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Introduction. 

There is a considerable literature upon the development of the 

chondrocranium of the Amphibia, but only a little of it gives ade- 

@uate details of the process of chondrification of the nasal capsules 

in this class of vertebrates. 

Parker, in a long series of extensively illustrated papers, 

(*71-'73-'75-'76-'82) was the first to give any adequate account of 

the development of the skull in the Amphibia; but his remarks, so 

far as the nasal capsules are concerned, are general and no detailed 

descriptions of parts or processes of chondrification are given. 

Born ('77) gives, in considerable detail, the process of chonérifi- 

cation in Triton cristatus; while Stohr('79) has also described the 

chondrocranium of Triton, but pays but slight attention to the eth- 

moidal region. 

oie 

Gaupp ('95) in his well kmown work on the chondrocranium of 

aie, ) 

Rana fusca discusses four stages in the development of the 

of the frog, treating all parts with more detail than any 

weiter. According to M Platt ('97) the nasal eapsule i 

GO a great extent chondrifies independently of the trabeculae, but 

She gives but a slight account of the development of the fenestr 

roof of the capsule. Winslow ('98) dealt with the chondrocrenia 

of several of the Ichthyopsida, but his account of the 

of the nasal capsules has but slight detail. 

only one who has deseribed any Gymnophione, while Terry ( 

followed the history of the nasal capsule of Amblystoma through 

five Stages, states that the-process df chondrification in Ambly- 

Stoma agrees closely with that of Triton. 

The work covered by this paper was undertaken with the idea yy per 
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ascertaining what homologies, if any, could be drawn between the 

nassl capsules of the various groups of Amphibia; and to determine 

in how far these structures would substantiate or alter the different 

classifications proposed for this vertebrate eroup. 

The work was done in the Zoological laboratory of the University 

of Illinois, almost entirely upon the departmental collections. It 

was carried on under the supervision of Profess J. S. Kingsley 

tO whom the writer wishes t0 acknowledge his sincere appreciation 

for the many helpful Suggestions a is kindly attitude during the 

investigation and prepa j r this paper. 

I wish to acknowledge my best thanks to Professoi GC. Eycles- 

heimer of the Illinois Medical School, 5 f several of 

a = arama his series of slides of Necturus. My anks are é xtended to 

Frofessor H. W. Norris of Grinnell College, Iowa, for the loan of 

his slides of the Gymnophiona, which however could not be used 

the stages were too far advanced for my particular purpose. oO J E <= J: 
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Amblystoma punctatum. 

Amblystoma was selected as the basis of these studies, because 

of the larger number of stages available and because of its inter- 

mediate position among the Urodeles. I have studied and modelled 

Seven stages of Amblystoma which show the successive 

chondrification of the nasal capsule. 

A larva 11 mm. long,(fig. 1), shows but few features of a 

nasal capsule. In the region of the eye the trabeculae (t), with 

Slightly developed cristae, inclined toward each other, but do not 

meet to form an ethmoid plate. They are triangular in section and 

tie along the mesal margin of the nasal sec. Anteriorly each 

trabecula expands into a broad plate, the corm (c.t.), wpon which 

the nasal sac rests. <A slight process, extending toward the median 

line from each trabecula is to form the ethmoid plate. 

Ina 16 mm. larva which was studied though not modelled, a 

few cartilage cells appear above the mesal margin of the cornu 

trabeculae of the left side only, very near the anterior end. 

@his is the anlage of the columna ethmoidalis or "Ethmoidelpfeiler" 

of Gaupp ('93). In this stage neither trabecular crests nor 

ethmoid plate have been formed. (fic. 41.) 

