
Art. II.? -Odontography, or a Treatise on the Comparative 
Anatomy of the Teeth ; their physiological relations, mode 
of developement, and microscopic structure, in the Verte- 
brate Animals, illustrated by upwards of 150 Plates. By 
Richard Owen, F. R. S. Hunterian Professor to the Royal 
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College of Surgeons, London, &c. &c. Part 1. London, 1840. 

Pp. 112, and 50 Plates. 

Mr Owen lias been long favourably known to the scientific 
world for his varied researches in comparative anatomy ; and the 
present work, on the Teeth of the Yertebrated Animals, so far as a 
judgment may be formed from the small portion before us, bids 
fair to sustain the reputation which he has already acquired both 
in this country and on the continent. It appears to be an exten- 
sion of his paper 

" 
on the Structure of the Teeth," read before the 

British Association at Newcastle in August 1838, an abstract of 
which was published in the seventh volume of their Reports. 
In that paper he endeavoured to show that the general tendency 
of the modifications observable in descending from man to the 
lower classes of the vertebrated animals, was a nearer approxima- 
tion of the substance of the teeth to the vascular and organized 
texture of bone ; and his chief and strongest reason for arriving at 
this conclusion appeared to be, because" the microscope showed 
that the teeth of all these animals were composed of tubular struc- 
tures,?structures which also constituted no inconsiderable portion 
of the solid bones. The fallacy of this conclusion will be advert- 
ed to afterwards. 
The present portion of his work is devoted to the dental sys- 

tem of fishes, and commences with a few general observations on 
the varieties in their number, form, situation, attachment, sub- 
stance, chemical composition, structure, and developement. 
Mr Owen remarks, that " the greater number of fishes have their 

teeth composed of an osseous substance, somewhat denser than the 
jaws to which they are affixed. In some instances, as in the teeth 

of the flying-fish (Exoccetus), and sucking-fish (Remora), the sub- 
stance of the tooth is uniform, and not covered with a layer of den- 
ser texture. In others, as the shark, sphyraena, &c. the tooth is 

coated with a dense shining enamel-like substance; but this is not 
true enamel, nor the product of a distinct organ; it differs from the 
body of the tooth only in the greater proportion of the earthy parti- 
cles, their more minute diffusion through the gelatinous basis, and 
the more parallel arrangement of the calcigerous tubes; but it is 

developed in and by the same matrix, and, resulting from the calci- 
fication of its external layer, is the first part of the tooth which is 

formed. In the Sargus and Balistes, the dentine, or proper osseous 
substance of the tooth, is harder than that of the fishes last cited, 
and is covered with a thick layer of a denser substance, developed 
by a distinct organ, and differing from the enamel of the higher ani- 
mals only in the more complicated and organized mode of deposition 
of the earthy particles. The ossification of the capsule of the ma- 
trix gives the enamel of the teeth of the file-fish, and some others, a 
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thin coating of a third substauce analogous to the " caementum, or 
crusta-petrosa" of the mammalian teeth. And in the pharyngeal 
teeth of the parrot-fish a fourth substance is added to the structure 
of the tooth by the coarser ossification of the pulp, after its periphe- 
ral part has been converted into the dense ivory. The teeth, con- 
sisting of dentine, enamel, cement, and coarse bone, are the most 
complicated as regards their substance that have yet been discover- 
ed."?P. 8, 9. 

In speaking of the structure of the teeth, it is remarked that 
the tubular structure is common to the teeth of fishes as well as 
to thoss of all the other classes of vertebrated animals; and that 
four principal modifications of this structure occur. 

Premising that the essential character of this structure is the 
presence of a cavitas pulpce, or medullary canal, from which the 
calcigerous tubes radiate, the first modification, he remarks, is ob- 
served in the rostral teeth of the saw-fish, where the tooth is tra- 
versed by a number of equidistant and parallel medullary canals, 
each canal, and its system of medullary tubes, representing a cy- 
lindrical or prismatic denticle, which is separated from the conti- 
guous denticles by a thin coat of bone or cement. Occasionally, 
as in the teeth of the parrot-fishes and chimsera, the contiguous me- 
dullary canals anastomose together. 

