach 100 cc. KOHe The Gloria
Ho}lister alizarin Red S stain-consi;ts of 1 cce. éatufated solution of .
alizarin Red S, & parts of 50 per cent acetic acid, 10 parts glycerin,
and 60 parts of 1 per cenf chloral hydrate.

When the embryos had become quite clear, they were transferred to
20, 40, 60, and 80 per cent glycerin in distilled watere Firally they were
stored in pure glycerin to which had been added & few crystals of thymal to
prevent molding. Additioﬁal cléaring took place'in the glycerin,

The finished specimens were .transparent with the exception of the
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skeletal systeme The cartilage appears a deep blue. The bony tissue is |,
easily distinguished from the chondroid material by the yellow granualted
appearance.

The 3 cme specimen was collected this spring and was immediately
submerged in 95 per cent alcohole The bulk of the material was several
years old and had been fixed in Bouin's solution for seweral years. With
the one stage for comparison, it appears that material preserved in
alcohol took the stain and cleared better and more rapidly than the specimens
fixed in Bouin'é. | |

Further work coula be based on the power of absorption of alizarin
Red Se. erllister (é) advocates the use 6f alizarin Red S for fish bone
sfaining. Ossifi§ation centefs of the ground squirrel did not take the
- alizarin Red § as anticibated. Bony tissué could not Be mistaken because
of its different texture froﬁrthat of the cartilage. . »

Variations of the method describted above were tfied_on succeeding
series of embryos.

| Z‘If was found that increasing the KOH concentration of the clearing
solution décreased the}clearing time considerablye On the material used,
a 3 per cent and a 4 per cent KOH solution worked satisfactorily with no
évidence of maceration of the tissues Schultz had advocated the use of 2
éer cent KOH. | |
" The alizarin Red § in the KOH had a tendency to precipitate and it
was Qécessary several times to filter the solution and sgain add the pre-
seribed amount of dye. | |

Acting on a suggestion that pbtassium alum was a ﬁordant, the em=-
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bryos were placed in a 1 per §ent solution of potassium alum before stain-
ing. The‘results prbved to be negative. The embryos did not hold the
stain es well as those which had not undergone this treatment.

It was noted thét the anterior appendages took the stain better than
the p§sterior appendages and that the older embryos held it more readily

than the younger ones,

DESCRIPTION AND DISCUSSION

In the literature there are accounts of embryonic ossification.

Johnéon (11) has worked out the time end order of appearance of
ossification centers in the Albiro mouse, one of our most important
laboratory animels. Johnson stéined only the bone by using alizarin
Red S and clearéd the specimens by Shultz's KOH method. Johnson has
found that the first ossification cenfer appears in the clavicle and
that in an extremely short time twenty-five centers become apparent in
the skull, long bones of the appendageg, and the bones of the girdles.
Johnson also has compared the degree of ossificaiion of the Albin; mouse
to that of the rat done by Strong (18), Sparks and Dawson (17), and the
humen as studied by Malle She found that on the whole the order of
appgarance of ossification centers is almost the same in the three
senimalse With the exception of the tibia, which ossifies late in the
rat, the bones gf both the anterior and posterior appendages appear in
the same order in the mouse, rat, and man.

Sparks and Dawson (17)‘have made a detailad study.of the order

and time of appearance of centers of ossification in the fore and hind
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limb of the Albino rat, with special reference to the possible influence
of the sex factore They found that the centers of‘oséification of the
fore foot appear, in general, earlier, and at a more rapid rate than those
of the hind foot. Incidentally, it was determined in this study that the
females are in advance of the males in regard to the time of appearance

;f ossification centers, |

The time of appearance of ossification centers and the skeletal
development in the ground’squirrel is somewhat.different then either the
rat, mouse, or mane |

According to Johmson (11), the clavicle is the first bone to show
an ossification center in the mouse, rat, and men. In the ground squirrel.
the humerus is the first sfructure to show an ossification centgr. Also,
in this animal, the clavicle never undergoes chondrification. It isv
conposed of membranéus bonee |

In the case of the rat, affer the appearance of the first oésifica-
tion center in the clavicle, twenty-five centers become apparent in a
short time in the shull, appendages, and girdlee In the ground squirrel
after the appearance of an ossification center in the humerus, other
centers soon appear in the scapula and appendages. However, the 1nnominate
structure shows no indication of ossification until much latere.

