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Tur skull in this low group of placental Mammals (FHutheria) is of great interest,
and, knowing this, I have lost no opportunity, for many years past, of procuring
specimens of all sorts, and of all ages and stages. The native kinds, namely, the
Hedgehog, Mole, and Shrew, form perhaps, on the whole, as instructive a group as
could be found anywhere ; they are related, and yet distantly, and the Mole comes in
well between the generalised Hedgehog and the very specialised Shrew.

I have been able to follow the Hedgehog and the Mole through a large series of
stages, and the Shrew in four—so that these native kinds will now have the history
of their skull fairly written out. But the exotic kinds of Insectivora do not yield a
jot, In interest, to those familiar to us here; these I have been less fortunate in
procuring. Yet I think that I can now offer to the Society a sufficiently detailed
account to serve, by the help of the more exhaustive account of the skull in the
native kinds, to give a clear idea of the morphology of the skull in the more important
Families of this most instructive Order.

Any chance of my ever staying my hand from working at the Insectivora, and
getting to work at other Orders, has simply arisen from failure of further materials,
as to embryos and early young, so absorbing did the study of these types become.

The materials® for this present paper have largely poured in during the last three
or four years ; although I have been collecting, as opportunity has served, for a long
time, many of my specimens have been waiting for twenty years, and some were
prepared forty years ago.

Yet I feel now, more than ever, that any attempt at working out the morphology
of the Mammalian type of skull would have been premature if I had not devoted
much time to the lower types of skull seen in the oviparous Vertebrata.

* My hearty thanks are due to my friends for these, namely, to Messrs. CARPENTER, CUNNINGHAM,
Dosson, Givruer, Warrsr Hears, T. Rueerr Jones, J. MurraY, R. Masor, Norcars, PeNrosE, SouTH-
WELL, G. WEsT, and Professor MOSELEY.
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For although, of necessity, none of these lie directly below the Mammal, yet they
are of great profit to the student of Mammalian descent, when the mask of their own
particular specialisation has been removed, and that which is essential to the Verte-
brate is seen in each “ platform,” lower and still lower, so as to help the mind to form
some useful, if inadequate, idea of the lost types that did underlie, and indeed give
rise to, the existing Mammalia.

The Common Hedgehog, besides being more easily obtained than most kinds, is,
I feel certain, one of the most generalised types in the Order: it has escaped further
from the Metatherian border than some (e.g., Rhynchocyon), that nevertheless show
much greater signs of advance towards the higher Eutheria. Thus the various
characters seen in Erinaceus are none of them so low as some to be seen in the type
just mentioned, whilst none are so high as others. On the whole I look upon this
genus as most normal, for the Order itself, as well as a good instance of a low FEutherian
type, with which to compare any of the higher and more specialised kinds—a sort of
useful supra-marsupial norma.*
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The following are the stages worked out in Erinaceus europeus :—

First Stage. FEmbryo of Erinaceus europeus, about two-thirds ripe ; 1% inch
long.*

Second Stage. The same species, about three-fourths ripe; 2% inches long.

Third Stage. New-born young of the same species ; 2% inches long.

Fourth Stage. Young Hedgehog, two weeks old, or thereabouts; 3 inches
long.

Fifth Stage. Young Hedgehog, about a month old ; head 1} inch long.

Sixth Stage. Young Hedgehog, two-thirds grown.

Seventh Stage. Young Hedgehog of first winter.

Eighth Stage. Adult Hedgehog, nearly, or recently—not old.

First Stage of Erinaceus europseus ; embaﬂyo two-thirds ripe; 1L inch long.
(Plate 17, figs. 1, 2.)

In this solid little embryo, with the ¢ panniculus” formed, the prickles beginning
to project (Plate 16, figs. 8, 9), the chondrocranium (Plate 17, figs. 1, 2), is no longer
pure cartilage.t

a. Duissected endocranium.

The floor and sides of this skull-bairge are well formed, except that large cracks or
fissures show themselves below ; it is almost as fully formed of cartilage as that of a
young Skate of the same size, but shows some very remarkable modifications that are
diagnostic of the Mammal. For instance, the nasal capsule runs along the whole
extent of the rostrum, or intertrabecula. The sides of the barge-like structure have
given way, right and left between the ear and the eye, or between the auditory capsule
and the orbitosphenoid (0.s.); thus the alisphenoids are squeezed, as it were, outside
the rest of the structure, as if part of a wall should bulge out and break away from
the ““ coping-stone.”

To those two characteristics I may add the extensive plate of perforated cartilage
(“ cribriform plate ) for the multitudinous nerves proceeding from the * rhinen-
cephala.”}

This irregularly pyriform chondrocranium is a very extensive and complex structure,
through the union, with the cranium, proper, of the fore and hind sense-capsules.

* In all the measurements I exclude the tail, unless it is specially mentioned ; the length is from the
snout to the root of the tail, the length of the head and body, separately measured, being added together.

t In my next instance—the Mole—I shall give an account of that earlier stage, before any bony
deposit has appeared. (See Plate 25, figs. 1, 2.)

I The only other type that shows a cribriform plate is the Myzinoid (see Phil. Trans., Vol. 174,
Plate 17, fig. 4, p. 401); in that case, however, only five nerves pass out on each side, through a
perforated membrane.
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The front pair, or olfactory capsules, are half the length of the skull (fig. 17, al.n.,
al.e.) ; the hind pair, or auditory (chl.), take up much of the skull in its hinder part,
aborting, by their implantation, a large amount of the inferolateral walls in front of
the occipital arch. The roof is so largely open, when the investing bones have been
removed, that the sides and base can be studied as well from the upper, as from the
under, face.

On the under face of the skull (fig. 1) I have figured three bones of the vomerine
series, although they belong to the investing bones ; this is because of their peculiar
relation to the olfactory capsules, and especially the parts called “JAcoBsoN’s organs.”

Beginning at the snout (fig. 1, al.n.), we see that the external nostrils (e.n.)
are at present inferolateral in position, being seen better on the lower (fig. 1) than
on the upper face (fig. 2). Their direction is oblique, and they are extensive open
spaces. The rounded and emarginate fore end of the snout is followed by the coils
that surround the nostrils, which widen out and are marked off by a groove; behind
these coils, the snout enlarges on the under surface into two large flaps, that meet
in the middle at an obtuse angle, which, however, is cut away, so to speak, and made
acute by the sinuosity of the selvedge of the flaps. Here the labyrinth has its walls
pinched in, before it expands to form the swollen olfactory or ethmoidal region. The
margining hind flaps of the snout are only partially free, yet they overlap (or rather
grow under) the two pairs of cartilaginous growths into which they are developed,
backwards. The outer pair of cartilaginous growths simply form the general wall of
the capsule, here called aliseptal (al.sp.); the sides of the capsule which are con-
fluent with the septum nasi, above (fig. 2), are tucked under, below ; and inside their
edges another tract of cartilage is seen of, apparently, the same width as this arrested
floor. This submarginal tract is the inferior turbinal (i.th.) and is really very exten-
sive, as we shall see in the sections (Plate 18); it arises as a longitudinal outgrowth
from the inner face of the outer wall, and is half the length of the entire labyrinth

There are also two submesial cartilages, three-fourths the size of the inferior
turbinals ; these are retral developments of the snout, and I call them simply the
“recurrent cartilages” (rc.c.); they are, however, very important, being the proper
‘capsules of JacoBsoN’s organs. These tracts only partially close in above, forming a
sort of trough in which the organs of Jacosson lie. They are elegant, somewhat
sigmoid, long, revolute leaves of cartilage, with their convex face looking outwards
and downwards.

Each leafy part is supported by a bone, the form of which they dominate, so that
each tract is also hollow on the face that looks towards the curved inner edge of the
cartilage ; 1t lies on the inside, back to back to its fellow : these are the front, paired
vomers (v.), and answer to the paired vomers of the Snake and Lizard among
Reptiles.”

% In the two latter these paired vomers are very curiously modified, and have over them an extra pair
of bones (septo-maxillaries), the two bones on each side forming a capsule to the organ of Jacossow,
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Between these front paired vomers, the proper azygous vomer (v.), which only appears
in highly specialised types—as Teleostei, Chelonians, certain Birds, and Mammals—
passes its fore end between and above the paired bones, and then becomes carinate
to rest upon the hard palate ; it widens behind to support the olfactory capsule, where
are developed the so-called “middle turbinals.”

The aliethmoidal, or the olfactory region (al.e.), is divided right and left into a
large antero-superior lobe and a small postero-inferior. The latter contains the
hinder part of the middle turbinal folds (m.tb.), and the former the whole of the
upper, and the fore part of the middle turbinals. A deep, sinuous valley is seen
between this bilobate swelling, right and left, and the great orbitosphenoidal wings
(0.s.), whilst, laterally, the cranium is narrowed behind the lateral ethmoidal region,
and then swells out still more in the orbitosphenoidal. All the sinuosities of the
lateral outline of the endocranium are gentle and very elegant ; there are several in
the auditory and occipital region, where the ““stern ” of the barge-like skull narrows in.

The nasal labyrinth, on its lower aspect, shows some of its complexity through its
fissures ; where the floor of the capsule is bound by the vomerine forks {n.f., ».), there
it is seen to run forwards, right and left of the vomer, as a spike of cartilage.

This will be seen in its full size in the sections; I have called it the “ precurrent
cartilage” (see fig. 8, pe.c.); it may reach the recurrent cartilage (rc.c.), as in Orycteropus ;
here, however, it does not quite reach it. In the hooked angular space between the
larger and lesser swellings of the ethmoid the foremost outgrowth of the middle

-turbinals (m.th.) can be seen.

Between the forks of the vomer the basicranial beam shows itself; here it is com-
posed of all the three prepituitary rods, trabeculee, and intertrabecula ; its anatomical
names here are perpendicular ethmoid (p.e.), between the forks of the vomer ; pre-
sphenoid (p.s.), for a short distance behind the forks; and basisphenoid (b.s.) still
further back, where it is perforate ; a primary, oval, pituitary opening being left at this
part. Right and left of that space we see the ‘“sphenoidal fissure,” which allows a
number of cranial nerves to escape—third, fourth, part of the fifth, and the sixth.

The great orbitosphenoid (0.s.) has its moderately broad base or proximal part
divided off from the presphenoid merely by an inferior groove ; it curls round behind
the ethmoidal masses (al.e.), widening, expanding, and becoming convex. Nearly
half-way towards the outer margin is seen the optic foramen (II.), which lies nearer
the hind than the front edge of the band. The free upper edge of the orbitosphenoid
(0.s.) is not seen in this figure (see fig. 2), but it can be seen that the wide upper part
is continuous with the nasal capsule (al.e.) in front, and with the supra-auditory
region of the side wall of the skull (s.a.c.), behind.

In this early vegetative state of the endocranium there is something very flower-like
in its various parts, both as to their shapes and their development. Right and left of

which is only partly supported by the feeble, and sometimes detached, recurrent cartilage. The fact is
that these curious and enigmatical organs dominate different skeletal parts in different types.
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the widening skull-beam (6.s.), now becoming parachordal, and also osseous, there is a
large leafy growth, a broad petaloid, ear-shaped tract; this is the free, outlying
alisphenoid (al.s.). This “wing” is broadly falcate, the handle being made by the
cutting away of its proximal part to widen the sphenoidal fissure ; the blade has its
antero-external, sharp edge equal to a quadrant ; its point is somewhat rounded ; and
its back, looking towards the auditory capsule (chl.), is gently concave. This hinder
wing does not quite reach to the margin of the continuous skull-wall (o.s., s.a.c.)..
Half-way from the pituitary opening (py.) to the edge, and nearer the hind than the
fore margin of the wing, we see the jforamen ovale for the third branch of the
trigeminal nerve (V3.), but there is no separate passage, as yet, for the second—the
foramen rotundum.

One-third of the hind margin of the alisphenoid is ossified ; the bony matter forms
a selvedge both to the foramen and the hind edge of the wing. Also behind the
pituitary hole there is a pyriform ossification as large as the two alisphenoidal centres
together; its broad fore end is perforated—part of the pituitary space; this bone is
the basisphenoid (b.s.).

Behind this bone the basis cranii shows three wide convex tracts, margined by a
lesser concavo-convex tract, right and left. The least convex of the three main parts
is cut away, so to speak, right and left, in a perfect semicircle, by the more convex
masses, each margin being bevelled down to a sharpish edge. This region is the
““gpheno-occipital synchondrosis,” which gradually becomes less and less until the basi-
sphenoid bone (b.s.) meets the basioccipital (b.0.).

The large swollen part and the lesser sinuous margins, right and left, both belong to
the auditory capsule, the inferior surface of which is well displayed in this aspect. The
cochlea (chl.) shows three coils, in front of which there is a fissure through which vessels
pass, and also the 7th nerve, which runs inside the eave or outer thickening of the ear--
capsule under the tegmen tympani (¢.ty.). That archway is ended by the epihyal
(e.hy.) in its confluence with the opisthotic region of the ear-capsule, and under it the
7th nerve (VII.) runs, and behind it this nerve escapes ; its exit is through the stylo-
mastoid foramen, and before its exit it gives off its returning fork, the chorda
tympani. In front of the epihyal the fenestra ovalis (f5.0.) is seen, behind it the
fenestra rotunda (f7.), and inside that the enlarged fissure for the 9th and 10th
nerves (IX., X.) _

Behind this cranio-auditory chink, the occipital arch is perforated a little nearer the
mid-line, for the hypoglossal nerve (XII.), and behind the epihyal that arch has a
definite paroccipital thickening of an oval shape.

Here the lateral ossification (e.0.) has taken up much of the tract between the par-
occipital swelling and the condyle (oc.c.); it reaches the condyloid foramen (XIL.).
The enlarged cartilaginous tracts, right and left, that form the condyles give the hind
margin of the basis cranii an emarginate outline; into this emargination under the
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foramen magnum (fn.) the notochord (nc.) still projects. It is embedded in the
middle of a roughly pentagonal bony plate, the basioceipital (b.o.).

The structure of this fundamental and most instructive skull will be still better
understood by referring to the upper aspect (fig. 2).

Here the snout (al.n.) is seen to be much shorter than below, and partly pinched oft
from the next or intermediate nasal region, the aliseptal (al.sp.), which, in turn, passes
a little suddenly into the enlarged olfactory region, proper, the aliethmoidal (al.e.).

Here all is finished, the crested intertrabecula being confluent with the nasal roofs
throughout their whole extent ; a peculiarly Mammalian structure. The hind margin
of the double labyrinth, above, is elegantly bracket-shaped, the proper roof ending
thick-edged, in front of the huge lozenge-shaped, perforated, secondary roof, or cribri-
form plate (cr.p.). The partition wall, septum nasi (s.n.), in front, and perpendicular
ethmoid (p.e.), behind, is, at first, scarcely apparent, above ; then in the aliseptal region
it thickens out considerably, and the tract between the upper turbinals does this again,
but to a lesser degree. This top of the wall thickens out in front of the cribriform
plate, to fill in the space between the retiring roof; it then, in the rhinencephalic
fossa, narrows considerably, to swell out again as the presphenoid (p.s.). The perfora-
tions for the olfactory merves are simply countless, two crescentic rows lie back to
back, close to the septum, and then about five more valleys, full of holes, run forwards
and inwards from the postero-external margin of the great fossa, On a higher level
than this valley full of holes are the roots of the orbitosphenoids (0.s.) which are not
so broad as the basal beam from which they arise, the presphenoidal region (p.s.) ;
these frond-like growths of cartilage run up to, and beyond, the most bulging part of
the skull in front, and form a good floor and wall to the region of the fore-brain.

Confluent with the edge of the cribriform plate in front, they are free behind, and
have a thrice-notched margin there; their selvedge looks upwards, and, in front,
melts into the general ethmoidal roof ; whilst, behind, it is continuous with the large
pterotic or supra-auditory crest (s.a.c.), which in turn passes insensibly into the
supraoccipital (s.0.). The roof of this skull, therefore, although open, or only covered
by the investing bones, rests upon a complete rim of cartilage, from the top of the
perpendicular ethmoid, in front, to the middle of the supraoccipital cartilage, behind.

But the mid-brain rests upon the bulging, broken wall of the hinder sphenoid, and
the alisphenoidal plate, right and left (al.s.), is seen, in this view, away from the eye
and partly hidden by the orbitosphenoid (0.s.). Down in the floor we see the optic
passages (IL.), the sphenoidal fissure for various nerves (V%2), the foramen ovale (V3.),
and the fissure between the cochlea (chl.) and the alisphenoid, through the inner part
of which the internal carotid artery enters. ‘

Then in the auditory capsule itself the sieve for the 7th and 8th nerves (VIIL,
VIIL); between the capsule and the skull the posterior lacerated foramen for the 9th
and 10th nerves (IX., X.); and through the contiguous exoccipital tract the proper

foramen for the hypoglossal (X1L.).
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Likewise we see the three posterior sphenoidal osseous centres (al.s., b.s.), the three
lower centres of the occipital arch (e.o., b.0.), and, also, the two upper centres that form
this subsequently single keystone piece or proper supraoccipital (s.0.)—as distinct
from the interparietal which may coalesce with it.

Over the auditory capsule the pterotic band (s.a.c.) is notched ; behind that notch,
looking downward, we partly see the recess under the arch of the anterior canal for
the ¢ flocculus cerebelli.”

Visceral arches of Furst Stage.

The mandibular arch of this stage (Plate 22, figs. 1, 2, ml., mk., b.mn.) is a remark-
able structure, being composed of both an outer and an inner “ramus.” Part of the
epibranchial element of the first arch will afterwards be described as the pterygoid
cartilage, the only remnant of the huge overgrowth of this part seen in Selachians.
The quadrate region is greatly masked in this case—that of the Mammal—for the
orbital process or ““ pedicle” is suppressed, and the small pterygoid remnant is far off,
forwards, whilst the small reduced quadrate segment is thrown into the same line,
along the under face, as the large, well-developed lower segment, the ceratobranchial
element, or articulo-Meckelian rod. Moreover, comparing the upper segment (incus
or quadratum) with that of a Newt we see that its attachment to the skull is simply
by the ““otic process,” close in front of the ampulla of the horizontal semicircular
canal. Also this segment turns inwards below, behind its articulation with the free
mandible, and has a narrow-necked, dilated process to articulate with the dilated
remnant of the extrastapedial (the flat face on the head of the stapes).

The articular region of the endocranial mandible is already a ‘ malleus,” and
already the ¢ processus gracilis” is there as a delicate ectosteal plate under the neck
of the malleus, where the long, rounded part, or MECKEL'S cartilage, begins. The
special development of the Mammalian skull, with its much-tilted, auditory capsule,
and closely-fitting lower face, makes that hinge vertical, which is horizontal in all the
Oviparous types. A short process on the inside of the cartilaginous malleus answers
to the ““ posterior angular process ” of the mandible of the Bird ; whilst the ““internal
angular process” of the Bird, especially that of the Fowl-tribe (Gallinacez), is largely
developed, but tethered to the centre of a radiating plate, and acted upon by one
special mandibular adductor muscle, now called the ¢ tensor tympani.” The rim of this
radiating plate is becoming cartilaginous, and is part of the jointed, cartilaginous
lining of the ear-passage (meatus), but is ready to become bone, even now ; it does
quickly become the “annulus tympanicus.” Here, at present, the mandible, proper,
or MECKEL’s cartilage, becomes more and more solid, forwards, and somewhat flattened ;
it is well-nigh equal, at this stage, to that of a Selachian. It becomes alate or dilated
near the end, and then, in a peculiarly Mammalian manner, unites with its fellow, and
the two are finished off in front by a long basimandibular spike (figs. 1, 2, b.mn.).

But this huge main rod already lies in a groove on the inside of a rapidly ossifying
MDCCCLXXXYV. s
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cartilage, which has, already, the form of the maxilla nferior of a Mammal, for the
coronoid, condyloid, and angular processes (cp., cd.p., ag.p.) are present, although not
yet ossified. The rest of this superficial tract will be described in the palatal aspect
of the skull as the glenoidal facet for the articulation of this superficial and secondary
mandible. |

The pharyngohyal element of the 2nd arch is already specialised into a stapes by
growing as a ring to the stapedial artery, which traverses the auditory capsule exactly
where this little, free nucleus, formed in the topmost part of the hyoid facial fold, is
fitting itself into the secondary fenestra of the auditory capsule much as a Bird’s
femur sets itself into the widely-perforated ¢ acetabulum.” The next or epihyal tract
(ehy.) is already confluent with the auditory capsule (Plate 22, fig, 3, e.hy., au.), close
below the ampulla of the horizontal canal ; the facial nerve (VIL) runs under the
bridge formed by this junction.

The ceratohyal (c.hy.) is divided through its middle, but is continuous with the
epihyal above ; and this tape-like structure divides again near its base, developing a
short subcrescentic segment, the hypohyal (h.hy.).

The dilated, semicircular basal element (b.h.br.) rather belongs to the 8rd, or 1st
proper branchial arch than to the hyoid ; it carries not only the hypohyals, but also
the thyrohyals (¢.hy.), short out-bent, thick-ended rods, that articulate with the
thyroid cartilage, and are the distal remnants of the abortive 8rd visceral arch.

When once we are well assured of the points just given, all the rest of the
Mammalian facial metamorphosis becomes easy to follow, and the “new things” thus
produced become the most valuable diagnostics of the normal Mammalian face and
jaws. o
Amongst the low Eutheria no better type than this can be found ; as a Mammal, the
Hedgehog is very normal, yet it is much less specialised than several of its congeners,
especially our other native Insectivora.

First Stage (continued).— Vertically-transverse sections.

This stage will now be illustrated by a complete series of vertically-transverse
sections through all the tissues of the head.

Lst Section (Plate 18, fig. 1).—This is in front of the septum and catches the pro-
jecting parts of the alee nasi (aln.), and the openings of the external nostrils (e.n.). -

2nd Section (Plate 18, fig. 2).—This is close behind the external nostrils in the
narrow beginning of the nasal passages (n.p.). The septum here (s.n.) is but little due
to the fore part of the crested intertrabecula, it is mainly formed by the confluence
of the alinasal folds (a/.n.), back to back. This projecting part of the snout is grooved,
above and below, through this union of the convex faces of the cartilages, which have
made a partition thick above and thin below. Close to the openings of the nose the
alee are most complete at the sides, and the lower parts are tucked in where they
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support, the lower part of the deep uncinate chink, the nasal passage (n.p.). Over the
out-turned hook of the section a mucous crypt, one of the many small distinct nasal
glands (m.g.), are formed between the cartilage and the Schneiderian membrane.

8rd Section (Plate 18, fig. 8).—This is from the hind part of the mobile, rooting
snout, and here the upper lips begin to show themselves as depending lobes, the
hollow of the palate now being more definite. Here the intertrabecula is as round as
in an embryo Bird or a Shark ; but here there has taken place what is not seen in the
projecting part, the “rostrum,” in those very diverse Ovipara, namely, that the
alinasal folds (a/.n.) are confluent with the foremost part of this precranial rod, which
now takes the name of septum nasi (s.n.). Here each nasal tube is surrounded by
cartilage, the alinasals having developed each into an almost complete tube, the lower
part of which projects downwards far below the low wall of partition ; the two folds rise
again, back to back, although they do not touch. Each sweeping fold of cartilage is
indented infero-laterally, in correspondence with the form of the nasal passage, which
is now trilobate ; a mucous crypt (see also fig. 2, m.g.) is seen outside the upper lobe.