In the second modification the substance of the tooth is travers- 
ed by medullary canals, somewhat less regularly equidistant and 
less parallel than in the first, having the boundaries of their respec- 
tive systems of radiated calcigerous tubes indicated by the minute 
calcigerous cells with which the terminal branches of those tubes 
communicate. These boundaries are more or less obscured by 
the terminal branches of the calcigerous tubes crossing into the 
interspaces of the corresponding branches of an adjoining system 
of tubes, and anastomosing with them immediately or through in- 
tervening dilatations or cells. The medullary canals often dicho- 
tomize, and anastomose more frequently than in the first modifi- 
cation. |The teeth are generally of a large size ; and a good exam- 
ple occurs in the Port-Jackson shark, (Cestracion Philippi.) 
The third modification is the most common and characteristic of 

the dental structures of fishes. The tooth is permeated by a net- 
work of medullary canals, of which the interspaces are occupied by 
the calcigerous tubes or cells. The medullary tubes are directly 
continuous with those of the common bone with which the tooth is 

anchylosed. As these proceed through the tooth they maintain a 
course more or less parallel, and more or less straight or wavy; 
but they ramify abundantly, and gradually diminish in calibre as 
they approach the surface of the tooth. This form of structure is 

seen in the perch, salmon, herring, and other families of fishes. 
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The fourth modification is that which approaches nearest to 
what is met with in the higher classes of vertebrated animals, and 
is characteristic of the teeth of most of the reptiles and of the Mam- 
malia. The tooth consists of a single medullary or pulp canal, 
and a single system of calcigerous tubes, radiating from the cen- 
tral canal at right angles to the periphery of the tooth. This 
structure is met with in the teeth of the extinct sauroid fishes, in 
the file-fish (Balistes), angler (Lophius), &c. 
Mr Owen takes occasion to state his opinion as to the vitality 

of the teeth in the following words : 

" The uniform result of my researches on the structure of the 
teeth in all grades of vertebrate animals, and in their natural and 
diseased states, has been a conviction of the untruthfulness of the 
terms inert, dead, and unorganized, as applied to the substance of 
any tooth whatever. Extra-vascular undoubtedly is all that por- 
tion which consists of the calcigerous tubes; the capillary circula- 
tion is confined to the pulp or medullary canals; but since every 
secretive process and the developement of the primordial cells of 
every tissue are due to changes produced in the liquor sanguinis 
transuded from and beyond the sphere of the ultimate capillaries, 
the absence of these vessels in the dense dental substance is as 

little conclusive against its vital and organized nature, as it would be 
to prove the inert condition of the germinal membrane of the ovum 
before the thirtieth hour of incubation."?P. 13. 

In the fifty-third volume of this Journal the question as to the 
vitality of the teeth was fully discussed, and the conclusion ar- 
rived at was, that the teeth, being destitute of blood-vessels, nerves, 
and absorbents, and no changes occurring in them which could 
fairly be attributed to a vital agency, they ought to be regarded 
as destitute of vitality. 

After an impartial examination of their structure, growth, &c. 
it was also stated, that teeth ought to be classed along with the 
other cuticular appendages, as hair, feathers, claws, spines, &c.; 
organs which, though organized, as being the result of an organic 
secretion, were at that time usually regarded as destitute of vita- 
lity. That the opinion then expressed, regarding the class of or- 
gans to which teeth ought to belong, was correct, the researches 
of Professor Owen fully establish. With regard to what conclu- 
sion he himself may draw from the facts which he states in the 

present work, we have no means of ascertaining, the work not yet 
being completed; but as from the same facts, in his paper read 
before the British Association, he concluded that teeth ought to 
be arranged in the same category as bones, and this from both 
these organs possessing a somewhat similar tubular structure, it 

