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bone-cells throngh the canaliculi: this even happens in the bones of
mummies, where, as Mr. Smee has shown, the bone-cells are fre-
quently full of the bituminous and other matters with which the
bodies were prepared. The structure between the bone-cells, which,
with perfect consistency, may be called the intercellular substance,
by an ordinary magnifying power, appears to be homogeneous ; but
under higher powers, as Mr. Tomes has described, it will be found to
be minutely granular, the granules varying in size from 55 10 13200
of an inch : they can be readily seen in a bone which has long been
subjected to the action of boiling water or steam, the granules being,
in fact, the true ossific matter of the bone. If a vertical section be
prepared, in a similar manner to the horizontal one just described,
and be examined with the same power, we shall find that the Ha-
versian canals, for the most part, take a longitudinal direction, and
that the bone-cells also assume a linear arrangement. Some few of
the Haversian canals run at right angles to the section, and these
communicate with the openings previously noticed, both on the ex-
terior and interior of the shaft. Thus much may be said to compose
the hard part of bone; we must now turn our attention to the soft
part. This, as has been before stated, consists of the periostenm,
which invests the outer, and of the medullary membrane, which invests
the inner surface, lines the Haversian canals, and is continued from
them, through the canaliculi, into the interior of the bone-cells, and
of the cartilaginous or other matrix which forms the investment of the
minute ossific granules. The earthy matter of the bone may be rea-
dily shown by macerating the section for a short time in a dilute solu-
tion of caustic potash; but the granules, according to Mr. Tomes,
may be best obtained by subjecting bone to high-pressure steam, or
to a red heat, till the animal matter is removed, the mass may then be
reduced to powder, and a little dilute acid added, which will destroy
all the broken granules before the entire ones are at all affected.

The animal matter may be procured by using dilute muriatic acid
instead of caustic potash, when the earthy matter will be removed,
and the section will exhibit nearly the same form as when the earthy
constituent was present ; and when viewed microscopically, it will be
noticed that all the parts characterizing the section, previous to its
maceration in the acid, will be still visible, but not so distinct as when
both constituents were in combination. When, however, the animal
matter is removed, the bone will not exhibit the cells and the ca-
naliculi, but will be opaque and very brittle, and exhibit nothing but
the Haversian canals and a granular structure.
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nouncing an opinion upon them ; but luckily for the microscopist, the
denser parts of fossil bones are the last to be destroyed, and every
fragment he is likely to meet with will almost be certain to contain a
spot where the cells present their normal characters.

In birds the majority of the bones are hollow, and the solid walls
thin, but very compact in structure: the medullary cavity of the shaft
of the long bones, which in Mammalia is either filled with marrow or
with a cancellated tissue, is, in birds, often smooth, and is lined by a
membrane, which is a continuation of that membrane which forms the
air-cells of the lungs, and which gains admittance into the interior of
the bones by a large opening, termed the pneumatic foramen, which
is sitnated in the proximal extremity of each long bone: the extremi-
ties of the bones are not so thickly cancellated as those of the Mam-
malia, but the cancelli are supplied by small tubes of bone, which
shoot across from one side of the wall to that of the other, like so
many little pillars ; everything being wisely arranged with an evident
view to as much lightness as is compatible with strength. In those
birds whose wings are not destined for flight, the pneumatic foramen
still exists in some of the long bones, but is absent in others. In all
these birds the solid walls of the bones are much thicker, and the me-
dullary cavity is more cancellated : to such an extent does this thick-
ening of the walls take place, that in the Penguin nearly every bone
in the body is solid, and in the Apteryx not a bone is permeated by
air. The bony matter, although sparingly used, is of greater specific
gravity in birds than in any of the other classes of animals, in conse-
quence of there being a larger amount of earthy matter in it; and in
some bones, where the foramen exists, it almost rivals, in density and
in whiteness, the purest ivory ; whilst in others, where the foramen is
absent, the bony matter is of a yellow colour, from the oily matter
contained in the medullary cavity.

A transverse section of the long bone of a bird, when contrasted
with that of a mammal, will exhibit the following peculiarities. The
Haversian canals are much more abundant and much smaller, and
they often run in a direction at right angles to that of the shaft, by
which means the concentric laminated arrangement is in some cases
lost ; the directlion of the canals often follows the curve of the bone;
the bone-cells also are much smaller and much more numerous, but
the number of canaliculi given off from each of the cells is much less
than from those of mammals : the average length of a bone-cell of the
Ostrich is 5+%5th of an inch, the breadth . fth.