In several sections, between this and No. 2, the lower part of the alee nasi had
joined back to back, and the whole snout was thus confluent in all its parts and
formed a complete double tube, or non-segmented proboscis ; sections of other types
(Mole and Shrew) well show this.* '

4th Section (Plate 18, fig. 4).—This is from behind the flexible snout, and now the
investing bones, most of which were removed from the endocranium (Plate 17, figs. 1, 2),
are seen in section as thin films of bone. The solid intertrabecula, with its crest, and
the confluent aliseptal folds of the nasal labyrinth (al.sp.), now form a strong septum
nasi (s.n.). The alee are now free at their lower edge, but are enlarged there into a
pedate process, which thrasts the lining skin inwards as a rounded lobe, looking
downwards ; this is the first appearance of the inferior turbinal (i.th.)—its fore end:
The lower parts of the cartilage, towards the middle, are now free from the base of
the septum (s.n.), their section is a hook, the lamina just bending outwards, then
inwards, below, turning round to support JAacoBsoX’s organ (j.0.); here seen at its
fore end. 7

These curious submesial retral outgrowths of the ale® nasi are the “recurrent
cartilages ” (rc.c.). - Between these are the front paired vomers (v".), the bony part of
this locally modified skeletal structure ; they converge below, and are thin uncinate
splints (see Plate 17, fig. 1, v').

The enlargmg nasal passage (n.p.) gives off from its main, vertical part, two outer,
and one inrer, “ horn,” the latter turning mwards, below ; here and there a mucous
crypt is seen.

The nasals (n.) and the premaxillaries ( px.) now come into view. Below, the fore
part of the lower face is cut across, in front of the dentary, but through the basi-
mandibular cartilage (b.mn.), here nearly circular in section, a tooth-pulp (¢) is cut

* The dotted line in fig. 2, shows where the cartilage is complete in the next section.

s 2
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across on each side of the cartilage, and in the lower skin the bristles show their
bulbs.

5th Section (Plate 3, fig. 5).—Here the septum (s.n.) is deepening, and its intertra-
becular base is less bulbous. The nasal labyrinth has thicker walls, and besides the
expanding rudiment of the inferior turbinal (z.tb.), further up, the pointed fore end of
the nasal turbinal (n.th.) is cut across; a crypt is seen below it, and below the
inferior turbinal. The skeletal parts that protect JacomsoN’s organs (j.o., re.c, v.")
are larger here, and the cartilage forms a complete tube for a short distance; above
are the nasals (n.) ; at the sides, the bony lamine belong to both the premaxillaries
(pw.) and maxillaries. '

Below, the basimandibular cartilage (b.mn.) is depressed; close in front of the
Meckelian rods, right and left, a tooth-pulp (z.) is seen.

6th Section (Plate 3, fig. 6).—The septum (s.n.) is now much higher, and the bulb at
the base much less ; the side wall is very thick, for here the nasal turbinal inside
(al.sp.) is beginning to clear itself of the wall ; below it the inferior turbinal rudiment
is still seen. Here and there a mucous crypt is seen, and here JAcoBsoN’s organ
(J.0.) lies in a fold of the recurrent cartilage (rc.c.), behind the closed part, and behind
the front-paired vomers. The nasals and maxillaries (n., mx.) now show more clearly,
and the latter are developing the diplog, and are giving off the palatine plate.

Below, the dentary (d.) appears, outside the distinct large oval section of each
Meckelian rod (mk.).

Tth Section (Plate 3, fig. 7).—This section shows several new things. The deep
septum (s.n.) is cut through at the junction of the septum nasi, proper, and the
perpendicular ethmoid, the part that becomes solidly ossified in Mammals, in the true
olfactory region. Under it the median vomer (v.) is seen, and JACOBSON’s organs
are small at this their hind part. The nasal passages (n.p.) are now becoming very
complex or labyrinthic ; this is due to the greater development of the various turbinal
folds, now that the section is through the proper olfactory region. The nasal turbinals
(n.tb.) are, here, sharp and turned outwards at their free edge, whilst at the sides the
wall is giving off new buds, and the inferior turbinal (:.¢b.) is dying out. A remark-
able free cartilage (m.tb.), oval in section, is seen in the principal cavity, covered with
a mass of tissue, like the rest of the mucous and submucous lining. This is a
process which grows forwards from the lower part of the labyrinth, from the region of
the middle turbinal. It is large, here, but much larger in Orycteropus (see Plate 15,
fig. 1), in which T have called it the precurrent cartiluge (pc.c.). The vomer (v.), the
nasals and maxillaries (n.,mx.) are well seen here.

8th Section (Plate 18, fig. 8).—In this partial section the labyrinth is cut through
just in front of the great olfactory fosse ; the perpendicular ethmoid (p.e.) has a
submoniliform outline, due to three successive bulgings. The rudiments of the
turbinal outgrowths are seen here, namely, the upper and middle turbinals
(u.th., m.th.), and outside the latter, and just distinct from it, the thick trihedral
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mass—the precurrent cartilage (pc.c.) at its hind part; in the next section (fig. 9)
it forms the front projecting part, inwards, of the middle turbinal (m.td.).

The vomer (v.) is here cut through its middle, where it is roughly carinate;
afterwards, this part will rest on the palatine plates of the maxillaries. These bones
(ma.) have here developed a large alveolar cavity, and a tooth-pulp is seen in the
alveolus ; the nasals have their place tuken by the frontals (). In the last, and in
this, the mucous crypts (m.g.) are abundant, especially below. The large oval section
of MECKEL'S cartilage (mk.) is now overgrown with the diploé of the dentary (d.),
which also is developing an alveolus, with its tooth.

9th Section (Plate 18, fig. 9).—Here another partial section is given through the
forepart of the eye-ball (e.), and the middle of the rhinencephalon which is giving off
its fibres through a mainly membranous cribiform plate (¢r.p.). Here the septum (p.e.)
is much lower, and beneath it the vomer (v.) is beginning to divide into its hind forks.

The folds of cartilage are, here, confluent, so that the nasal passage is now in several
sections, and at the lower part a section of the space is growing towards the cavity
of the other side ready to form the proper nasopalatine canal.” The maxillaries
and dentaries (ma., d.) have here large alveoli with their tooth-pulps; the superficial
bone, above, is the widening frontal.

10th Section (Plate 18, fig. 10).—This is another partial section, made through the
middle of the eye-ball (e.), and the hind part of the nasal labyrinth, with the huge
olfactory lobes (rhinencephala) overlying a membranous ecribriform plate. The nasal
wall now forms a protection to the “fossa,” and beneath the floor (n.f.) the cartilage
runs pearly up to the low dividing wall (p.e.). Here the labyrinth is reduced to
two passages (n.p.), besides the common nasopalatine canal (m.p.c.) at the mid-
line, below. Here the forks of the vomer (v.) are cut across, and at this part the
maxillary meets the palatine ( pa.) on the palatal floor ; outside, the former bone (m.)
shows its large alveolar plates, as does the dentary (d.), below. At this part the
frontal is in reality in two pieces, as the next stage will show; the orbital plate being
separate from the upper part (f).

11¢h Section (Plate 18, fig. 11).—This section is through the back part of the eye-
ball (e.) and the front third of the hemispheres (C'«.). Here the true cranium comes
into the section, for the basal beam is now the presphenoid ( p.s.), and the wall right
and left is the orbitosphenoid (o.s.). '

The back of the olfactory labyrinth (n.w.) is cut through, and these limited tracts of
cartilage lie between the two regions of the anterior sphenoid (o.s., p.s.), and are con-
fluent with the basal mass. So, also, is the orbitosphenoid confluent, above, with the
top of the olfactory wall (see Plate 17, figs. 1, 2). The relation of the orbital plate of
the frontal (f)) to the orbitosphenoid (0.s.) is well seen here; below, the bones of the
palate are thick tracts, dividing on their inner edge into an upper and a lower plate to
embrace, and protect, the nasopalatine canal (n.p.c.); these are, now, the ptery-

goids (pg.).
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Below, outside the tongue (fg.) and mouth cavity (m.) the compound lower jaw is
seen to be composed of three tracts of cartilage and two of bone; the latter answer
to the dentary and splenial, but these are not actually separate bones, at this
part. Then there is MECKEL'S cartilage, or the primary mandible, and two points of
cartilage belong to the superficial cartilaginous “ ramus.”

12th Section (Plate 18, fig. 12).—Here the razor has cut through the anterior
sphenoid (p.s.), continuously, missing the small optic foramen (see Plate 17, figs. 1, 2,
0.s., p.s., IL), most likely cutting in front of it. Thus the cranial cavity and membranous
cranium is'more than half engirdled by this tract ; the upper deficiency is, at present,
only partially made good by the frontal bone. Here we encounter cartilage right and
left, below the flat presphenoid (o.s.), for the pterygoids are cut through here, and
they are largely preformed in cartilage (see in next stage, Plate 17, fig. 3, pg., pg.c.).
These bones only form a wall, on the right hand, and on the left, to the nasopalatine
canal (n.p.c.), and do not form a bridge, beneath it, as the palatines do. The mandible
is growing up, here, towards its coronoid process, above, and its angular process (ag.p.),
below ; the inner rod (mk.) lies in a groove of the ramus, near its lower part.

18th Section (Plate 18, fig. 18).—This section will be understood if reference is made
to the dissected skull (Plate 17, figs. 1, 2). The basis cranii is cut through at the hind
part of the presphenoid (p.s.), just where the basisphenoidal region begins. Here the
two trabeculee are cemented together by the wedge-like end of the intertrabecula.
The Jarge sphenoidal fissure is cut through, and several nerve-bundles (V.) are
seen in the interspace; because of the sinuous form of the margin of the orbito-
sphenoid (0.s.) that cartilage is cut through twice, immediately in front of the ali-
spheroid, which lies in a lower plnne. The bulk of the pterygoid is still cartilaginous,
and so is the “ramus” of the mandible (d.) at this part, where the coronoid and
angular processes (cr.p., cd.p.) are cut across; MECKEL'S cartilage (mk.) forms a
large oval section at this part, and the dentary is spreading over it ; the frontal (f) is
seen outside and above the orbitosphenoid (o.s.).

14th Section (Plate 18, fig. 14).—This is a very instructive section and should be
compared with the dissection of the same and of the next stage (Plate 17, figs. 1, 2, 3).
The cranial cavity with the included brain (C'%.) is here very large, and the basal part
of the skull is cut through where the floor is incomplete (b.s., py.), so that we have
here the exact form of the trabecule behind the intertrabecula; they are oval, with
the long axis horizontal. On each side, in a deep fossa, the great Gasserian ganglion
(V.) is seen, supported by the alisphenoid (al.s.) which lies outside and below the
general plane of the skull floor and wall ; it is ossified at its postero-external margin,
and its hollow upper face forms the floor of the trigeminal fossa. The orbitosphenoid
(0.s.) is narrowing towards its posterior band, and it is supported outside by the orbital
part, of the frontal (f.), which runs far down into the hind part of the orbit, almost

touching the alisphenoid.
Two rods of cartilage, oval in section, but with their long axis vertical, are seen
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under the basis cranii and protecting the narrow nasopalatine canal (n.p.c.); these
are the pterygoids (pg.c.) in their unossitied free part (“ hamular process”). Outside,
and below, we see a part of the squamosal, its zyomatic region on the jugal (j.) ; and
inside it the glenoid facet (gl.c.) is cut along its whole transverse extent. A little
below it a section of cartilage appears, thick above and below and narrower in the
middle ; this is the main part of the great superficial slab, a segment of which is
given off to form the glenoidal facet. The upper part is the condyle of the lower
jaw (cd.p.), the lower is part of the angle (ag.p.); the inside of the cartilage is
becoming bony ; in the concavity, on the lower part of the inner side, MECKEL’S
cartilage (mk.) is still full-sized. '

15¢h Section (Plate 18, fig. 15).——Here the fore brain (C'%) is cut through near the
infundibulum, but the pituitary body (py.) is seen as a large separate quasi-glandular
mass resting upon the basis cranii near the beginning of the parachordals or investing
mass (b.s.). These are flattish and ovoidal in section, the interspace between them
being the primary pituitary space at its hinder part. On the side, the orbitosphenoid
(0s.) is still seen as a cousiderable band of cartilage ; this is near the junction of the
frontal (f.) and parietal bones. The Gasserian ganglion (V.) is cut across in its
hinder part, and the razor has caught the cochlea (above ¢.c.) in its fore margin. This
is behind the hinge of the secondary mandible, and through the part of MECKEL's
cartilage where the bony lamina that forms the ossifying centre of the malleus (ml.)
has appeared. Outside this the postglenoid part of the squamosal (sq.) is seen, and,
between the two, the foremost part of the tympanic cavity (c.ty.). The internal
carotid artery (i.c.) is seen entering the skull between the cochlea and the basi-
sphenoid (b.s.), and under it the Eustachian tube (eu.) is laid open as it is passing
towards the fauces or back part of the oval cavity (pha.); it opens into that cavity
between this and the last section (fig. 14).

Under this tube the cartilaginous lining of the first cleft is seen to extend {eu.c.);
this Eustachian cartilage is the innermost part of the partly segmented cartilaginous
tube which expands externally as the ““ concha,” and which, in the part next outside
the Fustachian cartilage, becomes ossified, early, as the annulus tympanicus.

Four arterial branches are seen, here, cut obliquely across, one of them close beneath
and outside an oval section of cartilage, the ceratohyal (c.hy.). The one above it is
that part of the “common carotid ” which gives off the ¢ stapedial artery, to inosculate
with the artery of the lower jaw.

At the mid-line, below the palatonasal cavity, the pharynx is laid open, and right
and below it the hypohyal cartilages (h.hy.). Outside and in front of the cerato-
hyal the chorda tympani (VII%)is cut across, and outside and below these the main
facial nerve (VIL.).

16th Sectron (Plate 18, fig. 16).—This is through the widest part of the hemispheres
(C'«), and also cuts across the large glandiform pituitary body (py.). Several large
nervous masses are cut through-(VIIL., VIL.), close to the top of each cochlea (¢/l.). The
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basisphenoidal cartilage (.s.) has a film of bone in it above and below ; its outer edges
are beginning to coalesce with the cochlea, which are laid open. The orbitosphenoidal
band (0.5".) is still large, and is separated by a large space from the inferolateral parts.
The processus gracilis has still a solid cartilage lying on it (ml.); outside this is
the postglenoid part of the squamosal. The meatus auditorius externus is partly
laid open, and the Eustachian cartilage (m.c.) is still seen under the cavum
tympani (c.ty.), which is here still partly the Eustachian tube. Beneath the
middle of these parts the epihyal (e.hy.) is cut across, and outside it the chorda
tympani (VII<), with the main facial nerve (VIL) lower down, is exposed. The
larynx is below the pharynx (lx., plhx.), and there is seen a film of bone outside,
the ramus (d.) ; a part of the cartilaginous framework of the larynx is seen in section.
17th Section (Plate 18, fig. 17).—This is another important slice, showing many
things. It is in front of the junction of the orbitosphenoid with the crest on
the top of the auditory capsule; the cochlea (chl.) is near its widest part, it is just
in front of the proximate coil. 'We are now behind the great trigeminal nerve, with
its roots, ganglion, and branches, but the nerves proceeding from the ganglion geni-
culatum (VIIL., VIII.) are cut across, and the facial nerve (VIL.) has entered its
“aqueductus.” The same nerve (VIL), and its inosculating anterior branch, the
chorda tympani, are seen outside the epihyal (e.hy. VIL).* Here the great meatus
externus (m.a.e.) is fairly laid open, and it is seen to be lined with cartilage
throughout ; it is indeed one more or less segmented tube, from the opening of
the Eustachian tube, within, to the conchal expansion, without. The pituitary
body (py.) is cut through in its hind part; the malleus, or dilated end of MECKEL’S
cartilage (ml.), is partly seen, its head and the tip of the manubrinm (mb.); the
rest of that process is indicated on the right side by a dotted line. The archway
over the facial nerve (VIL)is the fore part of the tegmen tympani, inside the head
of the malleus. The postglenoid part of the squamosal is seen, and on right and left
of the pharynx (pha.) the hypohyals (h.Ay.). :
18th Section (Plate 18, fig. 18).—This section is through the basis cranii where
the sphenoidal (b.s.) and occipital regions meet. The orbitosphenoidal cartilage has
here passed into the supra-auditory (s.a.c.), where this great crest is continuous with
the top of the auditory capsule. The left side of the figure is from a point in
front of the right, so that this section serves instead of two. 'The left side is
through the base of the cochlea (cAl.), but in front of the cavity of the vestibule.
The cartilage lining the meatus externus (m.c.) is seen both in the outer opening and
under the dagger-shaped section of the cavum tympdni (c.ty.); a small cavity at
present lying in the midst of a mass of indifferent tissue. The solid cartilage of the
“pterotic” region, close in front of the anterior semicircular canal (see the other
side a@.s.c.), is not perforated until we come to the beginning of the aqueductus for
“the facial nerve (VIL), which is cut across twice on the right side, both where it

* The lines are misdirected in this part of the figure.
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perforates the capsule, and where it begins its course under the tegmen, which is
imperfect here in its front part. At some distance below this auditory eave the
head of the malleus (ml.) is seen in section along the whole course of the
manubrium on the left side. Under the tympanic cavity and its cartilaginous floor
the epihyal (e.hy.) and its accompanying nerves, the chorda tympani and facial trunk
(VII*, VII.) are seen cut across, and the hypohyal and thyroid cartilage (h.hy., lx.)
at the mid-line, below. On the left side the cartilage above the cochlea (chl.) is
perforated by the facial and auditory nerves (VIIL.), and the right side has part of
the anterior canal (a.s.c.) visible.

There the tegmen is perfect, and the main part of the incus and its long crus is cut
through, the manubrium mallei (ml.) appearing beyond and below it. The hyoid and
its nerves are similar to what is seen on the other side, for the obliquity of this
section is very slight.

19th Section (Plate 18, fig. 19).—This partial section is one of the most important
in the series. The parietal (p.) is seen outside the pterotic or supra-auditory cartilage
(s.a.c.), but the squamosal which was seen in the last (fig. 18) is not figured. The
arch of the anterior, and the ampulla of the horizontal, semicircular canals (a.s.c., h.s.c.)
are cut through, besides several other spaces in the vestibule and proximal part of the
cochlea. The wall of the cochlea is cut through in front of the band of cartilage that
divides the fenestra ovalis from the fenestra rotunda, a band which in the Sauropsida
is uniformly ossified by the opisthotic centre; in Mammals that centre is much more
potent, and may, as in the next instance (Talpa), ossify nearly all the proper capsule.
The auditory nerve and its ganglion (g. cochleare, VIIL.) are seen in the meatus
internus, and externally the stapes (st.) by its base fills the fenestra ovalis. The
articular part or head of the stapes, which was nearly in view inside the long crus of
the incus on the right side of the last section (fig. 18) is now cut clean through, and
the stapedial artery (st..) is seen traversing the foot-hole of the stapes, on its way to
the inside of the maxilla inferior. This section is at the back part of the meatus
externus, and at the end of the tympanic cavity, so that here the epihyal (e.hy.) is
seen already confluent with the hind part of the tegmen ; the foramen stylo-mastoideum
is laid open and the facial nerve (VI1I.) is seen running downwards behind and outside
the epihyal, and the cavity of the tympanum (c.ty.) is seen inside, close to the artery.
The larynx (lx.) is seen below at the mid-line, and the basioccipital floor (b.0.) under
the hind-brain (C8).

20th Section (Plate 18, fig. 20).—Here the supra-auditory cartilage (s.c.c.) is close
to the supraoccipital, and the film of bone outside belongs to the squamosal (sq.).

The anterior and horizontal canals (a.s.c., h.s.c.) are cut across, and the hind part of
the vestibule at its junction with the cochlea.

The head of the epihyal is seen finishing the tegmen (#.ty.), behind, and the narrow
hind part of the cavum tympani (c.ty.) is shown, here, for the last time. The flat form
of the parachordals (b.0.), inclosing the notochord, is seen under the hind-brain (C?).

MDCCOLXXXYV. T
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21st Section (Plate 18, fig. 21).—The anterior canal (a.s.c.) is here cut through where
it joins the posterior, and the horizontal canal (h.s.c.) is seen where it opens into the
cavity of the vestibule (lower part of vb.); the wall is imperfect on the inner side
(see also next stage, Plate 17, fig. 7). The lowest part of the posterior canal, and
its ampulla, is close behind this part. The posterior lacerated foramen (IX., X.) is
here cut across, and also the condyloid foramen (XIL); the basis cranii (b.o.) is large,
here, and partly ossified.

22nd Section (Plate 18, fig. 22).—The thick opisthotic region of the auditory capsule
is cut across, here, and the posterior canal at its beginning, above, is one with the
anterior canal (a.s.c.); below, it is close to the horizountal canal (h.s.c.). On the inner
face the cartilage is thin, and there is a small vestibular cavity (vb.). The supra-
auditory cartilage (s.c.c.) is so cut across as to be some distance from the top of
the capsule; this is due to the slight obliquity of the sections. The vagus and
hypoglossal nerves (XI., X.) are still seen outside the bent basioccipital plate (b.o.).
This section is in front of the sides and condyles of the occipital arch, and is behind

the hole for the 12th nerve (XIL.).

Second Stage of Erinaceus europeeus. Young, three-fourths ripe ; 24 inches long ;
head, £ inch.

This larger embryo serves well for showing the development of the ectocranium as
well as for the advancement made in the endocranium (Plate 17, figs. 3-8). Beginning
with the roof (fig. 4) we find a very orderly series of bony scutes along the mid-line ;
there are four pairs of these sub-median radiating centres that have all the appearance
of belonging to the same category, namely, a double row of subcutaneous scales
growing towards each other along the top of the head.

The foremost of these scutes, the nasals (n.), are the smallest, they are the tiling of
the cartilaginous nasal roof, and the septum nasi (s.n.) is seen between them. Like
shell-valves, with a pointed end, forwards, and a rounded broad end, behind, these
bones just cover the hinder half of the nasal labyrinth.

The next pair are four times as large, these are the frontals (f.); they are narrow
in the middle and dilated at each end; they scarcely reach the nasals, in front, and
only touch the parietals (p.), behind, by their convex margin. There is a long
fontanelle running between them and the parietals up to the nasals, in front, and to
the supraoccipital (s.0.), behind; this is dilated in three places, especially in the
coronal region. The concave outer edge of the frontal does not run as far as to the
supraorbital ridge; this part and the orbital roof are covered with a distinct bone
(see also fig. 5, s.0b.). This single supraorbital scale bone is new to me in the
Mammalia, but familiar enough in the Oviparous forms—the Ganoid Fishes, below,
up to the Tinamous and some higher Carinate Birds, above. In all these, however,

it is broken up into two or more pieces.
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The parietals ( p.) are nearly twice as large as the frontals, and, behind them, the
interparietals (z.p.) are not much larger than the nasals (n.).

Besides the supraorbitals, the lateral and infero-lateral bones seen in this view are
the premaxillaries, maxillaries, lachrymals, jugals, and squamosals (pw., ma. ; see also
fig. 8, 1, j., sq.), these are better seen in the other views (figs. 8, 5, 6).