According to Strong (18),‘the distal phalanges of the rat do not
ossify until after birthe The distal phalanges of the ground squirrel
show ossification at a comparatively early stages. |

Nine sfages of the series of embryos will be described. They show

the progressive appearance of ossification centers and the inorease in



dssification almost to the end of gestatione.

Table I, page 19, is a summary of the findings of this researche

I - 1.50 Ci4. SPECIMEN

The 150 cme specimen shows a comélete cartilaginous skeleton with
the exception of the membranous frontal, parietal and nasal regions, the
mexillaria superiores, and most of the mandiﬁle. The f;ontal region -
appears as two separate plateé on either side of the skulle. The parietal
region also is composed of two noanused platese The membranou; angulare
aﬁd dentale form the mandibles Meckel's cartilage could not be discerned.
The upper and lower jaws are widely sepdrﬁted and their halves have not
compietely symphysized.

' The vertebral colurm is well blocked out in cartilage and appears

as two rows of vertebral halves beneath the neural tube.

The cartilaginous ribs are in places

The ste;num appears as & pair of longitudinal cartilages.

The clavicle cennot be distinguished. Its presence may be hidden by
the mandible.

The bones of the appendages are blocksd out in cartilage. ' The hands

and feet appear as paddles.

II - 1.80 CM. SPECIMEN
The 1.80 cme specimen shows skeletal development in the followiﬁg
respects: |
The frontal plates of the slkull have grown closer togsether but are

not fused. The oceipital cartilaginous plates are divided. Meckel'
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cartilage appears as a core in the mandible and is connected with the eaf
proximally. - Distally the cartilage cores have not fusede ' The mouth has
decreased in size and has begun to assume the normal crescentic shape.
" The space between the half centras has decreaseds The wertebral

arches are still undevelopede -~ " v e DT un g

The paired cartilages of the sternum are more closely approximated
though no fusion has occurred.

Gegenbauer's theory (8) of the covering bone formation of the clav-
icle has been borme out in this worke The clavicle is the only bone in the
whole skeleton with the exception of the membranous skull;bones that does -

not gb through the chondrification processe It is composed of membrene
bones . i tiv oo e St Ty Tra fomer xo

As ossification center is present in the middle of the shaft of the

humeruse vapther siéns of ossification centers are evident in this spec-

E

imene.

Merginal indications of the digits have made their appearence.

-III = 2400 CM. SPECIMEN - = f
" The 2400 cme specimen shows the following advancements over the
younger stages: ' - T rredy
The membranous bones of the skull have increased in sizee. Only a
line of division between the frontal plates exists in this specimene The
cartilaginous occipitai plates are completely fusede. The upper and lower
Jaws are united at the point of symphysise.

The half cqntras are not fused. ‘The vertebral arches show some
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developmentes. .- .
~ A small ossification center is located proximal to the neck of the
scapulae -
. Ossification centers are apparent in each rib, distgl from the necks
No fusion has occurred in the paired cartilages of the sternume.
The ossification center of the humerus hes increased in size distal
to the deltoid creste | | |
Ossification centers in the radius and ulna have made their appear-
ance.
| Centers of ossification have appeared in the middle of the femur and
in the middle of the tibia and fibula.

The digits are more pronounced than in the former specimen.

IV - 2,50 CM. SPECINMEN
The 2450 cme specimen shows progressive development over the preced-
ing embryos in the following respects:
- The frontal plates of the cranium are completely fused.
The half centras of the vertebrae have begun to fuse although the
vertebral arches are still incomplete.
No fusion of the sternal cartilag;s has occurred.
" Ossification of the ribs has progressed laterally.
Ossification of the humerus is progressing.
The centers of ossification of the radius and ulna has increased.
No indication of ossification of the innominate bone is present.

‘The ossification center of the femur has enlarged.
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A greater amount of bone deposition has occurred in the tibia and
fibule than in the last described specimen.
The digits of the anterior appendages are more developed than those

of the posterior appendages, #lthough in neither is the separation.complete.

_ V =-300 CM, SPECIMEN |

The 3.00 cme specimen has developed further than the younger
sﬁecimens in several striking respectse | |

The membranous bones of the skull have growne. Meckél's cartilage - .-
has not become symphysized at the angle of the rami; cranially, it is
still cormected to the ear region.