may be necessary to advert very shortly to the arguments in fa- 
vour of the opinion expressed in the former volume of this Journal. 
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All organs secreted by the cuticular or dermoid tissue are com- 
posed of a tubular structure, either in single tubes, as seen in hair, 
or in various forms of aggregation and modification, as observed 
in nails, feathers, claws, bills of birds, spines of fishes, &c.; nay, 
the very epidermis itself is composed of tubular scales; in fact, 
the essential structure of the cuticular surface, and of all its ap- 
pendages, is the tubular structure. The microscope shows that 
many of the spines of fishes possess in all respects the identical 
minute structures observed in the teeth of the same animals; and 
the very formation of these two classes of organs is now proved, 
beyond the possibility of a doubt, to be precisely similar. Hair, 
spines, feathers, &c. all grow from vascular papillae or bulbs on 
the surface of the dermoid tissue. The researches of Muller, Ar- 
nold, and Goodsir, have proved that the human teeth are formed 
from papillae of the mucous surface of the mouth; and every fact 
regarding the dentition of the lower animals, and especially the 
varied and extensive researches of Professor Owen, clearly demon- 
strate that these organs are always produced from papillae formed on 
the surface of the mucous or dermal tissues. The teeth of the 

saw-fish, in fact, are spines, formed on the dermal surface ; and yet 
in no respect, either in their mode of growth, or internal structure, 
do they differ from true teeth. So long as the facts were limited 
to the examination of the human teeth, doubts may have remain- 
ed as to whether they ought to be regarded as bones, or append- 
ages of the skin ; but the examination of these organs in the lower 
classes has now brought so many new facts to light, that not a 
doubt can remain as to which class they ought to belong. So that 
whether these organs be examined in their intimate internal struc- 

ture, in their mode of developement and growth, or in their rela- 
tions to the other organs of the body, they must be regarded as 
simple cutaneous appendages. 
As the subject of the developement of the teeth is one of the 

most important parts of the general subjects treated of in the pre- 
sent work, it is imposssible to pass it over without quoting the 
details. 

" In all fishes, as in other vertebrate animals, the first step is the 
production of a simple papilla from the free surface of either the 
soft internal integument, as in the young Pri&tis, or on the mucous 
membrane of the mouth, as in the rest of the class. In these primi- 
tive papillae there can be early distinguished a cavity containing 
fluid, and a dense membrane, membrana propria pulpi, surrounding 
the cavity, and itself covered by the thin external buccal mucous 
membrane, which gradually becomes more and more attenuated as 
the papilla increases in size. In some fishes, as the sharks and rays, 
the dental papillae do not sink into the substance of the vascular 
membrane from which they grow, but become buried in depressions 
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of an opposite fold of the same membrane : these depressions enlarg- 
ing with the growth of the papillae, and forming the cavities or cap- 
sules in which the developement of the tooth is completed. They 
differ from the capsules of the matrix of the mammiferous tooth in 
having no organic connection with the pulp, and no attachment to its 
base ; the teeth when fully formed are gradually withdrawing from 
the above described extraneous capsules, to take their place arid 

assume the erect position on the alveolar border of the jaws. 
" Here, therefore, is represented on a large and, as it were, per- 

sistent scale, the first and transitory papillary stage of the developed 
ment of the mammalian teeth ; and the simple crescentic cartilagi- 
nous maxillary plate with the mucous groove behind it containing 
the germinal papillae of the teeth, offers in the shark a magnified 
representation of the earliest condition of the jaws and teeth in the 
humafi embyro. 

" In many fishes, as the lophius and pike, the dental papillae be- 
come buried in the membrane from which they arise, and the sur- 
face to which their basis is attached becomes the bottom of a closed 
sac. But this sac is never lodged in the substance of the jaw, the 
developement of the tooth being completed in the tissue of the thick 
and soft gum or mucous membrane from which the papillae were 
originally developed : hence teeth in various stages of growth are 
frequently brought away with that membrane when it is reflected 
from the jaw-bone. The ultimate fixation of the teeth, so formed, 
is effected by the developement of ligamentous fibres in the submu- 
cous tissue between the jaw and the base of the tooth ; which fibres 
become the medium of connection between those parts, either as 
elastic ligaments, or by continuous ossification. 