In the side view (fig. 5) the premaxillaries (pax.) are seen to be of normal size,
mounting upwards obliquely, and wedged in between the nasals and maxillaries above.
The outer or facial part of the maxillary is large, with its very large infraorbital
foramen (V2.)and its long concave preorbital and suborbital edge. Over the former
part the fore end of the supra-orbital (s.0b.) fits, and inside, below this, the smallish
perforated lachrymal scale (., Z.c). The jugal (j.) is a small thickish style, and is over-
lapped both by the jugal process of the maxillary and of the squamosal (m., sq.).
Where the uncinate supraorbital (s.0b.) and the swollen parietal (p.) meet in the post-
orbital region there the squamosal is seen, the fore part of its temporal plate, which
walls in the temporal fossa, it begins there,and the bone, dilating gently backwards, is
trifid behind, in its postglenoid end, where it just hides the ampulle of the anterior
and horizontal canals (a.s.c., h.s.c.) The parietals and interparietals (p., ¢p.) meet over
the arched junction of the anterior and posterior canals (a.s.c., p.s.c.).

But the peculiarly normal Mammalian state of the superficial bones is best seen in
the lower view (Plate 17, fig. 3).

Here the increasingly perfect desmognathism of the skull and the great develop-
ment of tooth-pulps, asking for large sockets, are the factors that make the normal
Mammalian palatofacial structures so different from their counterparts in the Ovipara,
generally. Add to these the metamorphosis of the mandible, giving the last finish to
a face with limited motion, and we get the reasons for much that is novel in this type
of skull.

The premaxillaries (px.) are largely hollowed out for the teeth, and their palatine
processes are, at present, short and small. The maxillaries (ma.) send inwards a large
flange from their inner alveolar plate; beyond this, to the mid-line, another equally
large tract has been developed, the palatine plate ; it is joined to the outer plate by a
broadish isthmus, and is never quite distinct from it. The palatine plate of the
palatine (pa.) is three-fifths the size of that of the maxillaries, and is perforated behind
its middle. The two bones wedge in between the maxillaries at the mid-line, and at
their hind part are deficient there. ~Outside they are thick, where they ascend to the
basis cranii.

The pterygoids (pg.) are merely small ectosteal tracts fastening upon and transforming
the thick, short, rounded pterygoid cartilages (pg.c.), and spreading above them to
plaster the basisphenoid (b.s.) with a thin bony tract.

The lower edge of the jugals and squamosals (j., sq.) are seen in this aspect the
latter is largely hidden by the wide three-lobed glenoid facet (gl.c.), which is placed
transversely to the axis of the skull.

T 2
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The end wview (Plate 17, fig. 6) shows the roughly-oval interparietals, and the hind
part of the parietals and squamosals (2.p., p., sg.) as they fit on to the auditory and
occipital regions of the endocranium.

But a lower view of the wupper palate, after the hard palate has been removed
(Plate 17, fig. 8), shows three more investing banes, namely, the front paired vomers
(v"), and the vomer, proper (v.).

These paired bones are quite distinct from the palatine processes of the premaxil-
laries, and are delicate, narrow laminse, with an outside hook in front ; they are placed
vertically inside the recurrent cartilages (rc.c.) and JacoBsoN’s organs.

Wedging in between their hinder part we see the narrow, bifid fore end of the main
vomer (v.), which is roughly carinate in its fore half, and then flattens out, and is
alate in its hind half where it is applied, right and left, as an ethmoidal splint, serving
to bind the right and left floors of the nasal labyrinth together, as in Passerine
Birds ; this upper junction of the right and left halves of the face has been called
“ (Egithognathism,” because of its peculiar development in Passerine Birds.

Endocranium of Second Stage of Erinaceus europseus.

In the figure just referred to (Plate 17, fig. 8) we see the lower view of the alinasal
cartilages (al.n.) and the outer nostrils (en.). Constricted suddenly, these parts give
off the neck of the curious, tongue-shaped recurrent cartilage (rc.c.), which at its
fullest part grows quite round JAcoBsoN’s organ (see Plate 18, fig. 5). Behind these
the floor of the nasal capsule, under the “ middle turbinals” (pec.c., the “ precurrent
cartilages”), is partly shown, and then the narrow, unossified mesethmoidal (p.e.), and
presphenoidal region (p.s.), and the very wide, ossified basisphenoidal (b.s.). This
bony plate is transversely oval and is perforated in front ; this hole is the pituitary
space ( py.).

In the lower view (Plate 17, fig. 8), behind the hard palate, the endocranium is well
shown ; it is a broad osseo-cartilaginous structure. At the mid-line the presphenoid
and basisphenoid ( p.s., b.s., also shown in fig. 8) come into view, but the latter is partly
hidden by the pterygoids ( pg., pg.c.), outside which the base of each alisphenoid (al.s.)
swells into an egg-like process (e.pg., or “external pterygoid”), much more distinct,
now, than in the first stage (fig. 1).* Outside this swelling the cartilage is largely
ossified as the alisphenoid (a/.s.), which is perforated nearer its hinder, than its fore,
margin, by the 3rd branch of the 5th nerve (V2); the rest of this nerve (V»2)
escapes through the sphenoidal fissure.

The outer part of the orbitosphenoidal bony centre (0.s.) is just seen in front of the

* This part is similar to what is seen in the embryo (uterine) of Didelphys, and the counterpart of
which does develop even in some Insectivora (e.g., Rhyncocyon, Plate 36, fig. 5) into an ¢ anterior
tympanic recess,” or alisphenoidal bulla; this, however, in the Hedgehog becomes the external pterygoid
plate; a part which, in Kangaroos, co-exists with the tympanic wing of the alisphenoid.
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fissure ; these parts will be better shown in the section (fig. 7). Where the wide
posterior sphenoid joins the auditory capsules (see also ﬁg 1) there we see a wide
transverse territory of cartilage, which, at its middle part, is the very extensive spheno-
occipital synchondrosis.

Externally, it is notched, here, where the permanent, ““ foramen lacerum,” or jagged
passage, will be ; and nearer the mid-line it is perforated, right and left, by the internal
carotid artery (v.c.). Although the cochles (chl.) show their form well, their cartilage is
confluent with that of the skull, proper, except behind, where the ¢ foramen lacerum
posterius ” will be, which is now a large oval hole formed by the 9th and 10th nerves
(IX., X.). The notched space in front of the capsule allows of the exit of the facial
nerve (VIL), the proximal part of which is not drawn in the figure ; it is seen further
back under the tegmen tympani (t.¢y.), and then passing under the epihyal (e.hy.) to
escape through the stylomastoid foramen. On the side of each cochlea the stapes (st.)
is seen n situ, and behind the cochlea the foramen rotundum (f:7.). Behind this the
occipital arch shows a swelling, a rudimentary * paroccipital.” Inside that eminence
the 12th nerve (XIL) passes through the condyloid foramen, which is almost sur-
rounded by the rudimentary exoccipital centre. ~The basioccipital (b.o.) is very
Reptilian, being roughly pentagonal ; it is still marked by the notochord (nc.).

The occipital condyles (oc.c.) have a very Batrachian appearance, not being very
prominent, and very wide apart.

From the upper view (fig. 4) not much of the endocranium is seen, but the ali-
nasal region (al.n.) is seen to have developed into a projecting snout, much longer
than in the early stage (fig. 2). Behind, the supraoccipital bone (s.0.) has become
single, and right and left of it the cartilage passes into the supra- audltmy crest,
and the proper auditory capsule with its canals ( p.s.c., h.s.c., a.s.c.).

In the side view (fig. 5) the projecting snout and nostril (aln., en.) is seen,
and the valvular folds covering the mnostril. In the orbit the lower frontal (s.0b.)
ossicle fails to cover the orbitosphenoidal cartilage (o.s.) with its orbital plate.
Below, the thick bulbous process of the alisphenoid (e.pg.) and the pterygoid nucleus
(pg.c.) are seen, and, behind, the outer face of the auditory capsule, with its canals
(@.s.c., h.s.c., p.s.c.) is well shown, and also the tegmen tympani, and part of the
cochlea (chl.). The epihyal (e.hy.) is confluent with the capsule behind the tegmen,
and the facial nerve (VIL) emerges behind it. Behind this stylomastoid foramen,
the paroccipital eminence, the condyle (oc.c.), the exoccipital (e.0.), and the supra-
occipital (s.0.) come into view. . .

So do those parts in the end view (fig. 6), where, however, they are displayed more
fully ; here especially we see how large the great foramen (fim.) is, as compared
with the hind skull, even with the investing bones (p., ¢.p., sq.) still in place.

But the most instructive view of the endocranium is to be had by bisecting the
skull, vertically (fig. 7).

Now we see what a mere tube this skull is, even in the embryo, and also that the
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chondrocranium is nearly as perfect as in a Skate. Yet every true Mammalian
character is to be seen, well developed, and diagnostic.

The cranio-facial axis has two bones in its hinder third, not much larger than
the “‘synchondrosis” that separates them ; these are the basioccipital and the basi-
sphenoid (b.0., b.s.) ; all the rest forward is pro-chordal, and composes the presphenoidal,
ethmoidal, and septal regions of the skull (p.s., p.e., s.n.).

The septum runs forwards, between the folds of the alinasal cartilage (al.n.) in
front, a roundish part, perfect, or nearly so; then a narrow isthmus unites this part
with the proper septum nasi (s.n.), which passes, at present, without change into
the perpendicular ethmoid (p.e.), and this into the presphenoid (p.s.). This large
partition wall is a low triangle, the apex of which forms the rudiment of the crista
galli (¢r.g.). The fore part, above, is continuous with the nasal roof (al.e., al.sp., al.n.) ;
the hind part divides the two great olfactory fossee, with their hollow, cribriform
floor (¢r.p.). The basal part of this great wall is thick, this arises from the primary
solidity of the intertrabecula. Where the alee nasi (al.n.) seem to end below, there
they give off the recurrent cartilages (rc.c.), and these are strengthened by their
special splints, the anterior paired vomers (fig. 8, v".) ; behind these, the intertrabecula
is supported by the large grooved vomer, proper (v.). From the crista galli (¢r.g.) to
the foramen magnum there is one continuous growth of solid cartilage, the fore part
of which becomes the crest of the orbitosphenoid (0.s.). Up to the sphenoidal fissure
(V1 2) the cartilage runs from the base to the top without any break save the
foramen opticum (IL.), which passage is now enclosed in the wedge-shaped orbito-
sphenoidal bony centre (0.s.). This beginning of a large plate takes up all but the
lowest part of the stem of the great orbital wing, but only reaches one-third of the
way to the sinuous upper edge of the cartilage. Hence, a full fourth of the whole
side wall Las given way outwards, and the top of the cartilaginous wall reduced to one
half its depth, forms an elegant archway over this breach ; it is a very perfect arch,
but leans a little forwards. This doorway is only partly shut above by the ali-
sphenoid (als.), the part which has been thrust out; the lower half of this half-
opened valve is ossified, and the lower edge of the bony part has a large notch in it,
behind the middle ; this notch is finished by cartilage, and is the foramen ovale (V3.).
The basisphenoid (b.s.) is growing into this tract of cartilage, and reaches further
backwards than the alisphenoid.

The cartilaginous side wall has then a second great archway larger than that caused
by the out-thrust of the alisphenoid ; here there is an actual suppression of the wall,
but the space, which looks a little backwards, is filled in by the large ovoidal cartila-
ginous auditory capsule. Over the capsule the cartilage is thinned out by pressure
of the lateral sinus (l.s.), which forms as perfect an arch as that over the alisphe-
noid. Under the arched swelling caused by the anterior and posterior semicircular
canals, which meet above, there is but a shallow concavity for the flocculus cerebelli.
Behind this hollow, there is an unciform opening, with its convex margin behind ; this
deficiency is caused by the ¢ recessus labyrinthi.”



DEVELOPMENT OF THE SKULL IN THE MAMMALIA. 143

The multiperforate meatus internus, further forwards, and the swollen proximal part
of the cochlea (chl.), are well seen in this view, over the long spheno-occipital syno-
chondrosis. Between these tracts the bony and cartilaginous parts of the occipital
arch (s.0., e.o., b.0.), the passages for the postauditory nerves, and the occipital
condyle (oc.c.) are seen.

Visceral arches of the Second Stage.

The compound mandible has developed considerably since the last stage (Plate 22,
fig. 4), the dentary bone (d.) having grown round MEcCKEL's cartilage (mk.) for some
distance, in its middle part, and the upper edge of the bone is now hollowing out to
form the tooth sockets. In front, the basimandibular (b.mn.) is less, and it is now
well defended by bone on its outside. Behind, the trilobate, semicartilaginous
“ramus” has assumed its permanent form, although the coronoid and angular processes
are equally cartilaginous with the condyloid or articular part. Under the latter,
MECKEL’s cartilage is being let into the bony plate ; behind this part it arches upwards,
and below the arched part the ectosteal malleal centre (ml{. = articulare externum)
is enlarging. The malleal part of this primary mandible shows a small but distinct
posterior angular process (p.ag.), as the elbow of the manubrium (mb.), or internal
angular process. The incus (2.) and the stapes (st.) are still quite unossified, but they.
are assuming their permanent form.

The annulus tympanicus (a.ty.) is a crescentic band of not very solid cartilage,
which is becoming bony along the middle; this bony tract will use up all the
cartilage, not leaving any to form a  bulla.”

Third Stage of the Skull of Erinaceus europaeus; new-born young, 2% tnches long.

In the “endocranium” at this stage we find a considerable advancement in growth ;
seen from below (Plate 19, fig. 1), and from above (fig. 2), it is roughly pyriform in out-
line, gradually enlarging up to the auditory region, and then suddenly lessening. The
short snout (fig. 1, al.n.) has the nostrils (e.n.) lateral; this region has a definite
bracket-shaped selvedge where it comes in contact with the premaxillaries, and from
the submesial part of this hind edge the recurrent cartilages (rc.c.) are given off ;
these are large tongue-like tracts, convex infero-laterally and concave on the upper and
inner face, where, for a short distance, they form a perfect tube round each JAcoBson’s
organ. They are supported on their inner face by the dagger-shaped front paired
vomers (v".), whilst the vomer, proper (v.), runs in between them in front. That bone,
overlapping these parts in their hinder third, runs backward to the end of the
right and left subcranial recesses of the nasal labyrinth ; it is widely forked in its
hinder, and strongly carinate in its middle, third.

The aliseptal region (al.sp.) narrows in at its middle, and then expands again to
become aliethmoidal (al.e.).
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The inferior turbinals (2.th.) arise from its inner face, and can be seen in the space
right and left of the vomer. Where the vomer forks, there each fork supports the
inturned nasal wall, now the floor (n.f.), which is finished by the vomer. In the front
of this part the inturned walls give off the “precurrent cartilages,” already de-
scribed. At present, the hinder region of the nasal labyrinth forms merely part of a
scroll, and has not yet closed in to finish the hinder recess. The very solid basal beam
is seen between the forks of the vomer, first as perpendicular ethmoid (p.c.), and then
as presphenoid (p.s.). The proximal part of the orbitosphenoid is hidden by the
recesses of the nasal labyrinth, the bony centre (0.s.), can, however, be seen in its
upper part.

On a lower plane, the large alisphenoids (al.s.), with their oblique sinuous outer
margin, are seen now to be largely ossified ; these bony plates are perforated by the
8rd branch of the 5th nerve (V2.), for they have a large foramen ovale a little behind
their middle. Between these wings and the basisphenoid (b.s.) there are still two
remarkable tracts of cartilage, one of these is the large synchondrosis between the
alee and the base, and the other is a button-shaped projection (e.pg.), between the
pterygoid (pg., pg.c.) and the foramen ovale (V3.), but a little in front of both.

This projection is the cartilaginous rudiment of the external pterygoid plate, which
in this broad-floored skull is in its normally Mammalian position, namely, a good
distance outside the correlated pterygoid, with its independent cartilaginous nucleus.®

In this type, and in many of its Insectivorous congeners, the basisphenoidal bony
centre (b.s.) runs behind, largely, for some distance, into the alisphenoidal cartilage (al.s.);
this is a most important diagnostic of a true, normal, Insectivore. It is, however, a very
gentle modification of that which is diagnostic of the skull of the Marsupials, namely, a
“tympanic wing,” which grows backward from the alisphen‘oid. Here, the rudimentary
tympanic wing arises from that part of the alisphenoid which is ossified vicariously
from the basal centre ; thus the further growth of the tympanic wing is merely a shell-
like flange of the basisphenoid. Hence the bone which develops round the tympanic
asr-cell in the typical Insectivora, assisting the superadded annulus tympanicus, is
basisphenoidal. The alisphenoidal centre, in Marsupials, which forms the front part
of their drum-cavity, is supplemented by a large, crescentic ‘“os bulle,” which
ultimately becomes ankylosed, in most cases, to the alisphenoid. Moreover, the
extensive pneumaticity of the basis cranii of the Insectivora, at this part, is very
Sauropsidan, and these types have also a considerable upper tympanic recess inside
the squamosal bone, as in Crocodiles, Birds, Marsupials, and Edentates. At present
the basisphenoid (Plate 19, fig. 1, b.s.) does not reach so far forwards as the ali-

* In the typical Ruminants, and still better, in the genus Cavie among the Rodents, this sphenoidal
outgrowth is seen to be manifestly the homologue of the ‘basipterygoid process” of the Sauropsida,
growing as it does from the side of the basal beam. Its visceral correlate, the pterygoid cartilage, which,
indeed, dominates it, has undergone most remarkable structural modifications in the types in which it
re-appears, e.g., in Chelonia, Crocodilia, Passerine Birds, and, lastly, in the lower Mammalia.
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sphenoids, but it goes further backwards, yet there is a considerable tract of cartilage
separating it from the basioccipital.

A groove in its lower face leads to the still unclosed pituitary space (see fig. 2, py.);
whilst right and left it has a deeper groove filled by the terete pterygoid (pg.) with its
cartilaginous terminal nucleus (pg.c.). Behind the pterygoids, and in front of the
sinuous wedge-like growth of bone in the middle, there is a definite rudiment, as an
oblique ridge, of the future tympanic wing.

The broadest part of the skull is behind the posterior sphenoid ; here the huge
cochleze (chl.) display their coils, and outside them the broad tegmen tympani has
on its inside the groove for the facial nerve (VIL), which escapes from the skull
behind the edge of the alisphenoid. This groove is-protected behind by the confluence
of the epihyal (e.hy) with the auditory capsule; the nerve escapes behind it, through
the stylomastoid foramen.. In front of the epihyal, the fenestra ovalis (fs.0.) is
seen obliquely, and the fenestra rotunda (f.r.) mesiad of it. Behind the fenestra
rotunda, and further inwards, the large passage for the 9th and 10th nerves (IX., X.) is
seen, and behind that passage the lesser hole for the 12th nerve (XII.) The basi-
occipital (b.0.) is roughly hexagonal; the exoccipitals (e.0.) are developing in the
hollow between the paroccipital convexities and the condyles (oc.c.). '

The upper view of the endocranium of this stage (Plate 19, fig. 2) is shown with the
upper part cut away for the better display of the fundus cranii. The crenate hinder
margin of the nasal capsules is almost transverse, only a little concave, and is so
thoroughly pre-cranial as to display nearly all the large cribriform plate (cr.p.).
The top of the septum nasi (s.n.) and perpendicular ethmoid (p.e.) is seen at its
junction with the ala or roof (al.sp., al.e); the middle part of the continuous partition
is thicker than the end. The upper part of the capsule is constricted twice, so as to
form a front, a middle, and a hind, enlargement. The lateral part is constricted, gently,
once. There is no definite cartilaginous crista galli (¢r.g.), but merely a gentle rising
of the wall in front, directly behind the end of the roof.

The cribriform plate has floored the whole fossa, and this tract, as well as the
lateral walls, are confluent with the fore edge of the anterior sphenoid. The broad short
presphenoid (p.s.) is unossified, and it has in its middle a hollow, showing the double
nature of the bar. The orbitosphenoids (o.s.), are ossified, proximally, close to the base,
in their hinder margin ; the fore part and the whole of the main wing still remain soft.
This pyriform centre is perforated by the optic nerve (II.), which escapes near the
hind margin, half-way up the ascending bony tract. The inturned upper edge has
been cut away, but the band is shown to run backward to, and to be confluent with,
the auditory capsule.

The hind margin of the orbitosphenoid (o.s.) is sinuously concave and hides the
more distinet alisphenoid (al.s.) at its fore edge. The basisphenoid (b.s.) occupies the
hind half of the small open pituitary space (py.); it is separated by a large tract
of cartilage, as yet, from the basioceipital (b.0.). Both before and behind, that centre is
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seen, even above, to be creeping into the alee, the bony centres of which just touch the
foremost of these extensions of the basisphenoid. But more than a third of the hind
part of the ale is still cartilaginous; the posterior external part dips below the
auditory capsule, just as the front margin does under the orbitosphenoid.

The sphenoidal fissure (VV2) is an oblique reniform foramen, and to it a groove
for the 2nd branch of the 5th nerve runs from the large foramen ovale (V3.). A small
sphenotic flap of the auditory capsule overlies the alisphenoid, externally; between
this part and the coiled cochlea the facial nerve (VIL.) escapes, running first under a
bridge of cartilage from the foremost hole of the meatus internus (VIL., VIIL). The
swellings outside the wall—which has been cut away horizontally—are due to the
horizontal and posterior semicircular canals (h.s.c., p.s.c.), the arch of the anterior canal
(a.s.c.) is cut away and its cavity exposed.  The hollow for the flocculus is not well
shown in this view ; behind it, the opening of the “ recessus labyrinthi ” is seen.

Patches of bony cells are now to be seen, the beginnings of the extensive opisthotic
bone (op.). These are at the hinder margin of the cochlea in the lower view (fig. 1).
This bony deposit is to be seen, inside, in front of the large foramen for the 9th
and 10th nerves (IX., X.). This foramen and the condyloid (XIL.) in front of it are
seen in the upper view with the exoccipital (c.0.) creeping up to the latter ; the large
six-sided basioccipital (b.0.) still lies in the centre of the large multiangular basal
cartilage, flanked, outside and behind, by the occipital condyles (oc.c.).

Visceral arches of Third Stage.

The outer and inner elements of the mandible (Plate 22, fig. 5) are still bound up
together, and are nearly equal in bulk. The new condyle on the ““ramus” is at no great
distance in front of the primary morphological condyle—the short crus of the incus (z.).
This suspensorial segment is still unossified, and so is the stapes (st.) or uppermost
part of the next arch; but the malleal bony centre (ml.)is working into the cartilage.
The dentary (d.) has grown over MECKEL’S cartilage (mk.) in one place, and is con-
verting that part into bone; in front of this ensheathed part the rod is very solid;
its basal bar (b.mn.) is well formed, and turns upwards somewhat. The cartilaginous
ends of the three hind lobes of the ramus keep growing, part passu, with the rest;
the annulus tympanicus (@.ty.) is now ossified.

The hyoid arch has been cut away where the epihyal (Plate 22, fig. 6., e.hy.) is con-
fluent with the auditory capsule (see fig. 3). The cartilaginous segments are solid and
strong, but are at present quite unossified.