Ina 20 mn, larva chondrification is much more advanced. An 

antorbital process (a.p.),has formed anterior to the choana and 

extends laterally a distance equal to the width of the trabecula, 

which has become circular in section and the two trabeculae heave 

junited in the median line to form a broad planum ethmoidalis (n.e.), 

supporting the anterior end of the telencephalon. The lateral 

margins of the concave ethmoid plate are marked by thickenings, 

the extension forward of the trabeculae. The posterior margin is 
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arcuate, the anterior more nearly straight, passing into the ex- 

panding cornua, which have increased in size and form triangular 

plates in practically the same plane as the trabeculae, ‘The 

dorsal surface of each cornu is slightly concave and supports the 

wnasal sac and the organ and glands of Jacobson. The posterior end 

of each cornu reaches about the level of the middle of the ethmoid 

plate, where it terminates in a slight caudal process; while its 

antero=-lateral margin is at about an angle of 45 degrees to the 

medjan axis of the skull and meets the inner margin of the cornu, 

extending forward from the anterior margin of the ethmoid plate, 

Qt an acute angle, (fic. 2.) 

Dorsal and parallel to the trabecular extension (t.e.) of 

either side is an elongate rod of cartilage, the columna ethmoidalis 

(e.6.), the anlage of which has appeared in the 13 mm. larva. It 

lies between the telencephalon and the nasal sac and extends just 

posteriorly beyond the caudal limit of the ethmoid plate, Ina 

Similar stage Terry ('06) has described the junction of the caudal 

end of this rod with the trabecula,but I have not seen this conditionfg 

in my material. It is not connected with the trabecula but ends in 

the tissue above the nasal sac just posterior to the ethmoid plate, 

From the caudal limit of the bar, chondrification is developing 

laterally, to form the anlage of the lamina cribosa,. It is of 

especial interest that this rod, though later fusing wi 

becula arises independently of it. It is of further 

although chondrification of this rod develops posteriorly from its 

cephalic anlage, yet the lateral expansion arises from the caudal 

limit. 

In the next stage (fig. 3.), several features have been added 
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to the capsuley The cristae trabeculorum (cr.t.) are well develop- 

ed and their cephalic margins have united to the columnae ethmoid- 

alis, thus forming a wide trough in which the telencephalon lies. 

The cristae trabeculorum are curved upon their inner aspect and 

extend forwerd to the region of the choanea, from which the trabecu-~ 

lar extensions (t.e.) turn ebruptly toward the center to form the 

ethmoid plate (p.e.). In this stage there is an almost complete 

Separation of the dorsal from the ventral half of the capsule, the 

erista trabecula forming the only connection, The median processes 

of the ethmoidesl columns have united to form the beginning of a 

nasal septum just dorsal to the ee limit of the ethmoid plate. 

Although chondrification is in process, as shown by the presence 

of procartilage cells, the septum is not complete and there is 

yet no union of the columnae ethmoidalis and the ethmoid plate. 

Chondrification progresses toward the trabecular extensions of the 

ethmoid plate, and not in the opposite direction, The dorsal 

surface of the ethmoidal plate is concave near the trabeculae but 

become slightly convax upon its cephalic margin which continues 

laterally into the broad cornua. These cornua are roughly tr 

in outline and are slightly concave dorsally to support the anterior 

portion of the nasal organ. The lateral margin is broadly convex, 

embracing an arc of about 90 degrees, as it curves laterally and 

ventrally from the emarginate limits of the ethmoid plate to a 

point in line with its median plane. It terminates posteriorly in 

a Short process upon which the cephalic portion of the organ of 

Jacobson restS. 

Between the cornu trabecula and the antorbital process is 

swide bay in which the main nasal sac and the nasal glands lie. 
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The ethmoidal columns remain parallel and dorsal to the tra- 

becular extensions, although Several modifications occur. Each 

eolumn develops a lateral expansion, the beginning of a nasal roof. 