In the thin crania of the small birds the Haversian canals are
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their ramifications are so thickly grouped together, that in very thin
and uncut fragments of bone, they form so close a net-work over the
bone-cells as almost to obscure them by their opacity. The surface
of such bones will present a minutely-dotted appearance, which is
caused by the numerous canaliculi which open upon it.  If the sec-
tion be very thin, it may be seen that the dots are really perforations
of the bone. The cells attain their greatest length in the compact
bones, such as those of the extremities, but in the flat bones they are,
generally speaking, much shorter and broader; and if the bone be a
recent one the contents of the cells may be distinctly seen. It will
often happen that in a transverse section there may be noticed cells
which appear at first sight like those of the Mammalia, they being of
a rounded figure, and having their canaliculi arranged like those of
the latter class. When they are more carefully examined, it will be
found that they are nothing more than long cells cut across their short
diameters.

In fishes we have a greater variation in the minute structure of the
skeleton than in either of the three classes already noticed ; and there
are certain remarkable peculiarities in the bones of fishes, which are
so characteristic, that a bone of one.of these creatures can never be
confounded with that of any animal of a higher class, when once the
true structure has been satisfactorily understood. We lose now those
characters which were evident in mammals and birds, and often, to a
certain degree, in reptiles, viz., the concentric laminated arrangement
of the bony matter, with a corresponding concentric arrangement of
bone-cells around the Haversian canals; and we shall find that the
true Haversian canals may be even absent in some fishes, their place
being supplied by numerous layers of bone-cells.  All the varieties
of structure in the bones of fishes which I have yet made out may be
referred to one of the following heads: by far the greater number of
bones exhibit nothing more than a series of ramifying tubes, like
those of teeth ; others exhibit Haversian canals, with numerous fine
tubes or canaliculi, like ivory tubes, connected with them; others
consist of Haversian canals with fine tubes and bone-cells; whilst a
rare form, found only as yet in the sword of the Sword-fish (fstiophorus),
exhibits Haversian canals and a concentric laminated arrangement of
the bone, but no bone-cells. The Haversian canals, when they are
present, are of large size and very numerous, and then the bone-cells
are, generally speaking, either absent or but few in number, their
place being occupied by tubes or canaliculi, which are ofien of large
size. The bone-cells are remarkable for their quadrate figure, and
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bone-cells in Mammalia are tolerably uniform in size, and if-we take
zoeoth of an inch as a standard, the bone-cells of birds will fall below
that standard, but the bone-cells of reptiles are very much larger than
either of the two preceding, and those of fishes are so entirely different
from all three, both in size and shape, that they are not for a moment
to be mistaken for one or the other, so that the determination of a mi-
nute yet characteristic fragment of fishes’ bone is a task easily per-
formed. If the portion of bone should not exhibit bone-cells, but
present either one or other of the characters mentioned in a preceding
paragraph, the task of discrimimation will be as easy as when the
bone-cells exist. We have now the mammal, the bird, and the reptile,
to deal with: in consequence of the very great size of the cells and
their canaliculi, in the reptile, a portion of bone of one of these ani-
mals can readily be distinguished from that of a bird or a mammal :
the only difficulty lies between these two last; but notwithstanding
that on a cursory glance the bone of a bird appears very like that of
a mammal, there are certain points in their minute structure in which
they differ, and one of these points is in the difference in size in their
bone-cells. 1 have stated that the average size of the cells in Mam-
malia is ;z'5th of an inch, whilst in birds they are much smaller: to
determine accurately, therefore, between the two, we must, if the sec-
tion be a transverse one, also note the comparative sizes of the Ha-
versian canals, and the tortuosity of their course, for the diameter of
the canal bears a certain proportion to the size of the bone-cells, and
after some little practice the eye will readily detect the difference.
The fragments necessary for the purpose of examination are to be se-
lected with some little care, and on the whole a small chip (or two)
from the exterior of the shaft of a long bone is sufficient; but as
many fossil bones are coated with a layer of earthy deposit on their
external surface, it will be requisite to get beneath this deposit, as it
very seldom happens that the bone-cells are visible in it, but by a
fragment from about the middle of the lamina of the shafl the charac-
teristic bone-cells can at once be recognised. But in the comparison
of the bone of a mammal with that of a bird, I prefer transverse sec-
tions, as from the peculiarity in the arrangement of the Haversian ca-
nals in the latter class, it is highly important always to bear in mind
that the specimens used for comparison should be cut in one and the
same direction, for as it has been stated that the bone-cells, on which
we are to rely for our determination, are always longest in the di-
reclion of the shaft of the bone, it would follow, that if one section
were transverse, and the other longitudinal, there might be a vast
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may have belonged. 1 also stated that anatomists had long been fa-
miliar with the fact, that in proportion to the size of the blood-cor-
puscles so is that of the capillaries, and of the muscular and nervous
fibres; and it would appear that the same thing held good with
respect to the bone-cells. From the highly valuable table of the
comparative sizes of the blood-dises, published by Mr. Gulliver, we
learn, that the blood-particles are largest in reptiles, smallest in Mam-
malia and birds, and in fishes of an intermediate size ; and it has been
already stated, that the bone-cells are largest in reptiles, and are
much smaller in Mammalia and birds ; hence it would appear, that
the bone-cells are subject to the same law as the capillary, muscular,
and other systems ; and in the advanced stages of the inquiry, it may
possibly turn out, that if one or other of these systems be known the
size of the others may be readily inferred.