Fourth Stage of the Skull of Erinaceus europseus; young specimens, 2 weeks old ;
8 inches long. ' ~

This stage shows but little difference in the general form and condition of the endo-
cranium ; but the osseous centres are much more advanced (Plate 19, figs. 3-5). I have
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figured the upper aspect as a perfect object, not having cut away the rim and roof of
the chondrocranium.

The general description just given of the third stage may serve on the whole for this,
but the bony tracts will be especially noticed The large front paired vomers (v'.)
protecting the recurrent cartilages (rc.c.) and JACOBSON’S organs are still separate. The
proper vomer (v.) is becoming very strong, and its keel is now double, in front. On
each side of its forks, behind, there is a small bony tract ; these are the bones which
help to unite the two sides of the nasal labyrinth to each other and to the vomers ;
they are the hinder paired vomers (v”.) The folds of the middle turbinal (m.tb.) are
seen to be undergoing ossification ; the hinder pair of these centres is close to the
precurrent cartilaginous spikes, which run forwards on each side of, and above,
the middle keeled part of the vomer. The hinder part of the nasal labyrinth is
opened out somewhat, artificially, for display. '

The large orbitosphenoidal bones (0.s.) are running upwards towards the marginal
band ; below, they are beginning to ossify the basal tract, or presphenoidal region
(p.s.). The posterior sphenoid is now almost completely ossified, but the bones of the
alee and base (al.s., b.s.) are distinct. The external pterygoid process (e.pg.) is still
unossified. The three bones, measured across the foramina ovalia (V3.), are of equal
width ; but, further backwards, the basisphenoid is the widest of the three, having
taken in part of the cartilaginous alee. Here the hole, right and left, for the internal
carotid artery (¢.c.) is fairly enclosed by the bony deposit of the basisphenoid. This
shows that we are not far from the Marsupials, and this agrees with what I have just
shown, namely, that the tympanic wings of the posterior sphenoid are basal, in the
Hedgehog, instead of being alar, as in the Marsupials, through the special posterior
dilatation of the basal bone in this type. The pituitary hole (py.) is now enclosed by
bone (b.s.) ; this hole is in the fore part of an inferior groove, right and left of which
the pterygoids (pg.), left ¢n situ, have developed an upper dilated part, by which to
stick, like Limpets, to the basisphenoid; their cartilaginous nucleus (pg.c.) is not yet
all ossified.

The ossification of the auditory capsules is progressing rapidly. The opisthotic
centre (figs. 3 and 5, op.) reaches from the passage for the 9th and 10th nerves,
above the inner margin of the cochlea ; it encompasses the fenestra rotunda behind
(fig. 8, fir.), and runs up to the fenestra ovalis; above (fig. 5), it is growing round the
meatus internus. The prootic (pr.0.) is a much smaller centre ; below (fig. 3), it is
growing over the groove for the facial nerve at the inner edge of the tegmen tympani
(t.ty.), and above (fig. 5) it is running along under the anterior canal («.s.c.) into the
recess for the “flocculus.” The basioccipital (b.o.) is increasing in size, but it is still
in the midst of a wide tract of cartilage; the exoccipitals (e.0.) are just enclosing
the condyloid foramina (XII.); the supraoccipital is widening over the foramen
magnum ( fim.). '

In the upper view (fig. 4), the fore part is seen to be quite unossified, but the

U 2
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orbitosphenoids reach their own cartilaginous base (p.s.). The well-ossified ali-
sphenoids (al.s.) are seen articulating with the wide, extensive basal bone,* which
shows its pituitary hole in front, and has a low postelinoid ridge running across
behind the middle, it has, in front of it, a very shallow “sella.” The hinder'part
of the floor is shown in the partial figure (5); but the huge supraoccipital tegmen,
with its wide, angular ossification (s.0.) overlapped in front by two interparietals (z.p.),
are to be seen in the main figure (4). All the canals (a.s.c., h.s.c., p.s.c.) can be seen
in this view where the large auditory capsules project outwards, like short ears, from the
sides of this curious cranial “vessel.” The exoccipitals (e.0.) can just be seen rising right
and left towards the postero-external margin of the supraoccipital osseous centre (s.0.).

Vasceral arches of the Fourth Stage.

About one-third of MucKEL'S cartilage (Plate 22, fig. 7, mk.) is now enclosed in a
canal formed by the dentary (d). In front of this buried part the cartilage rises and
swells into a thick mass, up to where it meets its fellow, from which junction the
basimandibular (b.mn.) grows forwards, and a little upwards.

The condyloid mass of cartilage is now much larger than that which still
remains unossified on the ends of the coronmoid and angular processes. The parts
that form the ossicula (ml., 4., st.) have merely become enlarged without any

noticeable change ; the annulus (a.ty.) is also increasing in size.

Fifth Stage.—Skull of Erinaceus europseus ; 1 month old ; head 1% inch long.

a. Investing bones.—The superficial parts of the skull have been worked out and
figured in this stage (Plate 20, figs. 1-3), as in the second (Plate 17, figs. 3-5),
and in the sub-adult (Plate 21, figs. 1-6).

In the upper view (Plate 20, fig. 2) we see what a strong roof the investing hones
now form to the very solid endocranium. The nasals (n.) are small, narrow bones,
and diverge in front; the frontals (f.) are almost as large as the parietals (p) they
are now in one piece on each side.

The large convex parietals have the frontals running in between them in the coronal
suture, and the double interparietal (i.p.) fits on to their concave hinder margin.
The sides of the hind skull are well buttressed by the squamosals (sq.), and the fore
part of the skull by the huge maxillaries (ma.), and the middle-sized premaxillaries
(px.); the jugals (j.) are smallish ; the lachrymals are not well seen in this view.

But in the side view (Plate 20, fig. 8) the lachrymals (Z.) are seen to be intraorbital ;
they are oval, have a large opening (/.c.) in front, and are very thin. The imbrication
of the subcutaneous scutes that invest the endocranium is well seen in this view.
The jngal was removed in the preparation figured, to display the interior of the orbit,
the inner wall of which is composed of the lachrymal, orbital plate of the frontal, and
maxillary, in front; and behind, by the frontal, parietal, and squamosal ; it is a very

* For b.o. read b.s.
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open space. The postglenoid part of the squamosal (sq.) is short, the hind part of
the squama, in the end of the temporal fossa, is perforated. The facial nerve
(VIL) is figured, and also its chorda tympani branch (VII%), passing to the large
inferior branch of the trigeminal (V3.). The 1st and 2nd branches of that nerve
(VL., V2), are seen emerging from the sphenoidal fissure, the former re-entering the
skull through the main orbital foramen, and the latter running forward through the
great maxillary canal, and emerging through the supraorbital foramen.

The optic nerve (IL.)is seen between the forks of the trigeminal (V1., V2.), emerging
from its own foramen opticum.

The investing bones, as seen from below (fig. 1), show the finishing of a very fine
piece of architecture ; the hinder superficial pieces, the tympanics, were removed to
display the proper cranial structures. This individual was just cutting its teeth ; the
huge sockets for which are shown with but partially developed dissepiments.

The premaxillaries have a large dentary part, and a small, short palatine process ;
over this, however, the anterior paired vomer (v".), is seen, which afterwards makes
that process of the normal size.

The maxillaries (ma.) are enormous, being gravid with many large teeth, and, as the
palate is very wide between the tooth-rows, the concave palatine plates are of great
extent. There is, here, as in many of the Edentata, a sign of some distinctness of
the inner, from the submarginal, part of this bony roof. The inner part is wedged
in between the rami of the premaxillary (a.p.f.) in front, and then an oblique ridge,
running backwards, and a little inwards, up to the posterior palatine foramen, marks
the inner part off from the outer. The outer part of the hard palate is a concave
tract, forming a lanceolate flange to the internal alveolar wall. The hinder part of
the alveolar tract is unfinished ; the jugal process is short and sharp.

The palatine bones (pa.) are very elegant, and quite Metatherian in iheir
characters ; their palatal plates are sharp wedges, running forwards, together, between
the palatal plates of the maxillaries. An irregular subreniform fontanelle is seen
in each plate, near 1ts middle, behind the thickening inside the posterior palatine
foramen (p.p.f.). Each bone has a thick subarcuate margin, as the finishing, behind,
of the palatal plate; these ridges are turned a little forwards as well as outwards.
Part of the subcranial tract of each bone is seen behind the hard palate, bounding
the nasopalatine canal; this is clamped by the pterygoid (pg.); outside this, the
palatine bone spreads into a hooked wing, which bends round the front of the
oblique, oval, small external pterygoid plate (e.pg.). The distinct upper vertical tract
of the palatine ends a little behind the anterior sphenoid (o.s.), then the wall is con-
tinued a short distance further back by the pterygoids ( pg.), which are not distinct,
now, but have already coalesced with the sides of the wide basisphenoid bone (b.s.);
the lower part is terete, and ends in a short, free hamular process, which has, now,
used up all the cartilage.

The tympanics are not given in this figure; they have been removed, with the
ossicula auditls, to display the auditory region.
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The jugals (j.) are flat styles; the squamosals (sq.), riding over them, are seen to
swell out into a convex shell of bone.clamping the parietal, and then to grow
inwards to be covered with the broadly-reniform glenoid facet (gl.c.). The post-
glenoid tract is here seen to bend in to the mastoid region of the ear-capsule, and to

end in three tooth-like processes. ‘
Both the end view (Plate 19, fig. 6); and the tnner view (Plate 19, fig. 8), also show

the investing bones from their aspects.

Endocranium of the Fifth Stage of Erinaceus europeeus.

The vertical section (Plate 19, fig. 8) shows the whole of the craniofacial axis up
to the presphenoid (p.s.); behind, that the axis was cut along the middle, and only
half the skull was figured ; this part is only two-fifths of the whole length. The
round snout has its own septum marked off from the proper septum nasi (s.n.) by a
considerable inferior notch, in which the JACOBSON’S, or recurrent cartilages (rc.c.) are

seen to arise. These folded leaves are tubular in their most perfect part, and then

are open along the side.
Over the notch the intertrabecula (z tr.) is very thick, but it diminishes very little

all along the base of the great ethmonasal wall (s.n., p.e.); itis ossified behind by the
orbitosphenoids (0.s.), in the presphenoidal region ; there 1s no separate median bone
there.

The front paired vomer, and the vomer, proper, (v"., v.), are shown n situ; the
nasals and frontals (n., /) lie over the roof (al.sp., al.e.).

The short descending side of the low triangle formed by the great partition is
notched by the numerous olfactory filaments, and the cribriform plate (cr.p.)is seen to
the right of this crested tract, which has a small, special elevation, above—the crista
galli (¢r.g.).

The anterior sphenoid is still continuous with the nasal labyrinth, in front, by the
fore edge of the great orbitosphenoidal cartilage (0.s.); the lower third of this tract
is ossified, and is perf01ated by the optic nerve (II.) near its hind margin, below.

The rest of that sinuous margin, passing into cartilage above, 1s now abruptly free,
the rest of the band, over the alisphenoid, and along the supra-auditory region (see
figs. 1-4) having been absorbed.

Thus the sphenoidal fissure (V' %) is now very steep, and perfect ; it is bounded
below by the cartilage still remaining between the fused orbitosphenoids ( p.s.) and
the distinet basisphenoid (b.s.). The low-lying alisphenoid (al.s.} is free, in front,
and bulges outwards; it is only notched in front by the 2nd bra~ch of the 5th nerve,
but is perforated by the 8rd branch (V?.), which forms a large foramen ovale near its
hind third ; this is much the smaller wing, even now. The basisphenoid is both long
and wide; over its hinder half the cochlea is seen; the pituitary hole (see fig. 4) is

présent, but the sellar dopression is slight.
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The auditory capsule is largely ossified, especially on this, its inner, face ; the ““ crest”
of cartilage is not quite gone, nor quite ossified. The recess for the flocculus (f.7.)
under the arch of the anterior canal (@.s.c.) is about the size of the meatus internus
or vestibular eave leading to the foramina for the 7th and 8th nerves (VIL., VIIL).
The other foramina (IX., X., XIL.) in front of, and through, the occipital arch (s.o.,
e.0., b.0.) are seen in this section. ‘

Part of the outer view of the hind skull (Plate 19, fig. 9) shows the normal division
of the petromastoid into prootic, epiotic, and opisthotic centres ( pr.o., ep., op.), but
the wedge-like epiotic is not a very distinct tract; it is bound to the rest of the
main centre—the opisthotic—on its inner side.

There is still unossified cartilage over the anterior canal, and outside its ampulla,
and that of the horizontal canal ; the paroccipital process (p.oc.) is still cartilaginous,
and also the stem of the epihyal (e.hy.).

These parts are also seen in the end wiew (Plate 19, fig. 6), which displays the
occipital arch perfectly, and the auditory capsules partially; the broad cartilaginous
tracts, here seen, give the whole structure depicted a diagrammatic distinctness.

In the lower view of this perfect skull (Plate 20, fig. 1) the broad snout in front, and
the broad basis cranii, behind, are displayed, fore and aft of the large investing bones
of the upper face and palate.

The hinder part of the anterior sphenoid (o.s., p.s.) is seen behind the hard palate,
in the roof of the nasopalatine canal, in the middle, and, right and left, in the wall of
the orbit. The top of the orbitosphenoid (o.s.) is still unossified, and the presphenoid
has been formed by the fusion of the proximal parts of the ossified tracts, right and
left, of the two orbitosphenoids (see also Plate 19, fig. 8).

But the posterior sphenoid is freely displayed in this aspect, covered, however, in
one part, by the small pterygoids ( pg.) that have coalesced with it by their subcranial
flange. ‘

The suture, right and left, between the alee and the base (al.s., b.s.), is fast dis-
appearing, so that the whole tract which forms so large a part of the base and lower
wall of the cranium, proper, is now practically one bone. The well-formed temporal
squama (sg.) forms a slightly squamous suture with the outer edge of the alisphenoid
(al.s.), which, in turn, lies some distance outside the orbitosphenoid (o.s.). But in
this view the squamosals are seen only to form a thin clamp to the alisphenoids, which
stretch across the wide tract that intervenes between the hard palate and the auditory
capsules. In front of the squamous suture the alisphenoid is notched and uncinate at
its antero-external angle, and then has a somewhat notched, thick margin bordering
the sphenoidal fissure (V%., V2.). Behind this fissure the palatine bone is seen to hook
itself round the front and outside of the small, oval, oblique * external pterygoid
plate” (e.pg.). A moderate fossa is seen between this piece of carpentry and the
ankylosed pterygoid bone ( pg.), behind which a small foramen is seen. The foramen
ovale (V3) forms a conspicuous opening, behind, and further outwards, than the
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external pterygoid plate. Behind the foramen the outer margin of the alisphenoid is
notched, gently, and then grows outwards again to form a wedge, which is strongly
jammed in between the squamosal and the petrous bone. Leading from the external
pterygoid plate to this wedge, inside the foramen ovale, is an elegant crest of bone,
concave, externally, and lying below the rough, dentated, hinder edge of the ali-
sphenoid. This is the boundary line of the junction of the basal and alar osseous
centres, and it is this tract which corresponds with the alisphencidal part of the
bulla of a Marsupial, the root of its so-called “tympanic wing.” This and the
rest of the basisphenoid (b.s.) form a very peculiar structure, quite diagnostic of an
Insectivore, and, when suppressed, tells of a departure from the normal skull of this
Order. The fore part of the basal tract is pinched in so as to form a very narrow
passage ; the hind part widens into a semioval concave space. Right and left of this
space the basisphenoidal tympanic wings grow out ; these are square tracts, notched
and uncinate behind, and hollow, externally, where they add to the general drum-
cavity. These hirder outgrowths of the basisphenoid are separated by a notch,
externally, and by a groove continued from the notch, internally, from the pre-
tympamic wing which has its homologue in the Marsupial. The cochlear part of the
opisthotic (chl.) articulates on its inner side with the basisphenoid, and in its outer is
margined by the grooved tegminal tract which contains the horizontal semicircular
canal (fig. 3, h.s.c.). Here the fenestra ovalis ( f5.0.), fenestra rotunda (f:7.), and the
hinder opening of the groove for the facial nerve (VIL), bridged over by the epihyal
(e.ly.), are all displayed.

The cartilaginous projection that contains the two front ampulle is separated by a
bony tract of the opisthotic from the next cartilaginous swelling—the paroceipital
(p.oc.) ; behind this the condyle (oc.c.) forms a third cartilaginous convexity. The
broad, short occipital ring has its transversely oblong basal piece (b.0.) separated, still
by a widish tract of cartilage, from the exoccipitals (e.0.); these are bored by the
12th and notched by the 9th and 10th nerves (XII., IX,, X.).

The upper view (Plate 20, fig. 2) shows but little of the endocranium; but a dissected
skull, shown in its lower aspect (Plate 19, fig. 7), as far as the first third of the basi-
sphenoid, displays several parts not yet described.

In this preparation several of the lesser splint bones were left, in situ, and figured ;
the premaxillaries (pax.) are shown cut through their alveoli, horizontally, and we see
that their palatine progess is, at present, very short. But the front paired vomers
(v'.) are close behind, and above, the sub-median part of those bones; they are long
splints, a little scooped on their outside, and are in close contact with the pointed fore
end of the vomer proper (v.), which runs in above them. Right and left of the paired
bones (v,) we see the large cochleate recurrent cartilages (rc.c.), and, outside these, the
ossified inferior turbinals (2.tb.). The fore part of the upper and middle turbinals
(u.th., m.tb.) is ossified ; but the greater part of the wall and floor of this large bulbous
labyrinth is still unossified. The vomer (v.) is carinate behind its pointed fore end,
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and the keel is grooved; the hinder two-fifths is in two forks, that run back and gently
bend in between the basal beam (p.e.) and the postero-inferior recesses of the basal
labyrinth. Here the winged divisions of the voraer serve to bind together the right
and left tracts of the nasal floor, under the fore half of the middle turbinal region.
This second upper binding together of the right and left face, making the skull doubly
desmognathous, is assisted by a pair of oblong splints, the posterior paired vomers
(v”.), which run from this great opening between the inferior and middle turbinals up
to the oval hinder recess, right and left, of the presphencid. When the middle
turbinal is well ossified in its lower as well as in its front part, then the three
vomerine bones and the ossified floor and turbinals all become an indistinguishable
tract of bone. This preparation is only figtived up to the hind margin of the foramina
ovalia (V2); the optic, ophthalmic, and maxillary nerves (IL, V%, V2) are figured,
emerging from the optic foramina and sphenoidal fissures. The rest of the skull in
this aspect is seen in the entire palatal view (Plate 20, fig. 1).

Viceral arches of the Fifth Stage.

The lower jaw (Plate 22, fig. 8) is now almost complete, but there is a little cartilage
still left on the coronoid and angular processes. The latter (ag.p.) is somewhat
incurved. The fore part of MECKEL'S cartilage and the basimandibular rod (mk.,
h.mn.) are still present, but the freed part of the bar is now ossified as a large spatulate
processes gracilis (pr.g.), much larger than the manubrium (mp.).* The incus
and stapes (c., st.) are now ossified, and are seen in situ, so also is the annulus (a.ty);
all these parts are shown from their ¢nner face.

The hyoid arch (Plate 22, fig. 9) has acquired all its bony centres, but the thick,
crescentic hypohyals (h.hy.) are only ossified in their middle, and the upper cerato-
hyal (c.hy.) only half-way up. The epihyal (Plate 20, fig. 1, and Plate 22, fig. 9, e.hy.)
is ossified in the upper part directly from the bony substance of the opisthotic (op.) ;
it has no separate proper centre (* tympanohyal ”), nor splint (““stylohyal ”).

Sixth Stage of Skull of Erinaceus europeus; young ; two-thirds grown.

These large young are profitable for study, because, although well ossified for the
most part, nearly all the sutures are very visible; a wertical section at this stage
(Plate 20, fig. 4) is very instructive. '

In the fore part we see the rounded form of the snout, and the complete septum
that has grown forwards from the proper septum nasi between the alinasal folds (al.n.).
The whole partition wall, from the front of the snout to the fore-edge of the pre-
sphenoid (p.s.), is two-thirds the length of the whole craniofacial axis. The highest,
or hinder part, is ossified as the perpendicular ethmoid (p.e.), and this reaches forwards
for nearly a third of the length of the wall behind the snout. The bone runs further
forwards above than below ; laterally, behind, it is now confluent with the partially

% The letters of reference should have been mb
MDCCCLXXXYV. X
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ossified cribriform plate (cr.p.); behind, it gets to be a low thick wall between the
retral recesses of the nasal labyrinth. The septum (s.n.) is moderately thick from
above, where it gives off the aliseptal folds (al.sp.) to the thick base ; that part shows
its thickness as a solid rod with a flat crest, from the low hind part to the equally
low foremost part of the septum nasi proper. There, the septum is notched, below,
and right and left of the notch the base of the alinasal folds gives off the recurrent
cartilages (rc.c.), large spatulate processes, tubular, proximally. The palatine process
of the premaxillary (p.px.) is seen in its thick part, the rest, separate, for some time,
as a front vomer, is given in outline in the figure, showing that it is inside the
cartilaginous process. The vomer (v.) is seen supporting the thick intertrabecular
base of the partition, and under this we¢ see the thick inner edge of the palatine
plate of the maxillary (ma.) ; these bones are united by suture, and now we see why
the median vomer should have its keel double (see Plate 19, fig. 7, v.), for it articu~
lates with two plates beneath it, and these bones, doubly sutured together, divide
the right and left nasal passages from each other. This division ceases where this
suture ceases, and this is half-way between the external and posterior nasal openings ;
the latter open out behind the soft palate, which is strengthened right and left by
the descending plates of the palatine and pterygoid bones (pa., pg.). The cranial
cavity is roofed, and largely walled in, by the frontals, parietals, and interparietals
(/s p., ©.p.), the ossified remains of the endocranium lying low down in the floor of
the skull. A round notch makes the orbitosphenoid bilobate ; above the front lobe
is a thin ragged tract lining the orbital plate of the frontal. Where these join
there the 1st branch of the 5th nerve (V%., ophthalmic) has entered (see also Plate 20,
figs. 8 and 5, V%), it is seen in this section riding over the outside of the cribriform
plate to gain the nasal cavity. The longer, more regular hinder lobe of the orbito-
sphenoid (o.s.), passes inside the alisphenoid (al.s.); these parts lie so low down that
neither the optic foramen, nor the foramen lacerum anterius, or sphenocidal fissure,
are seen in this directly lateral view. The parietal (p.) passes so well down the
skull wall that the squamosal—as in the Ostrich—is not seen, or scarcely at all ; in
this inner view the elegant curve of the lateral sinus ([.s.) is seen near the lower edge
of the parietal.

The alisphenoid (al.s.) is here visible as a strong concave shell of bone, hidden,
however, in front, by the orbitosphenoid, and below by its own large basal beam (b.s.) ;
its thick ear-shaped hind part rides over the front of the cochlea, and the great
oval foramen (V2)is seen opposite its front third ; behind this part of the base the
sella turcica is seen as a shallow concavity, and the posterior clinoid wall as a mere
thickening of the base ; behind that thickening the postclinoid region dips downwards
—a normal state for this and the rest of the base (b.0.).