The half centras are completely fused_énd the vertebral arches Aave
completed the vertebral ringe The vertebrae show norindication of ossifi-
~ cation.

'Relatively each rib shows the same amount of ossification. Less
than one quarter of the rib, laterally from the neck to the angle, has
been ossifiéd. | .

The sternal bars have fused caudallys Littermates show variation
in the degree of sternal fusion. In this particular litter, one showed
fusion only to the point of attachment of the third rib; in others the |
fusion was complete and only the xiphoid process appeared cleft.

The ossification center of the scapula is now a transverse band
ocoupying the niddle fifth of the bone.

- One=fourth of the shaft of the humerus, distal to the deltoid

crest, is ossified.
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The radius and ulna show a larger ossified area.

The carpus and manus and phalanges are completely blocked out in
cartilage and the digits are separated. No ossification centers are
apparente’ M

A beginning ossification center is apparent in the middle of the
i1liume This center in the innominate is the smallest and latest to_
appear of all the ossification centers in the main skeleton.

The intermediate one-fifth of the femur is ossified.

A middle ossified section of the tibia and fibula includes nearly
one-fifth the length.

,,'The digits of the posterior appendages are completely éeparafed. No

ossification has occurred in the tarsus, metatarsals, or phaianges.

Vi - 4;00 CM. SPECIMEN

ihe 4;00 cme specimen shows inoreased ossification over the’lgst'

described séeQimén. A S
o The conversion to bone of the cartilaginous primordial cranium is

noticeable in the temporal and occipital regionse The proximal end of
Meckel's cartilage is not continuous with the ear. ' Indications of -
degeneration of Meckel's cartilage are apparent slightly caudad to the
angle of the ramie.

Indications of cartilaginous dissolution appear in the centra of
the vertebraes. Definite ossification centers could not be distinguished

in the vertebrae of this specimen,

- More then one quarter of the rib hag been ossified.
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The :longitudinal cartilages of the sternum have fused with the
‘exception of the xiphold pfocess.
| Segmentation into definite sternebrae has occurred.
Slightly less than one quarter of the scapula has been ossifiede.
The ossification center of the humerus has enlarged and now includes
one-third the length.
‘Ossification centers are apparent in the middle third of the
radius and ulnae.
The distal phalangés have begun ossification.:
... With the exception of the ossified middle sixth of the ilium, the
innominate structure is chondrified.'
The intermediate one-fourth of the femur is ossified. :
“- The midd19 one-fifth of the tibia and fibula display ossified
construction,. ‘
Ossificgtion centers afe appafeﬁt in the;phalanges of the hind

foote

VII - 4,25 CM. SPECIMEN e
The 4.25 cme. specimen shows the following advancements over the
precedipg specimens
The latero-anterior end of Meckel's cartilage has definitely under-
gone degeneration.
| Ossification centers are apparent in the middle of the centra of

the lumbar vertebrae. The spinous processes of the cervical wvertebrae

are ossified.
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Inereased cartilage dissolution appear in the lateral ribe

The longitudinal cartilages of the sternum are completely fusede.

The intersternal dises of this specimen indicate cartilage dissolu-
tione.

There is no evidence of osseous tissue in this structure.

A slight increase in the ossified portion of ﬁhe scapula is apparent.
Ossification of this structure proceeds from the neck toward the vertebral
bordere

Ossification of the huﬁerus has proceeded proximally toward the
deltoid creste More than one-third of the humerus has undergone this
osgification process{

A slight increase in the amount of bony tissue in the femur, tibisa,

and fibula has taken places -

VIII = 450 CM. SPECIMEN

The 4,50 cme. specimen has attained the following advancements not
present in the younger Stages:

Meckel's cartilage shows increased retrogression. This process is
proceeding cranially.

The thoracic vertebrae show ossification beginnings in the centra.
The luﬁbar vortebrae show increased bone deposition.

Approximately one-third of the rib is Sony tissuee

Ossification centers are present in the sternum.

The scapula shows a larger ossified strip than in the former

specimen.



The ossified area of the humerus has increased %o approximately
two-fifths of its length. More than one-third of the radius and ulna is

composed of osseous tissue.

IX - 6,00 CM. SPECIMEN

The 6.00 cme specimen shows bony tissue which is not present in
the younger stages.