This is especially marked posteriorly where, just anterior to its 

junetion with the crista, a curved plate passes laterally over the 

caudal limit of the nasal sac and the chosena. This is the further 

development of the lamina cribosa (1.c.) described in the earlier 

stage. Further anteriorly this roa is considerably flattened and 

covers the medial dorsal margin of the nasal sac and ‘lands of 

Jacobson. Medial processes of each rod have united to form what 

Terry calls an ethmoidal bridge, although it marks the beginning 

of the nasal septum, completed in the later stage. The fenestra 

ethmoidalis (fen.eth.) passes beneath this bridge and connects the 

internasal space (in.s.) with the brain cavity. From the antero- 

lateral margin of the ethmoidal bridge (e.b.) each column turns 

laterally in an oblique direction and ends in the Ssue directly 

dorsal to the pepennk extension of the trabecula. 

fhe olfactory nerve leaves the brain at right angles to the 

axis of the body and enters the capsule just anterior to the crista 

trabecula, through the large foramen beneath the columne ethmoidalis. 

It divides into dorsal and ventral roots. 

In a larva 34 mm. long (fig. 5.), the columna ethmoidalis has 

fused with the trabecula, separated from it only by the small ol- 

faetory foramen (f.0.), to be deseribed later. Anteriorly the 

jethmoidal columns have united to the trabecular extensions, while 

posteriorly they have united to the dorsal crests of thé trabeculae; 

So that column and crista of either side appear as one continuous 

elevation, pierced by the olfactory foramina. Just anterior to 
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theseforamina the ethmoid plate, which is thin behind, becomes a- 

bruptly thickened, the result of the fusion of the ethmoidal bridge 

with the ethmoid plate of the preceding stage. The fusion of these 

parts and the subsequent caudal growth has produced the broad and 

thick septum of this stage so characteristic for the Amblystoma 

capsule. By reason of the antero-lateral expansions of the Septum, 

its anterior margin becomes deeply excavate, forming a V-shaped 

internasal space (in,s.). Each lateral surface of the septum na- pe 

Si is curved and bordered dorsally by the median nasal process which 

covers the medial and dorsal surface of the Olfactory organ. This 

process continues anteriorly, and, near its cephalic margin, is 

pierced by a foramen (f.n.i.) through which the rams nesalis inter- 

nus of the fifth nerve passes to the internesal space, et 

The expanded cornua trabecula continue from the antero-lateral 

margins of the ethmoid plate. They do not differ greatly from the 

preceding stage. The lateral margin of each cornu is broadly con- 

vex and extends caudally to the level of the posterior limit of the 

Septum nasi. From its junction to the lateral margin, the poster- 

ior margin is directed medially for a short distance when it turns 

abruptly cephalad and then, with a broad Sweeping curve, continues 

posteriorly and fuses with the caudal lateral mergin of the ethmoid 

peoee ventral to the olfactory foramen. Between the caudal exten- 

Sion of the cornu and the cephalic portion of the lamina vet to be : ig : | a 

described, lies the organ of Jacobson, and the glands of Jacobson 

extend medially from this process. 

Just dorsal to the olfactory foramen a Strong lamina cribosa 

(1.c.) extends laterally and anteriorly and, curving ventrally forms { ? 

a2 vault over the caudal limit of the nasal sac. 
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Its lateral margin extends nearly to the level of the gan between 

the caudal extension of the cornu and the antorbital process; the 

posterior margin of the lamina is oblique, its lateral margin 

Slightly arcuate, and its anterior margin continues forward as a 

small conical process to the level of the posterior margin of the 

| cornu trabeculae, The stages thus far described, show that the 

lamina cribosa is developed as a lateral outgrowth from the caudal 

part of the columna ethmoidelis. 

The antorbital process, outlined in the preceding stage, is 

now more strongly developed and more closely associated with the 

capsule, In the earlier Stage it aes considerably removed from 

the ethmoid plate, but by forward growth its anterior margin is now 

in line with the posterior margin of the ethmoid. Hach process 

f extends laterally a short distance and then bends abruptly forwa 

and terminates anteriorly in a small projection posterior to the 

caudal lateral angle of the lamina cribosa. The proximity of the 

antorbital process to the lamina is indicative of the part it is 

to take in the completely differentiated capsule. 