A solid tract of cartilage still exists between all the three basicranial bones, the
first of these (p.s.) is high, but it is not an independent presphenoid ; it is only
formed, as bone, by the juncture and ankylosis of the right and left orbitosphenoids.
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The ossified auditory capsule is seen over the second synchondrosis; it is obliquely
fixed, large, and full of hills and hollows on this aspect. The supra-auditory tract of
cartilage has been largely absorbed, but its base was ossified, and that remains as a
rough crest to the capsule. Below this, in front, the anterior canal (a.s.c.) is seen with
its ampulla; an oblique rib of bone ascends from the cochlea to the crown of the
arched canals, the anterior and posterior. This arch and its hinder enlargement
behind the hollow for the flocculus (f.7.) is not formed by the posterior canal and its
ampulla, but by the growth of a tubercle of bone inside that arch, bounding the
floccular recess behind, as the oblique ridge does in front.

The meatus auditorius internus (VIL. VIIL) is a large archway, between which
the petromastoid bone swells into the fore part of the deep sulcus for the posterior
sinus, and for the exit of the 9th and 10th nerves; the hollow for the sinus opens
below into the foramen lacerum posterius. Behind that opening the lesser hole,
or condyloid foramen (XIL) is seen in the substance of the exoccipital (e.0.); the
condyle (ec.c.) is seen behind, the basioccipital (d.0.) in front, and the supraoccipital
(s.0.) above it.

The large rough wings of the basisphenoid are seen below the basal section and
behind the pterygoid bone (pg.). '

The inner view of the nasal labyrinth (Plate 20, fig. 5), obtained by removal of the
perpendicular ethmoid and septum nasi, shows the complex folds of the nasal, inferior,
upper, and middle turbinals (n.tb., 4.tb., u.tb., m.td.), and here the ophthalmic nerve (V1.)
can be seen in its course along the interior of the labyrinth. Below the cribriform
plate (cr.p.), the right recess of the hindermost part of the nasal cavity is seen
running by the base where the ethmoidal and presphenoidal regions meet.

Seventh Stage of the Skull of Erinaceus europeeus ; young ; three-fourths grown.

I have merely figured the outer auditory bones in this, a somewhat more advanced
stage than the last, as they are now in a very instructive state—a state retained only
for a few months longer, after which much absorption and modification of bone will
take place.

The outer view of the ear-drum and its chain (Plate 22, fig. 10), shows a condition
quite comparable to what is found in subadult and adult Marsupials. Moreover the
annulus (a.ty.), now rapidly strengthening its thickening inner edge, and has there a
row of small osseous points quite similar to those that are the only rudiments of the
tympanic ring in the Bird ; that feeble chain of bones is best seen in the Corvidee.

The processus gracilis of the malleus is several times larger than the manubrium
(p.gr.,mb.) ; it is a strongly ribbed bar, which, appearing in front of its tympanic attach
ment, there shows a rudiment of the pretympanic hook so large in many Marsupials.
The body of the malleus is large, and the “posterior angular process” (p.ag.), behind
the manubrium, is a semioval convexity. The short crus of the stout and well-made

X 2
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incus (s.c.t.) is unusually short ; the long crus (l.c.t.) is also short, but is well inturned,
and has an oval facet for the head of the stapes.

That bone (st.) is rather high, has a long oval base, narrow, and somewhat snaggy
sides, and has a tubercle on its neck, in which is a very rudimentary interhyal
(i.hy.), rooted in the base of the stapedial muscle’s tendon (st.m.).

Fighth Stage of the Skull of Erinaceus europzeus ; nearly adult.

This skull is, conceivably, a very gentle modification of the type we are familiar
with in the Marsupials; it is just fairly within the Futherian margin. The upper
and side views (Plate 21, figs. 2, 3) show that most of the sutures are still present, and
that where the sagittal is dying out, there a crest is forming between the top of
the large temporal muscles. Also a lambdoidal crest is seen behind the wide
interparietal (i.p.), which, however, is confluent with the proper supraoccipital
(fig. 4, s.0.). The coronal suture is \\/-shaped, the bones being strongly dovetailed into
each other. The large, long nasals (n.), narrow behind, take up about a third of the
gently arcuate dorsal line of the skull ; the frontals (f.) flank them in front, but do
not reach the large ascending plate of the premaxillaries (px.), the much larger
maxillaries (mx.) intervening. ~An oblique ridge separates a deep fossa above from
the large lachrymal passage (I.c.) below ; this passage is on the edge of the orbit, but
most of the bone, now largely fused with the maxillary, is inside the orbit. The
orbital space opens freely into the temporal fossa, and the outlines of the bones that
form the whole of this concavity can be well seen for the most part, the fusion of the
lachrymal with the maxillary being exceptional. Down at the base of the orbit the
orbitosphenoid can be seen passing within the alisphenoid, and some distance outside
the former the alisphenoid and maxillary meet and form a narrow longitudinal bridge
over the thick edge of the palatine bone (pa.).

The infraorbital foramen (V2.) is large, and so is the canal that runs backwards into
the skull through the hinder part of the sphenoidal fissure, for the alisphenoid
(Plate 20, fig. 6, al.s.) is deeply grooved for this large 2nd branch of the 5th nerve.

The jugal (j.) is moderately strong; it reaches the glenoid fossa, but is sharp
there ; it does not dilate, terminally, as in the Marsupials. Part of the basis cranii and
the auditory ring can be seen from the side view, but the lower view (Plate 21, fig. 1),
alone, displays these parts well. The premaxillaries and maxillaries ( pa., ma.) at their
palatal junction leave a considerable space (a.p.f.), right and left, through which the
recurrent cartilages and JAcoBSON’s organs can be seen. The palatine processes of the
premaxillaries are long but lie above those of the maxillaries ; they have added to their
substance and length, the antero-lateral vomers or splints of JAcoBsoN’s organs. The
palatine plates of the maxillaries form a fine large concave roof’; they are followed by
the imperfect plates of the palatine bones (pa.). The fenestra seen in each bone in the
5th stage (Plate 20, fig. 1, pa.) is now a deep notch open in front, for each palatine bone
is now formed in its lower part and fore half into a flat fork with long ragged *tines;”
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the inner being the larger and uniting by a “harmony suture ” with its fellow of the
opposite side. The ascending part of the palatines is strong and has coalesced with the
external pterygoid plates (e.pg.) on the outer side; they have not united with the
pterygoids (pg.). The hind margin of the hard palate, formed by the palatines, which
have not united with the maxillaries, is an elegant archway with a strong upper lintel
over it, formed by a thick rib on each of the palate bones; these ribs meet at the
mid-line at a very obtuse angle. )

The elements of the basis cranii behind and below are fast coalescing with each
other ; the sutures of the hind skull, however (fig. 4), are most of them visible.

The paroccipital processes (p.oc.) are thickish and somewhat foliaceous ; they finish a
semioval occipital plane, with its large convex obliquely pyriform condyles (oc.c.). But
in front of the occipital arch the mastoid processes (fig. 4, op.) project like wings and are
there strongly sutured to the postglenoid process of the squamosal (sq.), which is
pneumatic, and has its own foramen. There is a large foramen lacerum posterius
for the 9th and 10th nerves, and a lesser foramen condyloideum for the 12th
(fig. 1, XI.).* The ossified auditory capsule has already been described (6th Stage,
Plate 20, fig. 4), but the posterior sphenoid, and the turbinal folds of the nasal
labyrinth, with the interior sphenoid can be well studied in this scarcely adult stage,
whilst the parts are still capable of being taken to pieces to a considerable degree.

The posterior sphenoid shown in its upper aspect (Plate 20, fig. 6), is a large winged
bone, with a ragged outline and a multiperforate surface.

The large foramen ovale (V3.) is at the hinder and the middle third of each great
wing (al.s.) ; the 2nd and 1st branches of the 5th nerve pass with the lesser orbital
nerves out of the sphenoidal fissure.

The fore part of the bone does not fit itself to the hinder part of the anterior
sphenoid (Plate 21, fig. 7, 0.s., p.s.), except at the middle ; the pointed fore end of each
large wing grows outside, free of the orbitosphenoid. The outer and hinder part of
each wing is rounded, and this upper surface is broken ; it is strongly grooved where
the 2nd branch of the 5th escapes from the 3rd and runs forwards and inwards to
the great fissure. The narrow front part of the basisphenoid lies some height above
the wings, and the bone has several small perforations at this part. The hinder
broad part of this bar is very gently hollowed for the pituitary body, and the post-
clinoid wall (p.cl.) is extremely low.

The lower surface of the bone shows the greatest number of diagnostic marks of a
typical Insectivorous skull. The inferior wings, external pterygoid processes (e.pg.), and
pterygoid bones (pg.), are well developed and have a good fossa between them. The
latter are distinet from the palatines, but have come away, in disarticulation, with the
basisphenoid, having already become anchylosed to it, above. Between these internal
plates the bone is sharply grooved, but, behind, between the tympanic wings, the basi-
sphenoid has a large cup-shaped recess which might have lodged some such body as

* For XI. read XII. in this figure.
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the pituitary. This recess is bounded, behind, by a snag from each tympanic wing.
These wings are deeply notched in front, on their outer side, and in front of the notch
the alisphenoid has a strong rib of bone running with its concave outline forwards to
join the external pterygoid process. This rib is itself notched in the young, but in old
specimens this notch is converted into a foramen. Here in this immature specimen
the hole is finished only on the left side—wight in the figure.

The same parts are seen from the hinder aspect of the bone (Plate 20, fig. 8).

The anterior sphenoid (Plate 21, figs. 7, 8) is less than half the size of the posterior ;
it has coalesced with the compound ethmoidal bone, behind the extensive olfactory fossa
with the underlying cribriform plate (cr.p.). The sinuous wings (o.s.) are deeply
grooved, transversely, near their hind margin ; these grooves lead to the optic fora-
mina (II). These wings are formed by the ossification of only the proximal or
lower part of the original cartilage (see Plate 17); they lessen, forwards, like the
large wings, and grow down into a keel on each side before they unite to form the
short presphenoidal bar. .

This skull is doubly desmognathous, for the vomerine series of bones unite the two
halves of the nasal labyrinth into one common complex structure (Plate 21, figs. 7-9) ;

“this is very common in the Mammalia; and is sometimes seen in Birds (e.g., Gymnorhina
—the Piping Crow of Australia), where the maxillary palatine floor has an ethmo-
vomerine floor completed above it.

The antero-lateral vomers have coalesced with the palatine plates of the premaxil-
laries, lengthening them considerably ; and the postero-lateral plates have coalesced
‘with the outside of the forks of the main vomer (Plate 21, figs. 7-9), the latter is a
long thickly carinate bone, bluntly pointed in front.

That which is most important to remark upon in the ossified nasal labyrinth itself is
that the various turbinals—mnasal, inferior, middle, superior (n.tb., 7.th., m.tb., u.th.)—
are transformed into a light and porous kind of bone, but when the investing bones—
nasals, frontals, &c.—are peeled off them the wall is found to have been absorbed ; the
succeedaneum to this wall is the outer investing plate. Hence, these coils, when
stripped before they are anchylosed to the investing plates, have large vacuities
between them, displaying their folds. This is due to the fact that the secondary folds
or turbinals, ossify first, and only so much of the primary wall becomes ossified as gave
origin to these out-growths ; the intermediate spaces are absorbed, being pressed upon
and defended by the superficial bony plates.

The pre-olfactory region occupied by the inferior or maxillary turbinal (Plate 20,
figs. 9, 10, front and side views) is very large, and this part is exceedingly complicated,
as indeed it is in most of the Eutheria ; in the Rabbit and the Dog, as well as in the
Hedgehog.

The lower jaw (Plate 21, figs. 5, 6) is fairly intermediate between that of a Marsupial
and that of a high Mammal ; the three proximal processes are all large and well formed,
and the lower, or angular, is somewhat inflected as well as thickened.
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The incus and stapes have altered very little since the last stage (Plate 22, figs. 10,
11, 4., st.); but the malleus (Plate 22, fig. 12) has lost all its large (metatherian) fore-
growth, only a fine, sharp, processus gracilis ( p.gr.) now remains.

The hyoid arch (Plate 22, fig. 14) is well ossified, now ; the epihyal (e.hy.) is con-
tinuous with the ear-capsule, above, and is joined to the upper ceratohyal (c.hy.),
below, by a tract of non-segmented cartilage. The lower ceratohyal (c.hy’.) is about
equal to the upper in size, and the hypohyal (h.hy.) is only half as long, but broader ;
all these as well as the basal piece and thyrohyals (b.h.b.r., t.hy.) are united by
joints, mostly with a perfect joint-cavity. The “annulus” (Plate 21, fig. 1, a.hy.) has
all its irregular bony nodules confluent with the main bar.

On the Skull of the Common Mole (Talpa europzea).

My materials for working out this type have been very copious; my work links
itself on to that of Mr. Warrer HeAPE (Quart. Journ. of Micr. Sc., July, 1883), to whom
I am indebted for some of my best specimens.

These materials are divisible into arbitrary Stages, as follows :—

Stage 1.—Embryos of Mole, 1 of an inch long; (this and the next were measured
round the curve formed by their head and body, the tail not being reckoned ;
the rest were measured first from snout to occiput, and then from occiput to
root of tail, and these were added together to give the full length, of course,
excluding the tail).

Stage 2.—Embryos of Mole, % of an inch long.

Stage 3.—Embryos of Mole, 7} and 8 lines (twelfths of an inch) long.

Stage 4.—Embryos of Mole, £ and % of an inch long.

Stage 5.—Embryos of Mole, 1 inch long.

Stage 6.—Embryos of Mole, 1% inch long.

Stage 7.—Embryos of Mole, 1} inch long.

Stage 8.—Ripe young of Mole, 13 inch long.

Stage 9.— Young Moles, three or four days old ; 12 and 1£ inch long.

Stage 10.—Young Moles, 3 inches long.

Stage 11.-—Young Moles, two-thirds grown.

Stage 12.—Young Moles, three-fourths grown.

Stage 13.—Adult Moles.

First Stage—Embryo of Mole, % vnch long.

This stage (Plate 16, fig. 1) is, here, merely studied from its outer aspects; it is
very profitable for comparison with the corresponding stage in other Mammalia and
in the Vertebrata, generally ; it is nearly half as long as a similar embryo of a large
Mammal would be. :

About twenty-eight somatomes can be made out; the heart is still seen in a large
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pouch that projects from the ventral aspect of the embryo. The fore limbs are large
flat buds behind the middle of the larviform embryo, and the hind limbs are much
smaller and are curved inwards on each side of the rudimentary tail. The meso-
cephalic flexure is well marked, and the cerebral vesicles very large; the long,
lobulate hind-brain is covered with a very thin layer of tissue. The pineal elevation is
to be seen between the fore- and mid-brain, and the fronto-nasal process against the
former vesicle. Between these parts the notch which contains the rudimentary
olfactory organ is seen; this is bounded, above, by a band which runs into the large
maxillo-palatine lobe. This lobe is separated by a sharp notch, the oral opening, from
the rudimentary mandible, behind which is the hyoid fold, and the first branchial fold ;

these are separated by clefts.
Over the maxillo-palatine lobe the small eye-ball is seen, and over the hyoman-

dibular cleft the oval auditory sac,
Second Stage.—Embryo of Mole, % inch long.

I have had sections® made of the embryos at this stage; these have been studied,
but not figured, as the tissues of the skeleton were in an ndyfferent state, and it is not
part, of my plan, as a rule, to give histological figures.

The external form, however, in this stage is very important (Plate 16, figs. 2—4), as
the influence of heredity, which had begun to show itself in my first stage (fig. 1), in
the large size of the rudiments of the fore limbs, is here very evident indeed.

The limbs are now, evidently, pentadactyle ; but the fore limb is also very large,
and close to the head.

The folds of the outer skin are now perfecting themselves, we see the eye-ball
in its circular setting, the external meatus of the ear is formed, and the outer

nostril, with its rim complete.
Third Stage.—Embryo of Mole, 7% and 8 lines long.

In an embryo two-thirds of an inch long (Plate 16, fig. 5) the fingers and toes are
distinct, and the small pig-like creature has got a distinct circular eyelid ; the meatus
‘externus is very small, and encircled with a fold, and the nostrils are now well
fashioned.

The true hyaline cartilage is now differentiated, and in this stage I shall give a
description of the sections made from a specimen scarcely two-thirds of an inch
(7% lines) long. The dissected figures of the skull of the next stage (§ inch long,
Plate 25, figs. 2, 8) will serve, like a ground-plan, to explain both the sets of sections,
namely, those of the same stage, and those of this earlier embryo.

From about 200 exquisitely sectioned and perfectly stained slices of this small

* These and most of my sections were made for me by my son, Professor W. N. PArkEr ; those of the
next stage were made by, and belong to, F. Punross, Esq.
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head—381 lines long—I have only figured twelve, but some of these are drawn as
separate half sections; they were somewhat oblique.

Section 1 (Plate 23, fig. 1).—This is close to the hind part of the alinasal region (al.n.),
at the beginning of the aliseptal. The nasopalatine canal is open below, and here,
behind the narial valves, the cavity is high and simple. The septum nasi and alinasal
folds (s.n., al.n.) are well developed ; the thickness of the former, below, is due to
the size of the intertrabecula, and the cartilaginous walls are thickening above to
form the nasal turbinal, and below to form the inferior turbinal. :

In the thick mass of tissue below the septum the recurrent cartilages (rc.c.) are
seen, they are placed subvertically, and are thick above and thin below ; outside them
JACOBSON’s organs (j.0.) are shown, and inside them the palatine processes of the
premaxillary ( p.pax.).

The hind part of each premaxillary (px.) is cut through laterally, there are two
lamine of bone meeting, above, at an acute angle; below, in the mucous membrane,
a tooth-pulp (p.) is shown ; the nasals (n.) are forming, above.

Sections 2 and 3 (Plate 23, figs. 2 and 3).—These, which were one oblique section,
show, on the deepest side (fig. 3), the remarkable manner in which the rudimentary
nasal turbinal (n.tb.) encloses an oval space; below that space the cartilage grows
inwards, and is pedate ; this is the inferior turbinal. Here, inside JAcoBsON’s organs
(7.0.), the recurrent cartilages (rc.c.) are thick throughout, and the little vomerine
bones are not apparent. The maxillary (mx.) comes into the section hers, and the
nasals (n.) are seen, above. In this, as in the last, mucous crypts are seen here and
there between the lining of the nose and the cartilage ; the whiskers are cut through
in the outer skin, and a tooth-pulp is shown below. :

Sections 4 and 5 (Plate 23, figs. 4 and 5).—These, which were one obhque section,
were made through the middle of the eye-ball (¢.) on one side, and on both through
the olfactory lobes (CY.). It also takes in the lower face, with the tongue (tg.). The
mass of soft tissue under the olfactory lobes will be differentiated into the cribriform
plate, the olfactory nerves passing through its meshes. This is behind the roof of
the nasal labyrinth, and thus the septum, here, the perpendicular ethmoid (p.c.), has
a free upper edge— the region of the crista galli.

~ In the side which is the foremost part (fig. 4), the nasal wall passes a little over,
above, and under, below, and sends inwards a large plate of cartilage, which is
bifurcated and very thick at its inner part Here we have the rudimentary middle
turbinals (m.tb.). The same is seen on the other, or hinder, side, but above; the
section is near the orbitosphenoid, or fore part of the cartilaginous cranium, for it is
continuous with the nasal labyrinth (al.e.); the frontal bone (f".) is seen outside it..
Also, below the bulbous base of the middle ethmoid, formed here of all the three
trabecule, the hinder forks of the vomer (v.) are to be seen; whilst below, on the
palatine ridge, the palatine plate of the palatines (pa.) is cut across. Below, outside
the base of the tongue (¢¢.), the dentary (d.) and MECKELS cartilage (7727< ) come into
view.

MDCCCLXXXYV. Y
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Section 6 (Plate 28, fig. 6).—This Jarge partial section is through the back of the
eye-balls (e.), the front of the cerebral hemispheres (C“.), and the hind part of the
nasal labyrinth. The perpendicular ethmoid (p.e.) is, as in the last, a wall standing
alone, rounded, but thinnish above, thick and bulbous below ; at present, the whole roof
of the labyrinth, or floor of the cranial cavity at that part, is void of cartilage ; there
are two nasal passages (n.p.) on each side, and between them the rudimentary middle
turbinal is growing. The floor of cartilage is imperfect below ; the wall (al.e) passes
into the orbitosphenoidal lamina, above, and there is a fissure more than half-way
down. The raphe formed by the meeting together of the right and left palatal
laminze is strengthened, still, by the palatine plate of the palatine (pa.); a wide,
but not deep passage (i.p.c.) is seen above this second floor. The root of the tongue
(tg.), tooth-pulps, and the dentary bone (d.), with MECKEL'S cartilage (mk.) inside it,
are all shown in the lower part of this section.

Section 7 (Plate 23, fig. 7).—Here the cerebral hemispheres (C'“) are large, and the
wide orbitosphenoids (0.s.) form the floor of the cranial cavity; they are continuous
with the presphenoidal bar {p.s.), which is oval, with the long diameter transverse.
The wings themselves (0.s.) are thinner and then thicker, twice over. This section is
diagnostic of a Hutherian skull ; the alisphenoid (al.s.) comes into the same section with
the orbitosphenoid {0.s.) lying outside it, and they have the Gasserian ganglion (V.)
between them. Here the pterygoid bones (pg.) are cut across, and the little nodule
of cartilage, which becomes the pterygoid (pg.c.). We also see the undiminished
Meckelian rod (mk.) with the growing ramus of the lower jaw (d.) outside it. The
large nasopalatine canal is constricted in the middle, and has the ceratohyals (c.Ay.)
in section below it. ,

Section 8 (Plate 23, fig. 8).— This section is through the fore part of the basi-
sphenoidal bar (b.s.), close behind the presphenoid ; here it has been formed by the three
trabecular bars, the hind part of the intertrabecula wedging in between the paired
trabeculee, ,

The angle of the orbitosphenoid (0s”.), and part of its lower hind margin, has been
cut through ; this latter band is, however, far from the basal beam ; it lies over the huge
Gasserian ganglion (V.), the fore part of which is here scen in section ; this mass lies on
the out-thrust alisphenoid (a/.s.) which is hollow above, and has a thick upper edge.
On the inside of each alisphenoid the upper part of the corresponding pterygoid is
cut across, and below the alisphenoid is the lower jaw or dentary (d.) developing
outside MECKEL’s cartilage (mk.); it is an oblique long oval tract, hollow in the inside
where the rod of cartilage lies. The wide nasofaucial passage is constricted at its
middle ; below it, part of the larynx is seen, and on the outside the ceratohyal (c.hy.).

Section 9 (Plate 23, fig. 12).%—This section is directly in front of the pituitary body
and sella turcica; and here the alisphenoid is cut across, where it runs near the

* The re-arrangement of most of these figures as half-sections, 8o as to get them into a smaller space,
has produced some confusion ; the figures do not always follow in regular succession on the Plates; but

the numbers give the correct order, except in this instance.
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basisphenoid (b.0.),* the tympanic wings of which are seen as projections, below.
A small tract of each wing is seen above the internal carotid (i.c) entering
the skull, and the orbitosphenoidal band (0.s".) is also seen at one-third of the height
of the side-wall. The inner margin of the huge Gasserian ganglion (V.)—here
cut across its middle—lies in the bend of the artery, it reaches more than halfway
outwards and upwards to the orbitosphenoidal band.

The angle of the outer mandible (mn.) is cut through, and below, and further
inwards, MECKEL’s cartilage (mk.).