" Here we have the second step in the developement of the mam- 
malian tooth represented, viz. the imbedding of the pulp in a fol- 
licle of the mucous membrane ; but the eruptive stage of the tooth 
takes place without any previous inclosure of the follicle and pulp 
in the substance of the jaw. 

" In the Batistes, Sparoids, Sphyrcena, Scarus, and many other 
fishes, the formation of the teeth presents all the usual stages which 
have been observed to succeed each other in the dentition of the 

highest organized animals; the papilla sinks into a follicle, becomes 
surrounded with a capsule, and is then included in a closed alveo- 
lus of the growing jaw, where the developement of the growing 
tooth takes place, and is followed by the usual eruptive stages. 

" The developement of the dental pulp in fishes, prior to the 
deposition of the calcareous particles in it, corresponds in the main 
with the processes described by Purkinje and Raschkow in the 
mammalia. The pulp-substance, or contents of the mernbratia pro- 
pria remain, in fishes, for a longer period in a fluid or semifluid 
state, and the granules or nucleated cells which are first developed, 
float loosely or in small aggregated groups in the sanguineo-serous 
fluid : they first attach themselves to the inner surface of the mem- 
brana propria, if these be not originally developed from that sur- 
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face, and the whole of the contents of the growing pulp becomes 
soon after condensed by the numerous additional granules which are 
rapidly developed in it after it has become permeated by the capil- 
lary vessels and nerves. The arrangement of these particles into 
linear series, or fibres, is first observable at the superficies of the 
pulp to which the fibres are vertical; and, at this period, ossifica- 
tion has commenced in the dense and smooth membrana propria of 
the pulp; it is thence continued centripetally in the course of the 
above-mentioned lines, towards the base of the pulp, either regu- 
larly progressive, as in the incisors of the Sargus and Balisles, or 
radiating, as in Sphyrcena, and (if we may judge by a posteriori 
observation of the structure of the fully developed teeth) in most 
other fishes, from the various centres formed by the persistent ca- 
pillaries of the pulp, around which the cells or granules become con- 
densed into concentric layers, which then become, as they are suc- 
cessively impregnated with the calcareous salts, the walls of the me- 
dullary canals. 

" In the shark, and all those fishes in which the teeth are com- 

pletely formed without going beyond the papillary stage of deve- 
lopement, there is no distinct enamel pulp ; the dense exterior layer 
of the tooth is formed by the calcification of the membrana propria 
of the pulp, which, therefore, precedes the formation of the ordinary 
dentine. But in the file-fish (BalislesJ, the sargus, the gilt-head 
( Chrysophrys), and some other fishes, a conspicuous enamel-pulp 
is developed from the inner surface of the capsule which surrounds 
the bone-pulp ; this enamel organ terminates, as in the human sub- 

ject, before the capsule is reflected upon the base of the pulp. It 
has a firmer tissue, more closely resembling that of the ordinary 
pulp, than in the mammalia: and, when examined under the mi- 
croscope, presents numerous and close-set fine fibres near that sur- 
face which is next the bone-pulp, and to which these fibres are ge- 
nerally placed at right angles. The base of the enamel organ, 
which is attached to the capsule, presents a granular and fibrous 
tissue blended together. I have not been able to trace any capilla- 
ries from the capsule into the substance of the enamel-pulp. In the 
incisors of the sargus, the developement of the enamel and dentine 
begins simultaneously upon the contiguous surfaces, and when we 
observe how close and compact is the package of the matrix of the 
tooth in the alveolar cavity of the jaw, it is hardly possible to con- 
ceive how either of these substances could be the product of transu- 
dation from their respective pulps. It is, however, easier to sepa- 
rate the primary layers of the enamel and dentine from their re- 
spective pulps than from each other ; yet if the denuded surfaces of 
the uncalcified portions of the pulps be examined by reflected light 
under a compound lens of a half-inch focus, they are seen to be rag- 
ged and punctate, and evidently different from the original surfaces 
prior to the commencement of the deposition of the calcareous salts 
in them. The formation of the enamel resembles more closely that 
of the dentine in the fishes cited than it does in the mammalia, and 
the enamel contains a greater proportion of persistent animal matter. 
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" The course of calcification of the two pulps takes opposite di- 