Since my last communication, of which the preceding is a brief
abstract, I have extended my researches to the investigation of the
minute structure of the bone of those Reptilia in which the blood-
particles are the largest, and have taken as examples some of the pe-
rennibranchiate Reptilia, viz., the Siren, the Proteus, the Menopome,
the Menobranchus, and the Axolotl, and the result of the examination
has been highly satisfactory, for I find, as I had predicted, that the
bone-cells would be the largest in those animals which had the largest
blood-discs. In the Siven they appear to have attained their greatest
size ; and this reptile, as far as [ can learn, has larger blood-discs
than any other existing animal : the portions of bone examined were
taken from the skull, and from a vertebra, and these fragments exhibit
cells of enormous size ; some of them are oval, others of a quadri-
lateral figure, with very large but not very numerous canaliculi, whilst
others are not so broad, but much more elongated, and the canaliculi
so numerous as to form a dense net-work around the cells, which
nearly obscures them. The latter or elongated cells are chiefly
found in the thick or dense portions of bone, where they are arranged
in parallel rows, like those of the Turtle and Python before alluded to,
whilst the former or broad cells oceurs in the thinner plates of bone,
and never are arranged in rows, but are scattered irregularly about;
and if the bone be recent, the granular contents of the cells will be
readily made out: if the specimen be a thin one, and mounted in
Canada balsam, it will sometimes happen that the cells contain air,
and in the process of mounting the balsam will enter the canaliculi
and obscure them, and the cell will then appear like a large bubble
of air, for which it has been more than once mistaken. The bones of













Plate VII.
Fig. 1.
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A portion of human clavicle, magnified 440 diameters, to show the bone
cells and their canaliculi: the largest of the bone-cells are about whath
the shortest about /pth of an inch in length. ,

A portion of the transverse section of the femur of an Ostrich, magnified
440 diameters. An Haversian canal is seen longitudinally divided,
with the small bone-cells arranged in parallel lines on either side of
it. : The length of the bone-cells are on an average about 1 th of an
inch.

A portion of the humerus of a Turtle (Chelonia Mydas), magnified 440 di-
ameters, in which the elongated bone-cells with numerous canaliculi
are well exhibited : the length of these hone-cells varies from JJ;th to
the ghsth of an inch.

A portion of the lower jaw of a Conger Eel, magnified 440 diameters : the
hone-cells are neither so long or so broad as those of the Turtle, but
the canaliculi are larger and less numerous. The longest bone-cell in
this specimen is ;};th, the shortest L th of an inch.

A portion of the cranium of a Menopome, magnified 440 diameters, show-
ing the large size of the bone-cells and the canaliculi : although many
of the cells are not so long as those of the Turtle, they are nevertheless
nearly twice as broad. The length of the cells varies from the ;i;th to
the -i;th of an inch.

A portion of the cranium of the Siren (Siren lacertina), magnified 440 di-
ameters. The bone-cells in this animal are the largest known; they
are quite as long as those of the Menopome, and are much broader.
Some of them are as much as the g;th of an inch in length by the ,;th
in breadth.

Plate VIII.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

A portion of the scale of the Lepidosteus osseus, which exhibits the quad-
rate form of bone-cell, with few canaliculi, which is generally fonnd in
thin plates of hone of fishes.

A small portion of bone, taken from the exterior of the shaft of the hu-
merus of a Pterodactyle, which exhibits the elongated bone-cells
characteristic of the higher orders of Reptilia.

A transverse section of the spine of a Silurus, which exhibits numerous
branching tubes or canals, like those of teeth, but no bone-cells.

A horizontal section of a scale or flattened spine from the skin of a Trygon
or Sting Ray, which exhibits large Haversian canals, with numerous
wavy parallel tubes, like those of denfine, communicating with them.
I't will be noticed that this specimen shows, besides these wavy tubes,
numerous bone-cells whose canaliculi communicate with the tubes, as
in many specimens of dentine.

A portion of the base of the cranium of a Lepidosiren (Lepidosiren annectens,
Owen), which shows two forms of very large bone-cells, similar to those
in the Menopome and Siren and other perennibranchiate Reptilia.

A portion of the base of the cranium of a Lepidosiren, magnified 95 di-
ameters, which exhibits both the elongated and the quadrate form of
bone-cells, for the purpose of comparison with those of the Menopome
and Siren, in Plate vii. figs. 5 and 6, which are similarly magnified.
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