Over MECKEL's cartilage the curved section of a considerable tube is seen, and also
under it and nearing outwards a much larger space ; the upper cavity is the beginning
of the Eustachian tube, and the lower the tympanic cavity. Outside the latter
a patch of cartilage is shown; this is part of the meatus. Under the inner
edge of the tympanic cavity the epihyal cartilage (e.hy) is cut off close to its junction
with the ceratohyal ; and towards the mid-line the hypohyal (%.Ay.) is severed near
the larynx (lz.), part of the cartilage of which is laid bare.

Sections 10 and 11 (Plate 23, figs. 9 and 10).—These two half sections show the
pituitary body (py.) above and in front of the ascending postclinoid cartilage, in the
upper surface of which we see the point of the notochord. The auditory capsules (chl.)
are cut across ; they lie a considerable distance from the basisphenoid (b.s.). The
orbitosphenoidal band (0.s.) is present here, it soon becomes the supra-auditory crest.
Over the auditory capsules the Gasserian ganglia (V.) are seen cut across in their hind
part, and below them the geniculate ganglia (VIL.).

In fig. 9, the tympanic cavity is cut across; outside and below it the meatus
cartilage is shown. The small upper piece is outside the head of the malleus (ml.),
below which the body of the incus is seen, whilst its long crus is shown as
turning inwards towards the capsule; the fenestra ovalis is cut across at its front
margin in fig. 10, but the stapes is massed.

Section 12 (Plate 23, fig. 11).—In this partial section we see the basilar artery (b a.)
cut across obliquely over the hind part of the basioccipital (b.0.) ; here the large hind
part of the cochlea (chl) touches the basisphenoid, ready to coalesce with it. The
orbitosphenoidal band (0.s".) is now very deep, close in front of its supra-auditory
continuation.

The geniculate ganglion is still seen, and also under it the passage in the top
of the auditory capsule for the facial nerve (VIL.), which enters its canal at this place.
The outer wall of the auditory capsule is deficient in two places here; the upper
deficiency is partly filled up by the base of the stapes (st.), it is the fenestra ovals;
between its base and apex the stapedial artery (st.a.) is seen as it passes to the inside
of the mandible. The other space, not stopped up by cartilage, is the fenestra rotunda ;
the outer part of the capsule with its tegminal projection (f.ty.) is seen external

* The letters of reference should have been b.s., and only one line to 7.c.
1 The line of reference to the figure is made too low down.
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to the stapes, and the epihyal (e.hy.) growing from it; the notochord (nc.) is
compressed in the middle of the basal cartilage.

Section 13 (Plate 23, fig. 18).—This partial section is near the last, and shows actual
fusion of the capsule with the basis cranii (b.0.), and the inferior position of the noto-
chord (nc.). The lateral band (0.s.) is not yet continuous with the auditory capsule,
which is, here, cut through at the meatus internus. The tegmen tympani (t.ty.), is
. severed near part where the short crus of the incus is articulated, and the stapes (st.)
is cut through behind the middle, so that the stapedial artery has been removed.
The two fenestrse have a convex tract of the capsule between them.

‘Section 14 (Plate 23, fig. 14).—The top and bottom of the section are left out, and
the capsule is drawn with the investing basal cartilage (b.0.). Under this sinuous
thinnish plate of cartilage the notochord is seen, and above it the basilar artery.
The crest of cartilage is now the supra-auditory, and the recess outside it at its
junction with the capsule will be filled in by the squamosal bone. The tegmen
tympani is cut through behind the incus; but the fenestree (fs.0., fr.) are still in
view, the anterior and horizontal canals (a.s.c., h.s.c.) are also seen.

Section 15 (Plate 28, fig. 15).—The supra-auditory cartilage (s.a.c.) is deficient
below, where it passes into the supraoccipital. From the great obliquity of the
capsule we still have the semicircular canals; the anterior (a.s.c.) and the horizontal
(h.s.c.) are here seen to be imbedded in solid cartilage; part of the vestibule is
seen below and within. The capsule is separated by a considerable space from the
basal cartilage (b.0.), which is thick and bracket-shaped ; the notochord (n.c.) has
again reached the upper face of the investing mass of cartilage ; the vagus and glosso-
pharyngeal nerves (1X., X.) escape through the interspace, right and left, between the
capsules and the basis cranii ; the foramen for the hypoglossal (XIL., f. condyloideum)
has been laid open. These sections of the newly chondrified skull will be better

understood after I have described the next series.

Third Stage (cdntinued).——Dissection of the visceral arches of an embryo Mole;
2 wnch long. '

An inner view of these parts, in connexion with the auditory capsule, is shown as
drawn from an outspread preparation ; the osteoblastic tracts had been removed from
MeckEL’s cartilage (Plate 28, fig. 1). The part of the capsule containing the semi-
circular canals (a.s.c., h.s.c., p.s.c.) is in its natural relation to the arches, and shows
their extreme obliquity. The capsule is cut away so as to show the base of the stapes
(st.) in the fenestra ovalis. That part of the hyoid arch which corresponds to the
epibranchial—the epihyal (e.hy.)—is seen to be outside the stapes, and to be con-
fluent with the capsule a little above the insertion of the head of the pharyngohyal
(stapes). The junction of the inturned end of the long crus of the incus (Lc.i.) is
from the eye in the figure, and is hidden by the base of the stapes, the perforated
stem of which is at a right angle to that part of the incus. Looking upon the short
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crus of the incus (s.c.e.) as the morphological equivalent of the “ otic process” of the
quadrate of a Bird, Reptile, or Amphibian, and remembering that the “orbital
process” is suppressed in this Mammalian suspensorium, we see by this figure that
the incus is well in front of the auditory capsule. Indeed, it is as definitely in front as
in the embryo of any of the Sauropsida, in some of which the otic process, wlti-
mately, runs backwards to be articulated with the fore edge of the occipital arch,
beyond the auditory capsule, altogether. :

The body of the incus (i.), as well as its two crura, is already of the normal shape,
and so also is the malleal portion of the primary mandible, with its bulbous head, and
its large, forwardly-turned manubrium (ml., mb.). The large, terete, sigmoid Meckelian
rod (mk.), after uniting with its fellow of the opposite side, runs into a basimandibular
spike (b.mn.). '

Here, normally for a Mammalian hyoid arch, but not for a branchial arch, as such,
there are three segments below the flat, rounded epihyal (e.hy.), which is not united
with its own uppermost segment, but with the auditory capsule. Nor is it united
with the next segment, or upper ceratohyal (c.hy.), by cartilage, for that next lower
piece is fibrous above.

The two next segments are the straight lower ceratohyal (c.hy.), and the curved
hypohyal (h.hy.); this is the stoutest of all the segments. The common rudiment of
the basihyal, basibranchial, and first hypobranchials (b.h.br., t.hy.), is a stout, well-
formed -shaped piece, with the front edge of which the two hypohyals are articu-
lated. Over the tympanic cleft, the tympanic annulus (a.ty.) is seen, formed of a
crescent of tender bone round the membrana tympani (m.ty.).

Fourth Stage.—Skull of embryo of Mole; $ and % of an inch long.

Dessection of the chondrocranium of an embryo Mole, $ inch long.

The basal view of this skull (Plate 25, fig. 2) shows the distinctness of the olfactory
and auditory sense-capsules from the cranium proper, and the upper view (fig. 3)
displays the large amount of cartilaginous ¢tegmen,” in spite of the cruciform
fontanelle. The general outline of the skull is pyriform, the narrow nasal end being
the stalk ; this is dilated, in front, over the unferior external nostrils (en.), and again
where the alinasal region (al.n.) ends, opening below at the beginning of the aliseptal
region (al.sp.), where the inferior turbinals (i.tb.) are given off. At its middle the
nasal labyrinth swells out, suddenly, so that it is itself pyriform, and ends in front
of the orbitosphenoid (0.s.) in a large and somewhat bilobate cushion; the right and
left masses are separated by the perpendicular ethmoid (p.c.) which passes into the
septum nasi (sn.). The long alinasal region is closed below, except at the sides,
in front ; and the hinder fourth of the main labyrinth is also perfectly floored with
cartilage. The open space between these two floored regions is largely filled up by
the huge recurrent lobes (rc.c.) which support JacoBsoN’s organs; these tongue-like
tracts are three-fourths the length of the long open space, and are themselves supported.
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on their inner face by the anterior paired vomers, which are very slightly separated
from the palatine processes of the premaxillaries (p.pz.); the whole of these bony
tracts has been figured here, @n sitw. In the dilated front end of the lower opening
the inferior turbinals (v.th.) are seen, and the folds of the middle turbinal (m.tb.) in
the hinder rounded space. Where the floor turns inwards and upwards towards the
septum (p.e., s.n.), there it gives off a spike of cartilage which nearly reaches the
recurrent lobe ; this spike is the precurrent cartilage. The line of junction of
the proper cranium with the nasal labyrinth (o0.s., al.e.) is quite visible; the orbito-
sphenoidal region of the cranial wall and roof is very wide, and has a convex outer
face. The stem of each tract is narrow, and becomes, after ossification, the permanent,
small orbitosphenoid. Each band winds round behind the corresponding lobe of
nasal labyrinth, and is not flush with it, below ; the two bands are continuous with
the presphenoidal region of the prepituitary basal beam.

That beam is thickest where these bands join it ; it is mainly formed of the inter-
trabecula, for the paired trabecule are flattened against the median part, and then
cease between the hinder part of the right and left nasal floors. The chink between
the convex hinder edge of the orbitosphenoidal stem (0.s.) and the concave edge of
the alisphenoidal lobe (al.s.) is ear-shaped and curves backwards, and is large and
round against the basal beam ; this is the large sphenoidal fissure for the ophthalmic
and orbital nerves (V!). The small optic foramen is oblique, and is hidden in this
view by the alisphenoid (see fig. 3, IL). The basal cartilage is very narrow between
the orbito- and alisphenoids, and then expands suddenly, to remain wide to the end
of the skull. Here, as in all typical Insectivores, the basis cranii in the early skull
is extremely wide, ready to become pneumatic in relation to the auditory function.
Even where the large cochles (chl.) push their coils right and left against the basi-
sphenoidal, at its junction with the basioccipital, region, it is still nearly four times
as broad as at the point where the presphenoid and basisphenoid meet.

The stem of each alisphenoid scarcely becomes pinched in, but its margins are both
concave, having the emerging orbital nerves in front of it and the swelling cochlea
behind. Just where the latter concavity is seen, there the sub-basal cartilage swells
out into a mammillate mass, which looks outwards and forwards, reaching three-
fourths of the distance to the sphenoidal fissure. These solid masses, which look like
the basipterygoids of a Lizard or Bird, are the chondrocranial form of the “ tympanic
wings ;” when ossified, they become pneumatic.

The alisphenoids (al.s.) are very remarkable ; their broadest part is proximal, but
they dilate again at their outer, free edge, after becoming narrowed in by one-fourth at
their middle. Their front margin, which helps to form the sphenoidal fissure, is
concave, and their postero-external edge is cut away, so to speak, by the large
pupiform cochlese (chl.), around which the posterior edge of the alisphenoid is carefully
bound. The hind margin is a large right-angled notch; the outer edge is sinuous,
rounded, and looks forwards and inwards ; all this outer part is swollen, but perforated,
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equidistantly, in two places, by the 2nd and 3rd branches of the 5th nerve, thus
forming the foramen rotundum, and foramen ovale (V2, V3.). The thick semicircular
inner margin of this outer lobulated part stands off from the main plate, and the
whole of the outer part lies below, free of, and at a distance from, the orbitosphenoid,
which it overlaps considerably. This very diagnostic Mammalian alisphenoid is
followed, postero-externally, by a large fenestra, a space totally devoid of cartilage,
but which is being filled up by the squamosal bone; it is the upper part of the
tympanic space, and is traversed by the ossicula auditits. Round it, like a bow, the
orbitosphenoidal band (0.s".) is bent, passing, behind and above, into the supra-auditory
cartilage (s.a.c.); below, this band forms the fore part of the tegmen tympani, and the
incus articulates, by its short crus, at the junction of this lateral band with the
auditory capsule. These capsules, in their basicranial setting, are very elegant
structures; they stretch from the tympanic lobes of the basisphenoid, antero-
internally, to the feebly-expressed paroccipital ridge, right and left, postero-
externally. The cochlew (chl.) show their three coils, and the fenestrae rotundee (f.r.);
these are very large, and well seen from below.

The fenestra vestibuli is closed by the stapes (st.), a small irregular ring of cartilage.
Up to the passage for the 9th and 10th nerves (1X., X.) the capsule is very distinct
from the chondrocranium, but in the mastoid region below the semicircular canals, and
where the posterior canal is imbedded, there is more or less fusion of these parts.
The very large relative size of the occipital arch reminds one, at once, of that of the
Echidna ; here the chondrocranium is as complete as in the Skate.

The notochord (nc.) is seen from below, up to the point where it rises into the post-
clinoid wall (see fig. 8, nc., p.cl), in which the proper, primary axis of the animal ends,
and beyond which everything is of the nature of an outgrowth.* :

An elegant narrow waist is formed to the basis cranii by the pressure of the large
cochleze ; behind this part the parachordal tract expands sinuously, and runs upwards
into the side walls. The whole hind part is very smoothly rounded, and the condyles
(oc.c.) are very flat, and have a sulcus across them ; the foramen magnum (fm.) is
very large ; the f. condyloideum (XIL.) is small and far outwards, near the concave
edge of the arch.

The upper view (Plate 25, fig. 8) shows the roof of the nasal labyrinth, with its
long fore part, and its lateral lobular expansions right and left of the deep, multi-
perforate rhinencephalic recess (cr.p.). The crested intertrabecula, at its junction
with the hind part of the nasal roofs, above, shows a small crista galli (¢r.g.) ; the wall
below this part is thin above ; it is the top of the perpendicular ethmoid (p.e.), which
widens, gently, to pass into the presphenoid (p.s.). The narrow, backwardly-curved

* There are two ways of looking at the prochordal tracts of the skull—the trabeculee and inter-
trabecula; some see in these parts a highly modified, first visceral arch; I confess that, at present, they
merely seem to be ongrowths of the proper axis to finish the new, highly expanded fore part of the skull;
made necessary, in the Vertebrata, by the great expansion, even in the lowest kinds, of the neural axis.
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stems of the orbitosphenoids (0.s.) show their optic perforations (II.), close behind
the outer margins of the cribriform plate; thence the cartilage expands rapidly,
and curves over the sides of the roof as far inwards for some distance as the
lateral ethmoidal lobes (al.e.); the line of union between these parts is still visible.
Narrowing from before backwards, and bowing outwards, the cartilage runs so as to
become, first, the supra-auditory (s.a.c.), and then the supraoccipital region (s.0.)

The neat, rounded selvedge of this cranial wall and roof (tegmen cranii) forms the
outline of a huge cruciform upper fontanelle, through which, the membrane being
removed, we see the floor of the cranial cavity. Much of what has been described in
the lower view is seen here from its upper face, but the low postelinoid wall (p.cl.)
and the large multiperforate meatus internus (VIL, VIIL) are only to be seen on this
face. Also the general smoothness of the gently concave inner surface of the
chondrocranium is to be noted, and, over the top, the manner in which the supra-
auditory part of the tegmen cranii flanks the fore edge of the occipital roof (s.0.), a

sulcus marking the distinct regions.

Fourth Stage (continued).—Visceral arches of the skull of an embryo Mole ; $ inch long.

A somewhat more advanced embryo than the last yielded me a very important
stage in the development of the visceral arches. The deep and the superficial jaw
are shown in relation, with the hinge-piece (incus) attached to the fore part of the
auditory capsule. In this inner view (Plate 28, fig. 2) the ampullee of the anterior
and horizontal canals (a.s.c., h.s.c.) are laid bare, and the short crus of the incus (¢.)
is seen to be attached close in front of these parts of the membranous labyrinth ; that
process is. very short and obliquely attached ; and in this shortness and obliquity:
it shows an intermediate stage between the normal Mammalian incus, on one hand,,
and the curiously arrested. incus of a Monotreme, on the other. The long crus,
however, is well developed, and is articulated by its inturned discoidal end, with the
head of the stapes (st.), the base of which is turned towards the eye. The malleal
end of the deep mandible is well developed, and the fore-turned internal angular
process lies in the centre of a thick cushion of soft stroma—the future membrana
tympani (m.ty.). This is partly enclosed by a delicate lunule of bone, the annulus.
tympanicus (a.ty.). The posterior angular process of the malleus is almost suppressed.
The main part of MECKEL'S rod (mk.) is evenly terete and sinuous, but it is largest
near the head, and near the distal end ; there it is continued into a median process, the
basimandibular (b.mn.), into which both the rods-end. The only bony matter in this
primary mandible, as yet, is a short ring, or shaft, close behind the thick part, close to the
median rod. Morphologically speaking, this is a hypobranchial bony segment. Outside
all but the malleal portion there is, already, a well-formed superficial jaw, bony in front
and cartilaginous behind, and having a groove, on its inside, between its condyloid
and angular processes (cd.p., ag.p.) for the descending Meckelian rod, the bony
matter (d.) beginning to run up the unciform coronoid process (c¢.p.). Here, if there
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were a coronoid bone, like that of a Reptile, this postero-superior part of the dentary
would be distinct. The inner alveolar plate corresponds to the splenial bone; an
angulare, a supra-angulare, or an articulare would have to be sought for on the malleal
part of the deep or primary mandible.

The stapes (st.) was dislocated out of the fenestra ovalis in making this preparation.
I did not figure the rest of the hyoid arch.

Fourth Stage (continued).—A series of vertically-transverse sections of the head of an
embryo Mole, 2 inch long from snout to root of tail.

During the time that the embryo of the Mole grows from 15 mm. to 18 mm., the
tissues gain much increase of solidity ; this is, indeed, the best stage for studying the
structure and relations of the chondrocranium, and the superficial bony plates which
it draws to itself for increase of strength.

The long snout (see Plate 25, figs. 2, 3) admits of being sectioned into a large
number of slices; I have, however, only figured a moderate percentage of those that
were made in this case (Plate 23, figs. 16-19), which was an embryo of the same size
as that which was dissected to show the chondrocranium (Plate 25, figs. 2 and 3).

The 1st Section (Plate 28, fig. 16) is in front of the outer nostrils ; here the upper
part of the section is the narrower ; the lower is the narrow part further back. Here
the septum nasi (s.n.) is perfect, and is dilated both above and below ; the alee (al.n.)
are thick above, turn inwards below, and the thick growth below turns upwards.
Part of the folded part below is so curled round as to appear in this section as a
distinct segment.

2nd Section (Plate 23, fig. 17).—This is close to the nostrils, and the nasal passages
are seen projecting outwards, right and left. The septum nasi (s.n.) is thinnest at
this part, and here the ale nasi (aln.) turn inwards abruptly, whilst the folds that
form the floor (n.f.) are reaching further upwards.

3rd Section (Plate 23, fig. 18).—Here the narial tubes are surrounded by cartilage,
for the floor has reached the roof (n.f., al.n.), and now the septum (s.n.) is very thick
above, and of considerable thickness below the most dilated part.

ath Section (Plate 23, fig 19).—Here the roof and floor are confluent at the sides,
and in this section it is seen that the floor has turned inwards so as to project, laterally,
by its proper end, into the nasal passage, the fold uniting with the dilated septum
(s.n.)—or intertrabecula—by its upper face.

Here the mandibles are cut across in their fore part, and the basimandibular rod
(b.mn.) unites the two Meckelian rods (mk.).

5th Section (Plate 28, fig. 20).-~This is behind the snout in the front part of the
proper nasal labyrinth, which is now open below. Here the nasal septum is seen
to be merely the round intertrabecula—like that of an embryo Bird—with the nasal
roofs, however, united to it. The only remnant of the floor, so large and perfect in the

MDCCCLXXXY, VA
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last section, is a retral tract of cartilage, convex on the inner face, where it touches the
septum, and concave externally; this is the “recurrent cartilage” (rc.c.) developed
for the support of JAocoBsoN’s organ. Here the upper lips are seen, and have a hollow
palatine part between them ; below, the Meckelian rods (mk.), are distinct in the mass
of the lower jaw, over which the tip of the tongue is seen. The pulps of the whiskers
(vibrissw) are cut through in the outer thick skin.

6th Section (Plate 28, fig. 21).—Here the septum nasi is deeper, and the bulbous
part less; the aliseptal folds (al.sp.) turn inwards below ; the inturned part is the
rudiment of the inferior turbinal. The recurrent cartilage (rc.c.) was tubular between
this and the last section ; but it is now open again to the end ; here it has JAcoBsoN’s
organ (j.0.) in its concavity.' The pulp of an incisor is seen, and MECKEL's cartilages
are getting some distance apart.

7th Section (Plate 23, fig. 22).—This is a remarkable section, and very instructive.
It is behind JacoBsoN’s organs and cartilages, and is seen to be girdled with bony
tracts—the nasals (n.) and maxillaries (ma.), with their palatine plates; the base of
the deep septum (s.n.) also is supported by the main vomer (v.). The septum becomes
thin above, as it passes into the broad and solid nasal roof (al.sp.), which is convex
right and left and in the middle. The wall as it becomes floor turns inwards to form
the pedate rudiment of the inferior turbinal, which projects upwards so as to lessen
the nasal passage below. Below each shallow valley on the roof, a large lamina of
cartilage grows downwards and a little outwards, dividing the nasal passage into a
larger inner, and a lesser outer, space, both subvertical and somewhat pinched in at
the middle.

This is the “nasal turbinal ” (n.tb.), which for a short distance, fore and aft, and for
a short time during development, forms a complete secondary nasal septum on each
side of the septum proper (s.n.).

8th Section (Plate 23, fig. 23).—This is immediately in front of the olfactory fosse,
and through the fore part of the eye-balls (e.); this is the widest part of the complete
nasal labyrinth. The septum is now perpendicular ethmoid (p.e.), and the roof is in
the aliethmoidal region. The maxillary (ma.) is cut through close in front of the
orbit, and again in the palatal region, right and left of which there is a tooth-pulp (z.).
The vomer (v.) is cut through its middle, and over it the deep septum (p.e.) thickens
twice ; it also grows so as to lift the roof over it into a low rounded ridge. Inside,
near the septum, and at the upper part of the wall, there are small rudiments of the
upper turbinal folds (u.tb.), and half way down the wall grows inwards as a large mass
of cartilage, pedate in section ; this is the common rudiment of the middle turbinal
folds (m.tb.). The floor is cut through behind the inferior (properly anterior) turbinal,
it ends far from the mid-line. Below, the dentary (d.) is cut through ; over it, outside,
is a tooth-pulp, and further inwards MECKEL’s cartilage (mk.) ; the tongue (fg.) is now
developing its firenum. The palatine plate of the palatine begins to be seen in section.

9th Section (Plate 23, fig. 24).—The olfactory lobes (C'.) are cut through the
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middle in this section, and also the eye-balls (¢). Here we have apparently an open
floor to the brain, which is the roof to the nasal labyrinth, for the cribriform plate is not
yet chondrified. The solid septum (p.e.) is still convex in two places, it stands quite by
itself in the section, for the lateral ethmoidal structures at this part, are far from
it, right and left; it is supported, below, by the vomer. There is still a small
upper turbinal rudiment, and the middle turbinal (m.tb.) is in two folds; the floor
is strong, it is still at a great distance from the mid-line. Over the eye (e.) the
frontal (f)) is seen, and the maxillary palatine plates, those of the palatines, and the
Jjugal bones ( pa., j.) are seen in the roof and sides of the mouth. The tongue (¢g.) is cut
through its middle ; and the lower jaw is seen as a cruciform section of the dentary (cl )
holding a tooth-pulp (¢.) above, and MECKEL’s cartilage (mk.) below.