The bony membranous frontal and parietal regions have grown dorsally.

The covering.bongs of the mandible, dorsal to Meckel's cartilﬁge has
retrogradede The rami have undergone symphysise Meacksl's cartilage at
this point has not degenerateds A greater amount of ossification has
occurred in the occipital region than in the last described specimen.

The greatsst portion of the centra of the vertebraé, from the cer-
vical to the sacral inclusive show bone deposition. The articular pro-
cessos of the cervical vertebras, in addition to the spinous processes,
have been ossified,

About one-half of each rid has.undergone bony feplacemento

The intersternal discs have increased in bony tissue.

Ossification of one=half the séapula has progressed toward both
the glenoid cavity and the vertebral border.

Osseous deposition has progressed both proximally and distally in
 the humeruss Less than one-half this structure has remained chondrified.
A marked increase in the amount of osseous materialrin the radius

and ulna hag taken places Approximately two-thirds of each structure is
ossified.
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Increased ossification has occurred in the ilium.
More than one=-third of the femur has been replaced by bony tissue

© and slightly more than one-third the tibia and fibula.



SPECIMEN  VERTEBRAL |
SIZE COLUMN

Centras hal-
ved = arches
undeveloped
cartilage

1.5 Ciite

intoer-centra
space de~
creasing

1.8

2\ Clle

helf centras
have begun
\fusion

2.5 cme

half centras
"~ fused = ver=

tebral ring

complete

cartilage

4 cm. dissolution

ossification
of centra in
lumbar ver=-
tebrae

4,25 cme

centra of

thoracic ver-

tebrae ossi-
fied

4.5 Ch,

articular &
spinous pro=
cesses ossi-
fied

6 Ch,e

STERNUM

Cartilegine-
ous paired
sternal bars

ihter-s%er;
nal space
decreasing

fused
caudally

fused except
xiphoid.
Process

bars com=-
pletely
fused

ossificafion
centers
present

ossification
of interster-
nel discs
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TABIE I

TINE OF APPEARANCE OF OSSIFICLIION CENTER

RIBS .

cartilage cartilage

ossification ossifica-.
center pres- tion cen--

ent ter pres~
ent

ossification

increased

1/4 ossifiedvl/k,ossi-
fied

1/4 ossified 1/4 ossi-
: fied
'1/3 ossified

1/2 ossified 1/2 ossi-
fied -

SCAPUIA

HUNERUS

!

cartilage

small center
of ossifica=-
tion present

increased .
ossification

‘ossificetiéhﬁ

progressing

1/4 oséifiea L

1/3 ossified

2/5 ossified

= e b e

1/2 ossified

r

 RADIUS

ARMS *
Tcertilage Paddle
T shaped
begin sep-
aration
' ossifica-
~ tion cen-
" ter pres-
: ent

' increased develop-

. ossifica~ ing
* tion L
digits
completely
separated
i/3“ossi- ossifica-
fied tion center
. in phalan--
ges

- e e Y

',;_iyﬁ'ossi-

fied

' INNOMINATE =~ FEMUR

_cartilage ‘carfilage‘“

PR

TIBIA  POSTERIOR
FIBULA 1EGS |

_ cartilage paddle , .

- shaped

begin sep-
aration

ossification ossifica=-

center pre~
sent

tion cen-
ter pres-
ent

ossificetion ossifica- develop~

progressing tion pro-

ossifica- 1/5 ossi-
tion cen- fied
ter present .

1/6 iliwm 1/4 ossi-
ossified fied

1/3'ossi-
fied

ing
gressing
L/B ossi- digits
fied completely
separated
4bssifica-
tion center
in phalenges
1/3 ossi-
fied '
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GENERAL DISCUSSION

In this research the writer has found that the ossification and

developmental processes of the skeleton of Citellus richardsonil vary

from the processes in the rat, mouse, and man.
. Ag mentioned earlier in this article, the first ossification center

in the embryo of Citellus richardsonii appears in the humeruse In a little

Jater stage ossification centers are present in the ribs, scapula, radius
end ulna,vfemﬁr and tibia and fibulae An ossification center is not
present in the pelvic’ girdle until the 3 cme stage. Ossification centers
are apparent in the distal phalanges, also in the 3 cm. stage.