rections, and in the Batistes, the process finishes by the ossification 
of the outer layer of the capsule itself, by which both the enamel- 
led crown and the base of the tooth are coated with a thin layer of 
bone. 1 have not been able to discern any radiated cells in this 

analogue of the crusta petrosa, or cement of the mammalian teeth. 
It soon wears off from the crown of the extruded tooth. 

" In all fishes, the teeth are shed and renewed, and this not once 
only, as in most mammalia, but frequently, and during the whole 
lifetime of the animal. Fishes, indeed, can hardly be said to have 
permanent teeth. The rostral teeth of the pristis constitute, per- 
haps, the sole exception ; and these may be regarded rather as mo- 
dified dorsal spines. 
" In all cases where the first teeth are developed in alveolar ca- 

vities, the succeeding ones follow them in the vertical direction, 
and owe the origin of their matrix to the continuation, from the mu- 
cous capsule of their predecessors, of a coecal process, in which the 
papillary rudiment of the dental pulp is developed. But in the 

great majority of fishes, the germs of the new teeth are developed, 
like those of the old, from the free mucous membrane of the mouth 
through the whole period of succession, a condition which is peculiar 
to the present class."?Pp. 14-19. 

After these preliminary observations Mr Owen passes to the 
consideration of the structure of the teeth in the different orders, 
genera, and species of fishes; his varied remarks on each being il- 
lustrated by beautiful lithographic plates, exhibiting both their 
external form and magnified views of their internal minute struc- 
tures. 

The teeth of the Plagiostomata, or cartilaginous fishes, appear 
particularly to have attracted the author's attention. After some 

general remarks on the present state of our knowledge as to the 
bones which enter into the formation of the jaws of this class of 
fishes, and showing how other comparative anatomists have mis- 
taken the different modifications in the structure of these parts, Mr 
Owen arrives at the conclusion, that the " dentigerous cartilagi- 
nous arches of the sharks and rays represent, the one, the com- 
bined maxillaries and intermaxillaries, the other, the confluent 
articular and dentary elements of the lower jaw." 

The teeth of the cartilaginous fishes are not immediately con- 
nected with the cartilaginous arches, are never implanted in max- 
illary alveolar cavities, nor are they confluent with the substance 
of the jaw, even when the external crust of the jaw is ossified, but 
are always attached to the fibrous and mucous membranes which 
cover the maxillary cartilages. Retaining their common and cha- 
racteristic type of structure, the teeth of these fishes exhibit every 
grade of modification of form, from the laniary to the molar type, 
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suited to the varied habits of the animals, and the kinds of food 
on which they subsist. 

In all the sharks the body of the tooth is principally occupied 
with two kinds of canals, which Mr Owen terms medullary and 
calcigerous, the latter being, essentially, minute branches of the 
former. In the newly-formed tooth, these are distinguishable by 
the nature of their contents ; but the characteristic marks of each 
are gradually obliterated by the progressive developement of cal- 
careous matter by concentric layers in the medullary canal. 
The formation of the teeth of the sharks exemplifies on a large 

scale the earliest or papillary stage of dental developement seen in 
the higher classes of animals. It is not, however, succeeded either 
by the follicular or eruptive stage; the formative papillae are 
never enclosed, and consequently never break forth. The pulp, 
when consolidated by the deposition of calcareous salts in the pre- 
existing cells and tubes, is gradually withdrawn from the protec- 
tive sheath which the thecal fold of mucous membrane afforded it 