In a 45 mm, larva (fig.7), chondrification has not greatly 

advanced beyond that in the 54 mm. Stage, The capsule has not in- 

creased in length although there is an appreciable increase in 

depth and in breadth. The forebrain lies within the brain case 

(c.c.) for about one-third the length of the capsule and, with 

growth and development of the olfactory lobes, there is a corre- 

f Sponding increase in the size of the brain case which iS now approx- 

imately hemispherical. The olfactory foramina look obliquely for- 

ward and the olfactory nerves pass obliquely from the anterior mar- 

| gin of the olfactory lobe to the caudal region of the nasal sac, 
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The olfactory organ has moved forward so that s anterior to the 

forebrain except for its caudal one-third; a relation which is more 

pronounced in the last stage to be described, 

The nasal septum (s.n.) has decreased slightly in length al- 

though it is almost twice as thick as that described for the 34 mm. 

i stage. Its posterior dorsal margin is broadly concave, although 

the posterior surface is almost vertical to the plane of the ethmoid 

plate, which curves downward and backward, The internesal space 

bounding the septum in front is arcuate and is occupied by the inter- 

maxillary glands common to most Urodeles, The medial nasal process-~- 

es (m.en.p.) of the ethmoidsl columns have developed laterally, so 

that they now form a roof for the mesal half of the nasal organ, 

Each is pierced near its lateral margin by a foramen for the branch 

of the nasalis internus which innervates the anterior dorsal region 

of the snout. Anteriorly each process terminates abruptly and is 

Separated from the blunt trabecular extension by a notch, the median 

nasal incisure of Terry ('06), which allows for the passage of the 

main ramus nasalis internus to the internasal SPECOe In the 34 mn, 

stage the notch and the foramen were near each other, but they have 

become separated in this stage by growth in the intermediate region, 

Anteriorly procartilage cells cover the capsule and lie around 

the nasal duct where it passes inward to unite to the main nasal 

These procartilage cells suggest the vault that later forms 

Over the entire cephalic end of the eed Amen e 

The lamina cribosa (1.c.) is more vaulted and covers the nasal 

organ from the choana to the well developed organ of Jacobson which 

lies between its ventral margin and the caudal extension of the 

cornu trabecula. Anteriorly the distal angle of the lamina cribosa 
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has fused with the cornu trabeculae so that there is a complete band 

of cartilage around the external naris. The naso-lacrimal duct 

passes above this connecting bar and unites to the main-nasal sac 

just above the cephalic limit of Jacobson's organ, The nesal can- 

al formed by the ring of cartilage is an elongete ovoid, exposed 

on its dorsal surface by the broad bay, the fenestra narina (fen.n.) 

of Gaupp,and, on its ventral surface, by the oval gap between the 

antorbital process and the cornu. 

In a larva approaching the end of metamorphosis (fig. 9.) 

many modifications of the nasal capsule add to the complexity of 

the structure. The length and breadth of the capsule are approx- 

imately the same, although there has been a reduction in the length 

of both septum nasi and ethmoidé plate, so that the anterior three- 

fourths of the nasal sac lies cephalad to the forebrain. The nasal 

septum is reduced in width by one-half, to accommodate the lateral 

growth of the olfactory organs of the two sides, which now more 

closely approximate each other. is broadly concave on its an- 

terior surface, the dorsal margin extending more cephalad than the 

ventral, so that a partial roof is formed over the inter-nasal 

The median nasal process(m.n.p.) and the lamina cribosa have 

expanded laterally and-form a complete roof over the nasal sa 

Anteriorly the cephalic part of the median nasal process and the 

eornu trabecula have united above the distal end of the olfactory 

organ to form a complete vault of cartilage. This growth has ne- 

cessitated a change in the position of the external narial opening 

hich is now lateral in contrast to the terminal position of the 

The broad deep bay of the fenestra narina hes 
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been obliterated so that the narial opening is now an elongete oval, 

looking obliquely forward. 