10th Section (Plate 23, fig. 25).—The cribriform plate (c¢r.p.) is here a large
membranous tract, right and left, hollow above and convex below.

The perpendicular ethmoid (p.c.) has lost one-third of its height, and is much
thinner above; the floor (n.) has now reached it, and each plate articulates with
its bulbous base. The wall and the last fold of the middle turbinal (m.tb.) are
thick plates, free above, and having their concave faces looking towards each other ;
the nasal canal is thus subdivided into two passages, the outer oval, and the inner
unciform, in section. Another cartilage has appeared above the low wall, and at a short
distance from it; this is the orbitosphenoid (o.s.); it is thicker below than above,
and convex outside ; at a small distance outside it a much larger part of solid tissue is
cut through, this is the frontal (f.), which, however, only forms a wall—not a roof—
to the huge hemisphere (C'«). The vomer (v.) is still seen in section, and the palatines
(pa.), with it, almost complete the fence round the bilobate nasopalatine passage.
Below, the dentary (d.) is thickening over MECKEL’s cartilage (mk.). .

11th Section (Plate 24, fig. 1).—This section is through the hind part of the nasal
labyrinth, and the nasal passage (n.p.), right and left, is single, large, and heart-shaped.
This is the last section through the membranous cribriform plate (cr.p.), and the
perpendicular ethmoid (p.e.) is but little above half its original height ; the nasal wall,
being cut through obliquely to its plane, looks extremely thick. The ascending floor
is still articulated with the bulbous middle wall. Here the orbitosphenoid (o.s.) is
larger, and is sharp both above and below ; it almost reaches the nasal wall. The
frontals (f.), the palatine (p.), and the forks of the vomer (v.) are seen in section ;
also MECKEL'S cartilage (mk.), and the dentary (d.) below.

12th Section (Plate 24, fig. 8).—This and the next section have been accidentally
transposed : the back wall of the nasal labyrinth is here seen and the fore part of
the Gasserian ganglion (V.).

This part shows a very deep orbitosphenoid (o.s.), resting by its thick base upon a
cartilaginous fold growing out from the back of the nasal labyrinth; although
the orbitosphenoid (o.s.) was cut through, the small optic foramen was caught
in this section. The presphenoid (p.s.) is almost trilobate, and is composed of the

z 2
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three trabecular hars—the trabeculee right and left, and the intertrabecula above.
the fore edge of the alisphenoid is not yet reached, but the fore part of the Gasserian
ganglion (V.) is shown. On the side of the wide, oblong nasopalatine canal (n.p.)
the pterygoid bone and cartilage (pg., pg.c.) are cut across, and below we have still
the dentary with MECKEL'S cartilage (mk.), and also with the superficial cartilage that
forms the condyloid and angular regions; the ceratohyals (c.hy) are also seen in this
section.

18th Section (Plate 24, fig. 2).—This partial section shows the orbitosphenoid (o.s.)
in two parts, the postero-superior band, and the hind margin of the stem ; the basal
part (p.s.) is fusiform. Below the stem of the orbitosphenoid, at a considerable
distance, the alisphenoid (al.s.) is seen as a thickish plate, curved downwards, and
beaded at its outer edge. Its concavity makes a nest for the large Gasserian ganglion
(V.), which is protected above by the orbitosphenoid. Two thick rods of cartilage
are cut through between the alisphenoids, one on each side of the broad nasopalatine
passage, they turn inwards and downwards, and are capped with a film of bone
above, these are the pterygoid cartilages, with the growing pterygoid bones (see
fig. 3). Below we see the mandible as one large folded tract of bone (d.) embracing
three cartilages; the middle of these is the Meckelian rod (mk.), the others are the
condyloid and angular parts of the superficial slab. Below the oral cavity (m.) the
ceratohyals (c.hy.) are seen.

14th Section (Plate 28, fig. 4).—Here the same parts are better seen, than in the
last, in a more symmetrical figure.

15th Section (Plate 24, fig. 5).—Here only the posterior band of the orbitosphenoid
(0.5".) is seen, for the basal part (b.s.) now runs into the alisphenoid (al.s.), which is
cut through proximally, at its postero-external angle. The Gasserian ganglion (V.)
still lies on it, at its proximal part, the cartilage dipping considerably to form a
nest for it. Here the basisphenoid (b.s.) is formed of the outspread and coalesced
trabeculz, this part being somewhat in front of the pituitary space. The squamosal
(sq.) is seen outside the angle of the alisphenoid, and MECKELS cartilage (mk.),
the latter, the end of the angular, and part of the articular cartilage (mn.), are also cut
ACross.

There are three cavities laid open, namely, the nasopalatine (n.p.c.), the mouth (m.),
and the larynx (Iz.); the Eustachian tubes are also laid open in their inner half,
continuously with the nasopalatine passages. Besides the cartilage of the larynx, the
epihyal, and hypohyal (c.hy., h.hy.), are cut through.

16th Section (Plate 25, fig. 6).—This is from a little further backwards than the
last, and takes in part of the meatus auditorius externus, with its lining cartilage
(m.a.c.). This partial section is below the orbitosphenoidal band, and behind most
of the alisphenoid (al.s.); outside the proximal part of that wing, which is cut through
below the Gasserian ganglion (V.), MECKEL’s cartilage (mk.) is seen high in position,
and large in size. The Eustachian tubes (ew.) are laid further open than in the last
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section, and besides the hyoid rods (e.y., h.Jy.), the thyroid cartilage, as well
as the arytnoids (/x.) are cut across.

17th Section (Plate 24, fig. 7).—This section is through the basisphenoid (b.s.), close
behind the edge of the alisphenoid (al.s.), which, however, is caught further outwards,
still bearing the Gasserian ganglion (V.). The hinder edge of the soft palate is cut
through, and the nasopalatine canal (n.p.c.) is nearly continuous here with the mouth
(m.). Besides the hyoid and cartilages (e.ky., h.hy.), and the larynx (l.), the upper
tracheal rings are seen in section. The tympanic cavity (c.ty.) is laid open, and
also the inner part of the Eustachian tube (ew.); here the meatus cartilage (m.c.)
is thick. MEeckEL’s cartilage is now thick : it is the fore part of the head of the
malleus (ml.) that is seen at this point; above it a small tract of the tegmen tympani
(¢.ty.) is also brought into view ; outside these cartilages the squamosal is shown.

18th Section (Plate 24, fig. 8).—This section is behind the alisphenoid and through
the ganglion geniculatum (VIIL., VIIL); also, besides a small piece of the tegmen
tympani, the fore part of the cochlea (ckl.) is cut across. In this and the last section
the basisphenoid (b.0.)* is concave below, this is because the mammillary processes that
form the foundation of the “tympanic wings” are cut through (Plate 25, fig. 2, b.s.).
In the hollow we see the large faucial passage (pha.), which opens into the larynx (a.).
The laryngeal and tracheal cartilages are similar to those of the last section, and so
are the hymd (e.hy., h.hy.) ; beneath the epihyal, the chorda tympanic nerve (VII)
is seen in section. Inside the squamosal, and under the tegmen tympani, the whole
head of the malleus, with its manubrium, is shown ; the latter pushing the membrana
tympani before it ; this is behind the Eustachian tube.

19th Section (Plate 24, fig. 9).—This section of the cranial basin is oblique and may
serve as two ; the right side is from a point in front of the left ; and from the some-
what sinuous direction taken by the razor, some things on the left side belong to
points in front of the parts shown in the last (fig. 8).

The orbitosphenoidal band and part of the parietal (0.s., p.) are cut across, above ;
whilst the squamosal (sq.) and the meatus (m.a.c.) are seen lower down. Here, again,
the head of the malleus (ml.) is seen in its whole extent, capped by the tegmen
tympani, and with its manubrium pushing inwards the membrana tympani.
Over the malleus, the ganglion geniculatum (VII., VIIL) is seen, and under the
tympanic cavity (c.ty.) the ceratohyal (c.hy.). On that side the cochlea (cAl.) is just
laid open, on the other it is cut across its middle. Between the two, the basisphe-
noid (b.0.)t has becomes thicker and narrower, and it is still concave below ;
it carries, here, the pituitary body (py.). The obliquity of the section is shown by
the form of the upper part of the fauces ( pha.) below the basis cranii.

The left side is very instructive, for it shows the other elements of the ear-
chain behind the malleus. This is the front view of the section, and thin as it is, the

* The letters of reference in this and the next figure should be b.s.
t The letters of reference should have been b.s.
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incus (7.),* is seen to be nearer to the eye than the stapes, the fore margin
of which lay somewhat back. Here part of both the parietal and squamosal
(p., sq.) are shown and also the orbitosphenoidal band, now the supra-auditory,
where it rests upon the crest of the auditory capsule. Below that crest the
thick outer edge of the capsule is seen forming the tegmen tympani (Z.ty.) under which
the body of the incus (z.) is shown, ¢n fiont of the stupes. The canal for the facial
nerve (VIL.), is cut through, outside the cochlea (cil.), and under the cochlea part of
the vestibule is laid open just at the fore end of the fenestra ovalis. Under the
incus (i.) a small cavity is seen, this is the hind part of the tympanic cavity which
is very small even further forwards; there is very much soft tissue filling in the
spaces here. Under the auditory capsule, on the outside, the epihyal is seen (see
also Plate 25, fig. 2, e.hy.), and to it is articulated the top of the ceratohyal (e.hy.).t

20th Section (Plate 24, fig. 10).—The description just given may serve for the
next section, but this being a little further back the hole in the stapes (st.) has been
reached. In this the facial nerve (VIL.) was found in two places, besides the one
above, owing to the curve it takes in its course. The cochlea is most open on the left
side, and on the right it is cut through at its proximal part, and the vestibule is
opened through the fenestra ovalis.

21st Section (Plate 24, fig. 11).—This next oblique section shows the malleus (ml.)
on the right side, behind its manubrium ; below it is the tympani cavity (c.ty.) and the
facial nerve and geniculate ganglion (VIL., VIIL) are seen above it. There is still a
considerable space between the auditory capsule (chl.), and the thick oblong section
of the basis cranii, now the basioccipital (b.0.). The hyod bar (e.hy.) is cut through.
obliquely, and under it the facial part of the seventh nerve (VIL)is shown. On the
left side the supra-auditory cartilage (s.a.c.) is continuous with the capsule, and so also
is the basioccipital plate (b.0.). Here the razor passed through the meatus internus
(VIIL), and the fenestra ovalis ; in the latter the stapes (st.) is shown exactly through
its middle, with the stapedial artery (st.a.) threading it. The top of the epihyal only
is shown at the back of the tegmen (t.2y,), just where the short crus of the incus is
articulated. Under the stapes a small cavity is seen, part of the tympanic (c.ty.).

22nd Section (Plate 24, fig. 12).—This also is oblique, but is two or three sections
further back than that shown on the last figure. Here the right side shows the
stapes (st.) cut across with the stapedial artery (st.a.) threading it ; here, however, we
get a section of the auditory capsule showing both the fenestree, the oval and the round
(f5.0., for.),and this also shows the meatus internus (VIIL). The tegmen tympani
(t.ty.)} is deeper here, and the inner edge of the capsule (¢&l.) is seen to come down
upon the basal plate (b.0.) to unite with it. This plate is fusiform in section and
has the basilar artery (b.c.) upon it, and the notochord (n.c.) grooving its lower

* The line of reference in this figure is too short and does not reach the incus.

T In this figure for ¢ read ehy., and for e.hy. read c.hy.
1 The line of reference passes downwards instead of across.
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face ; the plate passes directly into the cartilage of the capsule on the left side.
There the vestibule (vb.) is laid open and the horizontal canal (h.s.c.) is exposed.

23rd Section (Plate 24, fig. 18). —This is only a little more than half the floor of
the skull. The supra-auditory cartilage (s.ct.c.) is now passing into the supraoccipital,
and is again free from the capsule. The horizontal canal (h.s.c.) is cut across its arch,
the posterior canal (p.s.c.) through its ampulla, and the anterior canal (a.s.c.), above.
The large space between the capsule and the basal plate allows the 9th and 10th
nerves (IX., X.) to pass, and the large size,and the thick edges of the basal plate
(b.0.) is due to the fact that the condyles are cut across. The notochord (n.c.) is
now directly beneath the basilar artery (b.c.); it is seen again in the attached wedge
of the awis (ax.) ; the condyles of the atlas (at.) are also seen.

24th Section (Plate 24, fig. 18).—The basilar plate and condyles (oc.c.) are cut
across in this section in the fore part of the foramen magnum. The roof-cartilage
(s.a.c.) lies upon the auditory capsule. This latter shows inside it the hinder part of
the horizontal canal, and the neck of the posterior canal (p.s.c.) close to the ampulla.
In this, as in the last, the cartilage is very solid above and behind the canals.

The 1st, 2nd,and 8rd vertebre (at.,ax.,and below it,a small nucleus),are partly shown.

Fifth Stage.—Dissection of the lower face and throat of an embryo Mole ; 1 inch long.

There is very little difference between these parts in an embryo an inch long and
the same in one four-fifths of an inch (Plate 28, figs. 3 and 2). But in the larger
embryo I was able to get a side view of the stapes (st.). It is shown in the figure
dislocated from the incus (¢.), and thus the triangular form and the round hole are
shown. The incus also has its discoid articular facet for the stapes turned towards the
eye. The facial nerve (VIL.)is seen in its canal, and in front of it the epihyal (c./y.)*
is seen to be confluent with the auditory capsule (au.), but only connected with the
ceratohyal (c.hy.) by ligamentous fibres. The extremely thick and soft membrana
tympani (m.ty.) is just beginning to have an osseous deposit in ils rim, and its fibres
radiate from the front of the manubrium mallei (mb.). The distal ossification on
MECKEL's cartilage (mk'.) is elongating, and the dentary bone (d.) is creeping up the
coronoid and condyloid processes of the superficial cartilage (c.p., cd.p.). There is no
malleal ectostosis, at present.

Sizth Stage.—Dissection of lower face and throat in an embryo Mole; 1% inch long.

In an embryo a little more advanced than the last there are several things in the
facial arches worthy of notice. The superficial mandible (Plate 28, fig. 4) has not
only increased its bony matter, but the cartilage has become much more solid and in
larger quantity ; the middle process ending in the condyle (¢d.p.), especially, is a thick
rounded mass ; the glenoid cartilage (gl.c.) is seen capping the condyle. The hypo-
branchial element of the arch—the distal Meckelian ossification—is now larger, and

# Tn the letters of reference the hinder c.hy. should have been e.hy.
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under the proximal part of this rod, where the malleal enlargement is, there is a small
ectosteal tract ; the future bony centre of the malleus. Also in the thick soft outer
disk of the tympanum there is a crescentic deposit of bone—the annulus. In this,
as in the rest, the short crus of the incus (¢.) is small and bent downwards; its
symplectic facet, the orbicular region of the long crus, is shown with the outline of
the base of the stapes (st.) round it ; this is the inner view of these parts. The epihyal
(e.hy.) is drawn as cut away from the auditory capsule; its lower end is connected
with the pointed top of the ceratohyal (c.hy.), the long upper piece of which is
beginning to ossify ; the lower piece (c.hy’.) is no longer than the hypohyal (h.hy.),
which is thick and curved. The basi-thyrohyal piece (b.h.br., t.hy.) is thick and

roughly U-shaped, with its angles squarish.

Seventh Stage.—A similar dissection to the last of an older embryo Mole ; 1% inch long.

This fifth inner view of the visceral arches (Plate 28, fig. 5.) shows another sign of
advanced growth ; the distal ossification of MECKEL’s cartilage is almost surrounded
by a splenial growth of the dentary (d.), forming the inner face of the mandible. The
dentary is also growing well round the thick tract that ends, above and behind, in the
condyloid process (cd.p.); this is capped by the glenoidal tract (¢l.c.), a part derived
from the same superficial source. The soft disk round the membrana tympani (m.ty.) is
a more developed crescent of bone—the annulus (a.ty.). The head, both of the malleus
and incus (ml., 2.), is smooth and rounded, and in each case has a very condyloid appear-
ance ; the stapes (st.) is detached from the orbicular facet of the incus (u.); it is a
stout cartilage, with a small circular hole, a distinct neck below its incudal head and
facet, and a thick rim to its base, or proximal plate. I see no interhyal (— intra-
stapedial) nucleus of cartilage in the tendon of the stapedius muscle (st.m.).

Eighth Stage— Vertical longitudinal section of the head of a ripe embryo Mole ;
13 wnch long from snout to root of tail.

In this preparation the interior of the right half of the skull was displayed with the
whole of the ethmoseptal part of the cranial axis.

The figure (Plate 25, fig. 1) will help to a proper understanding of the skull in its
earlier stages, both the sections and the dissections (Plates 23—-25). The endocranium
is now undergoing ossification. The nasal region, from the back of the cribriform
plate to the front of the snout, is exactly of the same length as the cranium, measured
from the former point to the top of the foramen magnum. The great internasal septum
(s.n., p.e.) is twice as high behind, at the crista galli (¢r.g.), than in front, between the
nostrils ; the dorsal line of this wall is sinuous; its lower edge is gently concave ;
behind the presphenoidal region ( p.s.), the lower line of the skull is gently convex,

Between the nostrils, the floor and wall together form a sinuous tract ; behind this
part the calinasal artilage gives off' the recurrent (or JACOBSON’s) cartilage, right and
left (rc.c.). The great intertrabecular bar thickens the septum all along, giving its
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sections a bulbous form, below. The cartilaginous crista galli (¢r.g.) is a mere retral
point of the great septum ; below that point the outline is concave, and between the
large cartilaginous cribriform plates (¢r.p.), it rises up at the meeting of the presphe-
noidal region with the perpendicular ethmoid.

From the middle of the presphenoidal tract (p.s.), to the foramen magnum, the skull
is drawn as cut along the mid-line ; the front part is left entire. Right of the pre-
sphenoidal, the orbitosphenoid (0.s.) is seen helping to wall in the orbital region ; its
stem is ossified, and near the hind margin of the bony tract the small optic foramen
(IL) can be seen. Above the bone the stem broadens suddenly into an axe-blade of
cartilage, which reaches to the top of the skull in front, and also to the top of the
side wall, further back. :

Then from the hind margin of the stem to the middle of the auditory capsule there
is an elegant archway of cartilage nearly equal to the orbitosphenoidal stem in
width. Over the junction of this arched band with the auditory capsule the cartilage
—supra-auditory (s.a.c.)-—more than equals the great blade of the orbitosphenoid in
size. In reality it is twice as large, but the hinder two-fifths of this large crescentic
crest is ossified as the supraoccipital (s.0.). The roughly oval space below the orbito-
sphenoidal archway is filled up, in its antero-inferior third, by a small ruptured and
out-turned part of the side wall—the alisphenoid (al.s.); the angle between this
auriform flap and the cochlea (chl.) is filled by the huge Gasserian ganglion (V.).

The upper two-fifths of the space under the archway is void of cartilage, and is
finished by the investing bones—frontal, parietal, and squamosal. There is no pre-
sphenoidal bone; the orbitosphenoids will meet to finish that region; the basi-
sphenoid (b.s.) is already present as a short tract in the middle of its own region. The
small lobulate alisphenoid is not ossified, it has two large foramina near its upper part,
the f. ovale (V3.) and the f. rotundum (V%). The auditory capsuleis relatively very large
and extremely oblique in position ; it stretches from the hind margin of the ali-
sphenoid upwards and backwards to the lower edge of the supra-occipital. The large
archway for the 7th and 8th nerves (VIIL, VIII.) —the meatus internus—is very near
the great orbitosphenoidal archway, where it becomes supra-auditory. The pupiform
cochlea (chl.) lies in a clearly-margined space, right and left of which the basioccipital
and basisphenoidal regions meet. The anterior canal (a.s.c.) has its crown looking
backwards as much as upwards ; it arches over a considerable fossa for the flocculus
cerebelli ; it is arched over by a very elegant crescentic channel for the lateral sinus,
which makes the cartilaginous crest very thin at that part. The gap (foramen
lacerum posterius) for the 9th and 10th nerves (IX., X.) is large, and the small
hypoglossal foramen (XII.) is seen close behind it in the occipital arch. Above that
hole the exoccipital bony centre (e.0.) is seen to occupy about a third of the side of
the arch, between the supra- and basioccipital centres (s.0., b.0.); the latter is a large
lozenge-shaped tract.

Various investing bones are seen un situ, namely, the nasal, frontal, parietal, inter-
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parietéd, squamosal, part of premaxillary, maxillary, palatine, and vomer (Plate 25,
fig. 1, n., ., p., ©.p., 8q., PP.&., MX., PG, .).

Ninth Stage.— Dissections of the skull of young Moles, 3 or 4 days old ;
12 and 1% inch long.

Dissections of the skull of the larger of these young (1% inch long) serve to interpret
the adult skull as well as any of the stages.

The form of the skull is wedge-shaped (Plate 26), the widest, part being very near
the end, and the whole skull structure narrowing forwards to the growing snout.
Seen from above (Plate 26, fig. 1), the normal investing bones are shown to increase
in size from before backwards, very remarkably. The oblong nasals (n.) are of con-
siderable width, but they are not so long as the uncovered snout in front of them;
they are flanked by the premaxillaries and maxillaries (maw., pa.). The small convex
frontals (f.) added to these six bones of the face do not cover so large a surface as the
two parietals (p.); which, together, form half a large ellipse.

A considerable fontanelle (fo.) still exists along and across the skull in the frontal,
coronal, sagittal, and lambdoidal regions; the last of these is the largest space, but it
is partly filled up, behind, by a small semi-annulus of bone—the interparietal (z.p.).
Looked at from the side (Plate 26, fig. 8), other splint-bones come into view. In this
view the premaxillary (pu.) is seen to have considerable facial tract, interdigitating with
the maxillary (ma.) and reaching up to the nasal (n.). The maxillary is notched by the
frontal (f.) and has the small heart-shaped lachrymal (1.) set into its orbital edge, where,
also, the canal (I.c.) is seen just on the outer margin of the orbit. The canal for the
2nd branch of the trigeminal nerve (V2) is not finished, and behind and below the
groove, first the jugal (J.) is seen as a small style, followed by the styloid jugal process
of the small, oblique, multilobate squamosal (sq.). That bone is very peculiar in this
small wedge-shaped skull, which is bent downwards, behind, at a considerable angle ;
nearly all the hinder half of the skull is unprotected by superficial bones, and the
squamosal, thereby, forms a small adherent scale on its antero-inferior surface.
Scarcely reaching the lower edge of the parietal in front, it recedes, downwards, from
that bone, leaving a large triangle of the endocranium bare; it is marked off into
two regions, one in front and above, narrow and forked, and the other behind and
below, wide and semi-ovate.