during the early stage of its developement. Mr Owen thus de- 
scribes the particular appearance of these structures in the uterine 
foetus of the common white shark: 
" A fissure presents itself on the inner side of the margin of 

each jaw, running parallel with it, between the thin smooth mem- 
brane covering the convex edge of the cartilage, and the free mar- 
gin of a fold of mucous membrane which lies parallel to, and upon 
the inner edge of the jaw. When this fold is drawn away from the 
jaw, the minute teeth are exposed, arranged in the usual vertical 
rows ; their points are all directed backwards and towards the base 
of the jaw, and are seen to slip out of fossae, or sheaths in the mem- 
branous fold, as this is gradually reflected backward to its line of 
attachment near the base of the jaw. Here the anterior lamina of 
the fold, which, from its office, may be termed thecal, is continu- 
ous with the mucous membrane at the base of the rows of teeth ; 

the posterior layer is reflected backwards to the frcenal line of at- 
tachment of the tongue. Close to the anterior line of reflection 
there is a row of simple conical papillae; in the succeeding row, the 
papillae are larger, the cone broader and flatter, and its apex is 

covered with a small cap of dense and glistening dental substance, 
which is readily removed; though not without displacement of part 
of the pulp, the granules of which, adherent to the cavity of the 
displaced dental cap, are always readily recognizable under the mi- 
croscope. The third series of papillae, counting from below in the 
lower jaw, have acquired the size and shape of the future tooth, 
with the crenate edges well marked; half the tooth is completed, 
and its removal from the fleshy base of the pulp cannot be effected 
without evident laceration of the pulp; when this is done under the 
microscope, the torn processes of the pulp continued into the medul- 
lary canals of the new formed tooth are plainly visible. The fourth 
tooth is completely formed, as also the fifth and sixth, in the as- 
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cending series ; these progressively diminish in size. The last or 

highest, which is first exposed on reflecting the thecal fold, and the 
first which is completed in the order of developement, consists of 
a simple cone, similar in form and size to the apical third of the or- 
dinary sized teeth below it ; yet its growth is quite completed, and 
its base firmly attached to the maxillary membrane." 

" The unossified pulps, examined with a higher power, consist of 
semi-opaque polyhedral granules or cells suspended in a clear ma- 

trix, and the whole enclosed in a tough transparent membrane, 
which forms the outer surface of the pulp. Beneath this membrane, 
at the crenate margins, the granules or cells are arranged in lines 
precisely corresponding with those of the subsequent calcigerous 
tubes. The formation of the tooth commences by the deposition of 
earthy particles in the tough external membrane of the pulp. I 
have been unable to recognize the distinct arrangement of the har- 
dening salts in this layer. It is transparent, extremely dense, and 
forms the enamel-like polished coating of the tooth ; in sections of 

fully formed teeth, the finest terminal branches of the parallel peri- 
pheral calcigerous tubes are lost in the above clear enamel-like sub- 
stance. When the enamel-like outer layer of the apex of the tooth 
is completed, it is so easily detached from the subjacent pulp that 
it might be readily supposed that there was no organic connection 
between them. If, however, the so exposed pulp be now examin- 
ed with the microscope, and compared with an uncalcified pulp, it 
is seen to be no longer covered with the smooth dense membrane 
observable in the latter; but the apical edges, from which the ena- 
mel-like cap has been detached, appear villous or floccular. It is 

obvious, that the first shell of the tooth has been neither transuded 
from the superficies of the external membrane of the pulp, nor has 
been deposited between that membrane and the granular part of the 
pulp, but is due to a conversion of the external membrane into a 

dense enamel-like bone. The formation of the body of the tooth by 
deposition of earthy particles in pre-existing and pre-arranged ca- 
vities is still more satisfactorily demonstrable. In proportion as the 
formation of the tooth has advanced, the difficulty of separating the 
calcified from the uncalcified portion of the pulp is increased, arfd 
at the same time it becomes easier to detect the continuation of the 

processes of the pulp into those medullary canals which form so 

many centres of radiation of the plexiform calcigerous tubes."?Pp. 
35-37. 