. The elavicle in Citellus richardsonii never becomes chondrifieds

It is composed of bony membrenes . -

-+ Johnson (11) -has found that the first ossificatiqn,center appears
in the clavicle and that in an extreﬁely short time twenty-fiv; centers
appear in the skull, long bones of the appendages and the bones of the
girdles. Jommson found by comparison that the ossification of the main
skeleton of the Albino mouse, the rat, as investigated by Strong (18),
Sparks and Dawson (17) and the human showed the same order of ossification
centerss With the exception of the tibia, which ossifies late in the rat,
the bones of both the anterior and posterior appendages appear in the same
order in the mouse, rat end man.

According to Strong (18) the distal phalange of the rat does not
ossify until efter birth. It thusbbecomes apparent that the ossification
process procedes differently in the ground squirrel, rat, mouse and man.

The distel phalanges of Citellus richardsonii show ossification
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centers at a comparatively early fetal stages In contrast, Strong (18)
has found that ossification centers are not apparent in the rat until
.afte: birthe.

In the ground squirrel, the clavicle composedof‘bony membrane and
consequently never shows a cartilaginous constituencyo; Iﬁ the man, rat
and mouse, the clavicle is the first cartilaginous structure to show
ossification. In the ground squirrel, the humerus is the first bone to
show ossificatione.

- In the man, rat, and mouse after the first appearance of an ossifica=-
tion center in the clavicle, twenty-five centers soon appear in the skull,
girdle and appendagese | |
| In the ground squir;el, the imnnominate structure shows no ossifica~
tion until after ossification centers have appeared in the appendages and

the pectoral girdle.
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SUMMARY AND CONCLUSIONS

The order of appeérance of ossification centers in Citellus richard-

sonii was determined for the main skeleton.

The skeleton is firsf blocked out in cartilage with the.exception of
the membranous clavicle, mandible (except Meckel's cartilage), brain
capsule and the face, and maxillaria superiores structurese The chondroid
meterial gradually dissolves end a bony substance is secreted in its place.
This process is gradual and the changes were noted in the progressive
series of embryose 6ssification centers begin on the edge of the middle of
a bone and gradually increase to include a complete section of bone.

The first center of ossification was noticed in the humerus of the
1.80_cm. specimene The 2.00 c¢m. specimen showed small ossification centers
in the ribs, scapuls, r;dius and ulna, femur, and the tibia and fibula. An
ossification center of the ilium was first observed in the 3.00 cme speci-
mene fhe 600 cme specimen (the oldest) has nearly completed gestation.
The ossification process has developed since the youngest stage but consider-
able cartilage remains. This order of appearance of ossification centers
differ from the order in the mouse, rat, and man in:which the clavicle is
the first to oséify and is followed in an extremely shoft'bime by ossifica-
tion centers in the skull, appendages, and girldes.

The bony replacement process procedes more rapidly in the anterior
skeleton than in the posterior portioﬁ, that is, ossification of fhe
humerus begins in the 180 cm. specimenes Indications of ossification of
the femur are first apparent in the 2.00 cme. specimene In the 6.00 cm.

specimen, one-half thb humerus is ossified and only one-third the femur.
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Of the maiﬁ skeleton the innominate structure is the last to begin

ossification. ~ In the mouse, this structure ossifies no later than the

appendages.

Littermates show variation in the degree of development of the
skeleton. The variation in one litter included sternal fusion all the

way caudally from the level of the third rib to the xiphoid prooess. ﬂ s

"+ .. The half centras fused before the paired cartilages of the sternum.
The left and right plates of the skull fused beforeveither ehe4half centras
or the sternal cartilages. . | . o

‘. '+ Gegenbauer's theory (8) of the bone covering formation of the
clavicle hae been shown in this worke The f1rst appearance of the’ clavicle

is in bony membrane forme In the rat, mouse and man, the clavicle is the

firet chondrold structure to show an ossification centere.

o oL s
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DESCRIPTION OF PLATES

PLATE I.
Lateral view of 3 cm.
Ventral view of 3 cme.
Ventral view of 3 cme

Lateral view of 4 cme

PLATE I1I.
Lateral view of 6 cme

Ventral view of 6 om.

gpecimen X 2.
specimen X 3.

specimen X 3.

specimen X 1 3/4.

specimen X 1 3/4.

specimen X 1 3/4.
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