The broad upper tract in front of the proper squamous part has a sharp point, the
jugal process, which overlies the jugal bone (j.); under this fore part we see the
glenoid cavity (gl.c.). The lower and hinder lobe reaches by its rounded end nearly
to the stylomastoid foramen (VIL) and quite to the ampulla of the anterior and
horizontal canals of the ear (a.s.c., h.s.c.). The lower edge, rising forwards, forms the
cave of the tegmen tympani; under it is seen another superficial bone, the annulus
tympanicus (c.fy.), better seen from below (fig. 2). The frontal (f), half the size of
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the parietal (p.), shows the foramen for the ophthalmic nerve (V') on its lower
margin ; its orbital plate leaves much of the endocranium (0.s.) naked ; it shows no
signs of distinctness from the roof-plate of the bone, such as is seen in the Hedgehog.

The parietal is a fine shell of bone, and is the largest in the skull. The frontal and
parietal clamp each other mutually in the postorbital region, but the latter imbricates
itself on the frontal in the coronoid region ; from the top of that suture to the top of
the lambdoidal, the convex dorsal outline of the bone forms a large and accurate arc.

The compound superficial mandible (d.) is almost perfect, but the coronoid,
condyloid, and angular processes (¢ p 5 cd.p., ag.p.) are still cartllagmous they are
rounded and sub- equal

In the lower view (Plate 26, fig. 2) the surface is only invested with superficial
bones in the narrow palatine region ; the occipital, and most of the sphenoidal, regions
are left bare.

Each premaxillary, carrying three teeth, is well developed, but the palatine
processes ( p.pzx.) are largely hidden by those of the maxillaries (ma. ; see fig. 5); the
antero-lateral vomers, also, are not seen, they have a very temporary and doubtful
existence independent of these processes of the premaxillaries. The vomer (v.), also,
is only partly seen, but is really very large and typical (fig. 5, ».), being wide, carinate,
pointed in front and forked behind, and has a semidistinct postero-lateral vomer
(v".) attached to the outside of each fork.

The hard palate is well developed, three-fifths of it belongs to the maxillaries (ma.)
and the rest to the palatines (pa.), which have their palatal plate very large, perfect,
and typical ; yet the fore part of the median suture even of these bones is imperfect,
and the vomer (v.) is partly exposed ; the maxillaries meet each other nowhere, at
present. The hinder and upper part of each palatine is a thick lobe of bone turned
outwards, behind, and bevelled on its inner face for the pterygoid bone (pg.). A club-
shaped cartilage adheres to the inferior surface of this small bone, the pointed end is in
front and the clubbed end is turned outwards, behind ; this is the pterygoid cartilage
(pg.c.), and is a genuine remnant of the endoskeletal upper jaw of a branchiate
type. The broad hind skull is seen from this aspect, flanked and supported by the
infero-lateral squamosals (sg.); the annuli (a.ty.) are seen as {J-shaped bones—right
and left—with their crura looking outwards and backwards, and their arch almost
touching the pretympanic boss of the basisphenoid. These are all the investing
bones that I can discover at this stage,

The endocranium may now be described. I shall begin with the palatal (or basal)
part first (Plate 26, fig. 5). Looked at, as a whole, this is a very solid cartilaginous
structure, here and there undergoing ossification. The snout (al.n.) with its inferior
external mnostrils (e.n.) has a length about a fourth greater than its breadth ; it is
quite a continuous structure. The snout passes into the proper nasal labyrinth, not
only above and at the sides, but the floor, also, sends backwards a remarkable tongue-
like process—the recurrent or JAcoBsoN’s cartilage (r¢.c.). This tract, right and left, is
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very large in the Mole, and is half the length of the proper labyrinth, reaching
backwards almost as far as the inferior turbinals (z.td.), here largely hidden by the
inturned nasal wall (al.sp.). * '

The tubular part of the recurrent cartilage is short ; the rest is convex below and
outside, and concave on the other face, where it is in relation to JAcoBsoN’s organ.
In front of the terminal point of these processes the labyrinth expands rapidly right
and left, and these moieties are then to be seen a pair of swollen cushion-shaped masses,
that first bend outwards and then converge towards each other, having only the basal
beam between them. Where that beam escapes from the vomer it is the perpendicular
ethmoid (p.e.); a little further back it is the presphenoid (p.s.), and has the stem of
each ala, or orbitosphenoid (o.s.) ossified ; thence, to the top of the skull, these rapidly
widening wings are cartilaginous. The posterior sphenoid is a very remarkable
structure ; it is ossified in its median or basal part only, at present; the anterior
sphenoid does not develop a median piece, but the basal beam receives its bony
growth from the ossifying alee.

The basal region of the posterior sphenoid is at present ossified for about three-
fifths of its length ; this centre (b.s.) is very broad, and is alate in front ; it is not a
mere ossified basal beam, for whilst the anterior sphenoid forms its base from its ale,
the posterior sends its basal bony centre far into the proximal part of its wings—
right and left. Outside the hinder half of the basisphenoid, where it has narrowed
in 80 as to occupy but little more than the proper base (trabecular roots arising from
parachordals) there, right and left, we see a large rounded boss of cartilage just in
front of each cochlea (chl). This swelling part, or process (g.), at the junction of the
ala with the base, is homologous with the cartilaginous “lingula” seen in the embryos
of Crocodiles and Birds (Trans. Zool. Soc., vol. ii., part 9, plate 64 ; and Phil. Trans.,
1869, Plate 82). It becomes ossified very variously in these different types, but its
meaning is the same in all. Itis the root of an enlargement for the tympanic cavity—
the posterior sphenoid becoming pneumatic. Behind these bosses the basal part has
an elegant “ waist ” and then broadens into large *hips,” on which the cochleee (chl.)
rest.

The alisphenoids (al.s.) are still unossified ; they have a very broad proximal part,
even beyond the cartilaginous bosses and the alz of the basisphenoidal centre; they
expand so as to grow round the pupiform cochles, and then are so notched behind as
to leave a large oval space between their hind margin and the outer part of the
auditory capsule (chl.). Infront of this lateral fontanelle (or fenestra) each alisphenoid
(al.s.) forms an ear-shaped free lobe, looking inwards and forwards; this lobe is bi-
perforate for the 2nd and 3rd branches of the 5th nerve (V2, V3.).

There is a cartilaginous tract between the new basisphenoidal and basioccipital
centres (D.s., b.0.) equal in size to each of these bones; the hinder centre (b.0.) is
'péculiar]y reptilian, being at present polygonal, and broader than it is long. The
chondrocranium is huge in this part of the head; from the waist-like synchondrosis
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the basal region swells out into broad hips which end, behind, in the slightly convex
but very large condyles (oc.c.); these are wedge-shaped and have a sulcus across them
at their front third, they are almost pointed behind, when they reach nearly to the
end of the enormous foramen magnum (f.m.), the fore part of which is a semicircle,
whilst the hind part widens out irregularly. The fore margin of each condyle is gently
emarginate. '

The hinder or opisthotic region of each large auditory capsule is completely con-
fluent with the corresponding side of the occipital arch ; the paroccipital region is a
mere gentle convexity. The exoccipitals (e.0.) can be seen outside the condyles as
narrow tracts of endosteal bone; the supraoccipital (s.0.) reaches the top of the
foramen magnum.

Outside the front part of the condyle (oc.c.), the condyloid foramen (XIL.) is seen,
the 9th and 10th nerves (IX. X.) are seen in the distinct foramen lacerum
posterius, and the facial nerve (VII) is visible in this view, emerging from the f.
stylomastoideum, behind the epihyal (e.hy.). The uppermost part of the hyoid arch—
the stapes (st.)—is shown, ¢n situ, on the right side of the figure, and the incus and
malleus, with a part of MECKELS cartilage (., ml,, mk.) on the other side. The
“otic process” or short crus of the incus or quadrate—a secondary retral part of the
suspensorium of the mandible in the Ovipara, and which in them often reaches
beyond the auditory capsule to join the occipital arch—is here seen to be in front of
the semicircular canals. - Both the mandibular elements of the ear-chain lie, now, in a
large vacuity of the chondrocranium, which is caused by the curious non-development
of the alisphenoid at that part. All round the pupiform cochlea (ckl.) the line of
separation of the capsules and chondrocranium, proper, is perfect ; and again, on the
outside, the opening into the lateral sinus (l.s.) marks off the epiotic region from the
supraoccipital cartilage ; but in front of the sinus-opening, laterally (fig. 3), and along
the paroccipital region (fig. 5), the confluence of the two structures has been complete.
The fenestra ovalis is filled by the stapes (st.), the fenestra rotunda (f7.) is seen
on both sides.

In the lateral view (fig. 8), the supraoccipital, supra-auditory, and posterior
orbitosphenoidal tracts of cartilage (s.o., s.a.c., 0.s.), are seen to be confluent, and the
whole hind part of the skull, strongly bent downwards, is composed either of cartilage
or of cartilage-bone (endostosis). Over the foramen magnum the supraoccipital is
large, both high and wide, and the exoccipital (e.0.), is seen to be wider than the
lower view would indicate. There is no appearance of bone in the auditory capsule,
except over the front part of the anterior canal ;(a.s.c.), and the sinus-opening ; the
labyrinthic part of the capsule is still cartilaginous. The oblique oblongo-crescentic
tract of bone seen, already, in the sphenotic and pterotic regions, is the first of the two
bony periotics formed in the auditory capsule in this type ; notwithstanding its
growth along the crest of the capsule, and the fact that it does not help to enclose
the labyrinth, I consider it to be the “ prootic,” and the other, formed afterwards,
the “opisthotic.”
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The tilting of the canal-region of the capsule is well shown in the side view ; the
fore part of the large anterior canal (a.s.c.) leans backwards, under the prootic bone
(pr.o.), at a right angle to the squamosal bone ; its hinder half, below the sinus-canal
is parallel with the outer edge of the occipital roof. The posterior canal (p.s.c.),
which joins the anterior, is parallel with the general direction of the occipital condyle,
and the horizontal canal (%.s.c.) runs downwards and backwards, from the end of the
squamosal to the exit of the facial nerve (VIL).

But for the ossifications of the hind skull, and the continuation of the nasal roof
cartilages to the end of the intertrabecular beam—a peculiarly valuable Mammalian
diagnostic—the wpper view of the skull (fig. 4) might have seemed to belong to
a Skate. There is a large membranous fontanelle (fo.), but it is well surrounded
by solid hyaline cartilage, and in several places the “ tegmen cranii,” or cartilaginous
roof is well developed.

The large and long nasal labyrinth is practically divisible into three regions,
namely, the snout, or alinasal (al.n.); the middle region with the nasal and inferior
turbinals, and, like the snout, supplied from the 5th nerve only (al.sp.); and the true
olfactory region, containing the upper and middle turbinals—the aliethmoidal region
(al.e.). The fluted roof becomes concave near the end, and then terminates abruptly,
in an almost transverse line, at the middle of which there is a small projection—the
crista galli (cr.g.). The wide, lateral, olfactory regions, with their hill-and-valley
markings, reach backwards, right and left, beyond the end of the roof; the oblique
postero-internal margin is confluent with the front of the tegmen tympani, a part which
is continuous with the orbitosphenoid (0.s.). Its tegminal lobe has a sinuous inner
margin, it ends behind, in the narrowish posterior band that runs from the posterior
angle of the orbitosphenoid to the supra-auditory tract (05, s.a.c.) ; this band is convex
on its outer, and concave on its inner, side. From the end of this band the cartilaginous
tegmen is almost complete, but the supra-auditory tracts (s.a.c.) do not meet, they are
separated at the middle by a large round notch, at the back of which there is already
a smallish crescentic interparietal scale (s.p.). These tracts, however, send forward a
thinner bilobate lamina, sharply marked off from the hinder main part by a crescentic
line, whose convexity is behind; this line, and the thinning-out of the tegmen, is
caused by the parietal bone. Behind the lateral band (0.s".) the supra-auditory
cartilage is ossified, beyond the turning over of the roof, by the prootic (pr.o.).
Answering to the great size of the occipital arch, the supraoccipital (s.0.) is already
more than a third the width of the widest part of the hind skull, its sides are bilobate,
its extent, lengthwise, is from the fontanelle to the foramen magnum.

. An upper view of the cranial floor (Plate 26, fig. 6), after the membranous
fontanelle has been removed and the orbitosphenoids (0.s.), lateral bands (0.s".), and
the tegmen (s.a.c., pr.0”., s.0.) have been cut down to the top of the wall, shows some
things very instructively. The top of the great internasal septum (p.e.) projects
backwards, as a small triangular crista galli (¢r.g.), and below that ends as an oblique,
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rather thin, somewhat projecting wall-top, right and left of which we see the large
cribriform plate (cr.p.). Fach plate is perfect, is circular in outline—as cartilage,
and is grooved obliquely, inwards and forwards ; it is also riddled full of holes for
branches of the olfactory nerve. The top of the presphenoid (p.s.) runs into the hind
part of the perpendicular ethmoid (p.c.) which is broad behind, and has the thick
crescentic top of each moiety of the nasal labyrinth pressing against it ; these curious
curved lobes, which are thick and bulbous against the median cartilage, and thin
externally, contain the hinder folds of the middle turbinal ; they are separated from
the orbitosphenoids (0.s.) by a narrow chink. These latter tracts are ossified up to
the thick middle beam (p.s.) ; and the bony deposit is, now, complete for some extent,
proximally, and then it merely strengthens the fore edge of the tract up to the
anterior chink. At their inner third, and near the hind margin, these bony centres
show a small foramen opticum (IL.). The hind margin of the orbitosphenoidal stem
is first convex, and then concave, and this sinuous line, the front boundary of the
sphenoidal fissure (V%) is a good height above, and not behind, the fore edge of the
alisphenoid ; it crosses over the foramen rotundum (V2.)

The rest of the alisphenoid («l.s.) is seen, away from the eye, behind and below the
orbitosphenoid (o.s.); the basisphenoid (b.s.) is, on this upper surface, of less lateral
extent than below ; it only passes for a small extent beyond its own boundary line.

The synchondrosis is large, and in it is seen the seat of the sella turcica (py.) and the
low transverse postpituitary wall ( p.cl.). The middle fissure, right and left, between
the synchondrosis and the cochlese (chl.) is wide ; the * helix” projects upwards, but
is not so well seen as below; the meatus internus (VIL., VIIL) is wide and large.
The fore margin of the auditory capsules runs almost transversely across the lower
part of the base of the hind skull, and the outer two-thirds of this edge forms the
hinder boundary to the great infero-lateral fontanelle. The separateness of the
capsules from the chondrocranium, proper, is very perfect, especially on the anterior
and inner side; but above, it is more apparent than real, for there the great sinus
canal (Ls.) seems to part the crest from the tract containing the semicircular canals,
The whole arch of the anterior canal (a.s.c.) shows its convexity here, and under the
archway there is the large recess for the ‘‘flocculus” (fl.r.). The lower part of the
occipital arch binds, sinuously, against the two huge capsules; in this view we see
most of the exoccipitals (e.0.) and all the basioccipital (b.0.), the fore edge of which
nearly reaches the post-clinoid wall ( p.cl.). The cartilage is thick ; it is perforated
by the 12th nerve behind the posterior fissure, and somewhat notched by the 9th and
10th nerves (IX., X.), in the margin, behind that fissure.

Ninth Stage (continued).— Visceral arches of o Young Mole ; 12 tnch long.

I shall finish my description of the skull at this stage by an account of the inferior
arches of a somewhat smaller specimen than the one whose main skull has just been
treated of. The front fourth, and the hinder Aalf, of the mandible are shown frum.the
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inner side (Plate 28, fig. 6). Here we see that the deep and the superficial mandibles
are both well developed; the basal cartilage (basimandibular, b.mn.) is still large at
the symphysis, and the subdistal part of MECREL'S rod (mk.), although undergoing
ossification (mk’.), and hidden partly by the splenial lamina of the dentary (d.), is still
perfect up to its malleal end (ml.). That part (ml., mb.) is now undergoing endostis,
answering to the ectosteal plate applied to it; but the incus (2.) and the stapes (st.)
are still unossified. The annulus (a.ty.) is growing larger round the membrana
tympani (m.ty.), but the fold of skin that lies outside that membrane is still very
thick and spongy. The cartilage that pre-forms so much of the permanent mandible
is very solid, now ; on the articular or condyloid process the glenoidal facet (gl.c.) is
figured, like a cap ; it was derived from the same primary subcutaneous tract, and has
the same morphological meaning, as the slab which is ossified by the dentary bone.

Tenth Stage.— Young Moles ; 8 vnches long from snout to root of taul.

When the young are more than one-third longer than in the last instance we get a
great advance towards the permanent condition.

In the side view of the skull (Plate 27, fig. 3) the jugal, squamosal, lower jaw, and
most of the hyoid arch are left out.

The long, non-segmented, decurved snout (al.n.) reaches half-way to the badly-
formed orbit. The valvular nostril (e.n.) is almost terminal, and is seen best in the
under face.  The facial part of the premaxillary (pa.) is half as large as that of the
maxillary (mz.); at present the canal for the maxillary nerve (V=) is not finished
externally. On the process above it the small crescentic lachrymal (l.) rests, and the
canal (l.c.) is seen in front of the bone, on the face. The slender nasals (n.) and the
small frontals (/1) are still distinct from each other, and from the facial plates of the
bones below them (px., mw.). The large parietal (p.) always keeps distinet from its
surroundings : the interparietal (i.p.) is now a broad, transverse plate between the
parietal and the supraoccipital (s.0.). The palatine (pa.) and the pterygoid (pg.),
with its terminal cartilage (pg.c.) still visible, can be seen below and behind them, the
annulus (a.fy.). Behind the lachrymal (Z.) the thin convex frontal shell (/) is turned
inwards suddenly in its orbital part. Near the hind corner of the orbital plate the
opening for the ophthalmic nerve (V1) is large and oval. Below that bony plate the
lateral ethmoidal mass (al.e.), and the cartilaginous top and bony lower part of the
orbitosphenoid (0.s.) can be seen, as also the emerging optic nerve (IL). The ali-
sphenoid, with its two large foramina (V2, V3.), is seen outside and behind the orbito-
sphenoid ; below their foramina the broad basisphenoid (¢.b.s.) is exposed. Over
the drum of the ear (a.fy.) we see the large four-sided, infero-lateral fontanelle
(f0".), which is hidden in the perfect skull by the squamosal. Behind that mem-
branous space a deep temporal bone is shown ; it is large, convex, and has a polygonal
outline ; this is the prootic (pr.0'.), which has rambled away from the labyrinth, to
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ossify the chondrocranial wall. Behind and below that bone, the large labyrinth, in
this view, is unossified, and in the cartilage the semicircular canals can be traced
(e.s.c., hsc., ps.c). The epihyal (ehy.) is seen descending, with the facial nerve
(VIL) emerging behind it; and from the posterior fissure, and from the condyloid
foramen the 9th, 10th, and 12th nerves are escaping (IX., X., XIL). Parallel
with the posterior canal (p.s.c.), and a little behind it, the junction of the opisthotic
with the occipital cartilage can be traced, and a little behind that the growing exocci-
pital bone (e.0.); under it is the condyle (oc.c.). The gentle, general curve is formed
by the parietal, interparietal, and supraoccipital bones (p., 7.p., s.0.); between the
latter and its side bone, the exoccipital (e.0.), there is still much cartilage.

In the lower view of a skull at this stage, with most of the investing bones removed
(Plate 27, fig. 2), we see how much advance has been made. The long snout (al.n.),
with its infero-lateral nostrils (e.n.), is followed by the labyrinth, proper, with the
peculiar supporting and conjugating investing bones that lie beneath it or between its
moieties. The premaxillaries (px.) have very long laminar palatine processes ( p.pz.),
(involving the antero-lateral vomers); these support JAcoBsoN’s organ and cartilages
(J.0., re.c.), and reach as far back as those tongue-shaped cartilaginous tracts. The
vomer (v.) is set between and above the palatine processes of the premaxillaries, and
its pointed fore end is hidden by them ; its keel begins in their angle, and is very
short. The body of the bone first narrows and then suddenly widens between. the
converging floor-plates of the nasal labyrinth (n,f.). In the chink right and left of the
recurrent cartilage (rc.c) the inferior turbinals (7.th.) can be seen ; then the gap widens,
and the upper and middle turbinal folds, now ossifying, are exposed (u.tb., m.tb.). But
where, as in Passerine Birds, the broad hinder part of the vomer connects the right
and left ethmoidal masses, there at each edge there is a small, additional postero-lateral
vomer (v".), and outside it an osseous patch in the cartilaginous floor itself (n.f.).

The lateral cartilaginous tracts—floor and side-wall—first become constricted, and
then expand ; becoming, indeed, the upper broad unossified part of the orbitosphenoid
(0.s.). But the hind part of each half of the nasal labyrinth is seen to end,in a
bulbous form, right and left of the forks of the vomer, above which the end of the
perpendicular ethmoid ( p.c.) passes into the short presphenoidal region (p.s.), still
unossified. The orbitosphenoidal bony centres (0.s.) can only be partially seen from
this aspect (see fig. 1), being hidden in front by the end of the nasal floor (n.f), and
behind by the alisphenoids (al.s.).

The posterior sphenoidal region is now well ossified ; it is exceedingly broad and
thick. '

Referring to the early chondrocranium (Plate 25, figs. 2, 8, b.s., al.s.), we see that
the basisphenoidal region, just where the parachordals pass into the trabeculse under
the pituitary body, is greatly dilated, right and left. If two imaginary lines be
drawn obliquely backwards and a little outwards from the sides of the presphenoid to
the side of the narrow waist in the base, between the cochlese, then we shall get the
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true width of the basal beam. Such a width is kept for the basisphenoidal ossifica-
tion in the Marsupials, whilst all the part outside that definite bar is ossified by the
alisphenoid, which also takes in the whole region that is left bare in the Mole between
its alisphenoid and cochlea. Thus, in them, that thickening of the cartilage which is
the foundation of the tympanic ala is ossified by the alisphenoid, and the tympanic
wing has a large ¢ os bullee ” attached to it, behind and towards the mid-line. Here,
as in the Hedgehog, there is no os bullee, and the dilated pneumatic part of the
posterior sphenoid is ossified by the abnormally large median centre (b.s.).*

Behind the presphenoidal cartilage (Plate 27, fig. 2, p.s.) the ossified basal beam is
seen to be flanked, right and left, by an outgrowth, which grows into a lower plane,
and stretches outwards as faras to the under and inner edge of the alisphenoid (al.s.).
These suboval masses look inwards in front, and are notched in that part ; their inner
margin is swollen and rounded, their outer and harder edge is sinuous. A large air
cell is forming on the outer part of the under surface, and the whole mass is spongy.

This very ornithic condition of the dilated and pneumatic basisphenoid is only a
modification of the parts quite similar to what T have just described in the Hedgehog,
where, however, the bones are more solid, and are devoid of this peculiar spongy
growth. Resting on this wide, pneumatic basisphenoid, we see the narrow oblongo-
crescentic alisphenoids with their large foramina—foramen ovale and foramen
rotundum (V2., V2); the outer front corner of each bone lies under the corresponding
orbitosphenoidal cartilage (0.5".). The rest of the cranium proper, is seen wedged, in
between, and expanding behind, the large auditory capsules. The synchondrosis is
lessening fast, and the rest of the parachordal region is occupied by the very Reptilian
basioccipital (b.0.). This relatively large plate is polygonal, has a notched fore edge,
a concave hind margin, and r