" As a consequence of a formation of a tooth by conversion of, in- 
stead of transudation from, a pre-existing pulp, the successive forma- 
tion of these pulps necessarily follows, where a succession of teeth 
is required ; these reproductive pulps are developed in the shark in 
the vascular mucous membrane at the angle of reflection of the 
thecal fold upon the groove at the basal line of the jaws. They 
gradually advance from this situation towards the margin of the 
jaw, the centripetal ossification extends as they advance, 
and consolidation is completed by the time they are ready to 
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change their recumbent for the erect position, and take the place of 
the tooth previously shed."-?P. 39. 

Mr Owen has rendered it extremely probable that the change 
of place, and direction of the teeth of the sharks, depends on some 
process of partial absorption and deposition operating on the mem- 
brane to which the teeth are attached, but not on the jaw ; con- 

sisting in a slow and gradual sliding motion of the dentigerous 
membrane upon the jaw. The fact upon which this opinion is 
mainly founded is, that in the jaw of a Galeus, which had been 
penetrated with the barbed spine of a sting-ray, which had broken 
off and remained fixed in the jaw, a double row of imperfectly 
formed teeth was found continued from the internal surface of the 

perforated part of the jaw to the margin supporting the erect 

teeth ; a circumstance which Mr Owen considers to prove that the 

dentigerous membrane advanced, whilst the particles of the jaw 
remained stationary. 
The teeth of the Myliobates or rays, are, like those of the 

shark, formed at the posterior part of the tesselated series, in pro- 
portion as they are worn away in front. A series of minute and 

closely aggregated papilliform matrices rise from the mucous mem- 
brane behind the teeth, and are covered by a fold of the same 
membrane, which is reflected forwards, so as to conceal the pulps 
and last formed teeth. The papilliform pulps are ossified by the 
deposition of the calcareous salts in the peripheral cells and ra- 
diating tubes, but the medullary or central canal of such pulp 
continues to retain its vascular contents, till the whole of the com- 

pound tooth is completed. The calcified wall of the medullary 
canal is then thickened, and the area diminished by the successive 
formation of concentric laminae of osseous matter. 
The peculiar formation of the jaws of the Cestracion, or Port- 

Jackson shark, is next noticed, approaching, as they do, in their 

greater elongation and more horizontal position, to those of the 
osseous fishes. The author shows that the upper dentigerous arch 
represents the ordinary maxillary and intermaxillary bones, whilst 
the labial cartilages or their rudiments, thought by Cuvier to repre- 
sent in the cartilaginous fishes the maxillary, intermaxillary, and 
premandibular bones, are entirely awanting. 

In the teeth of this fish, when the dense outer layer is removed 
from the crown of the newly formed teeth, the orifices of the me- 
dullary canals perforating the whole body of the tooth, are brought 
into view. These tubes or canals are more or less occupied in 
the recent fish by a vascular pulp, and are continued directly from 
the irregular cells and canals of the semi-ossified crust of the jaw. 
In the large crushing teeth, the greater number of the medullary 
canals proceed in pretty regular and slightly wavy courses towards 
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the grinding surface, whilst the outer ones incline towards the la- 
teral surfaces ; but they soon begin to divide, and the divisions 
continue to ramify dichotomously. The branches anastomose, 

particularly near the surface, and each maintains nearly the same 
size as the trunk. The process of dentition is most clearly one of 
conversion not of excretion ; the earthy particles being deposited 
in the microscopic cells and tubes of the formative matrix. 
The teeth of the various families included under the title of Ga- 

noid. fishes next engages Mr Owen's attention. In most of these 
there is but little to interest the general reader ; though the mi- 
nuteness and precision of his descriptions, together with the beau- 
tifully drawn lithographic plates, cannot fail to prove of the high- 
est utility to the student of natural history, and especially to the 
geologist, in the elucidation of the extinct species. 

In speaking of the compound teeth of the Diodon, Mr Owen 
takes occasion to correct the mistake into which Cuvier and Yon 
Born had fallen regarding their structure and mode of formation. 
The teeth of the diodon were supposed by these naturalists not to 
be formed by the deposition of calcareous tubes in the pulp's sub- 
stance, but by the apposition or transudation of layers of calcare- 
ous matter from the pulp's surface. The exposed surface of the 
tooth of the diodon presents, in fact, a series of transverse and pa- 
rallel striae, which, in a vertical section, are seen to be the mar- 
gins of thin, superimposed, horizontal, and slightly flexuous plates, 
which have been partially abraded by trituration in an oblique 
plane. The superior layers are the most worn, and are evidently 
the oldest; in proportion as they descend, in the lower jaw, they 
increase in breadth, and, finally, instead of being soldered toge- 
ther, they become detached, thinner, and of a more friable tex- 

ture ; the lowest and incompletely developed plates lie loosely in 
the cavity of the jaw beneath the superincumbent dental mass. 
It was this peculiar appearance which deceived Cuvier and Von 
Born. The mode of formation of the tooth, however, is thus de- 
scribed by Mr Owen : 

" The mucous membrane of the mouth and periosteum of the jaws 
are reflected into the cavities at the base of the compound tooth ; 
the periosteum lines the parietes of the cavity, and the mucous mem- 
brane forms a thick cushion extending across its floor. From this 
surface a lamelliform pulp is developed, in which the calcifying pro- 
cess takes place in a direction from above downwards. At first the 

earthy salts are deposited in the state of such minute subdivision** 
and in such a direction and abundance, as to produce the dense and 
minutely tubular structure of the dental plate. When this has ac- 
quired its due thickness, the rest of the pulp becomes ossified, i. e. 
the calcareous salts are deposited in less abundance, and in the pa- 
rietes and interspaces of coarse cells, instead of those of minute 
tubes. The margins of the ossified pulps, by this process, become 
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confluent with the parietes of the general dental cavity, and the 
mutual adhesion of the flattened surfaces of the impacted lamelli- 
form teeth is promoted by the pressure to which their exposed sur- 
faces is subject. By the time that ossification has begun in one 

pulp, a second has been developed beneath it, and it is the portion 
of the pulp solidified by the fine tubular calcification which gives 
rise in the macerated and dried jaws to the bone and thin lamellaj 
in the dental cavity. These lamellae become fixed by means of the 
coarser calcification or ossification which subsequently takes place 
in the remains of the pulp, and their margins are thus anchylosed 
to the surrouuding bone, in a manner analogous to the fixation of 

the base of the ordinary shaped teeth in other fishes."?P. 79. 

In the compound tooth of the diodon, then, parallel and aggre- 
gated series of short calcigerous tubes are separated by thin layers 
of a cellular bone. But the lamellae in it, as well as in the tusk of 
the elephant, and the conical molar tooth of the cachalot, present 
an organized structure of aggregated calcigerous tubes, directed 
more or less at right angles to the plane of the lamellae, and indi- 
cate that higher mode of developement by calcification of the 

pulp, which it is the chief object of Mr Owen's researches to ex- 
emplify. 

In the published portion of this work the dental characters of 
another group of fishes is given, viz. the Ctenoid fishes, consisting 
chiefly of the Percoides, Gobioides, Squamipennes,andPleuronectcs 
of Cuvier; as also a portion of the first family of the Cycloid fishes, 
the Labroides of Cuvier. 

Many and interesting are the details given on each of these groups, 
for which we must refer to the work itself. What we have said 

may serve to give some general idea of the interesting and original 
information here communicated, and what may be further expected 
from this accomplished anatomist. 