The antorbital process has united to the lamina cribosa, a 

condition suggested by the close association of these parts in the 

earlier stage, thus forming a cup-like structure, pierced poster- 

iorly by a large orbito-nesal foramen (f.o.n.), Into this foramen 

the caudal portions of the nasal sac have extended and through it 

the nerves of the nasal region enter the capsule. The united ele- 

ments of the lamina cribosa and the antorbital process bend obli-~ 

quely forward and completely arch the choana and the caudal parts 

of the main nasal sac. This arch is pierced by two foramina near 

its ventral lateral margin through which the ramus profundus of the 

fifth nerve end two blood vessels enter the car Anterior 

these openings, the cribosa unites to a process which I believe 

be the caudal extension of the cornu trabecula, which as in earlier 

stages so in this, ends blindly in a process supporting the caudal 

pert of Jacobson's organ. 

In addition to the large narial opening and sepsrated from it 

by 2 bar of cartilage, the development of the band of the earlier 

Stage, is a second foramen, the infra-conchalis of Gaupp, (fen.i.c.) 

through which the organ of Jacobson extends to the lateral envelop- 

ing tissue. Lying close to this foramen is a deep furrow in the 

lateral surface of the cribosa along which the naso-lacrimal duct 

passes to its junction with the nasal sac at the posterior margin 

of the narial opening. 

The dorsal surface of the roof of the capsule has four foram- 

TnGs The anterior three of these are smaller and conduct rami 

of the superficialis of the ophthalmic from the capsule. 
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The posterior foramen, directly opposite the nasal septum, is the 

larger and probably represents the beginning of the resorption of 

cartilage which so completely changes the capsule to the adult 

form. Upon the mesal surface of the capsule the foramen nasalis 

internus conducts the main branch of the superficialis to the in- 

ternasal space which contains the well-developed intermaxillary 

gland. A prenasal process marks the cephalic extension of the 

capsule, and it extends forward from the mesal surface near 

above described foramen. There is a large gap in the floor of 

the capsule, oval in outline, bounded by the ethmoid plate and 

lamina cribosa on the sides, anteriorly by the corm trabecula, 

and posteriorly by the antorbital process. 

The nesal capsule of the adult Amblystoma (fig.10) 

result of growth and specialization of those structures 

in the stage just described. It has inereased both in wi 

and in length by one-half the original dimensions; effected by a 

growth of certain parts and a reduction of others, The septum 

nasi and the ethmoid plate are further reduced and are nearer the 

posterior limit of the capsule, resulting in a more cephalic ex- 

tension of the olfactory organ beyond the forebrain. In contrast 

Go the closed capsule of the earlier stages, that of the adult is 

decidedly open and a large five-sided gap exposes the entire dor- 

Sal surface of the nasal organ. This gap is the further result 

ef the process of resorption of cartilage which began in the ear- 

Hier stage in the foramen opposite the na al septum. From this 

point the process has continued anteriorly, laterally and poster- 

forty watil ‘allvthat now remains of the complete cartilage roof 

is a slender bar of cartilage, the dorsal process (d.p.), running 
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diagonally across the nasal sac from the plate covering Jacobson's 

organ, to the posterior angle of the dorsal surface of the cupola 

(c.). The fused elements of the lamina cribosa and the antorbital 

process are reduced to a broad band of cartilage which, curving 

Obliquely forward, forms a roof for the choana and the lateral as- 

pects of the main nasel sac. This band is pierced by three for- 

amina through which the nerve and blood vessels, mentioned in the 

earlier stage, pass. The fenestra infra-conchalis is more elongate 

and completely contains the orgen of Jacobson. The further modi- 

fication of the band of cartilage uniting the lamina cribosa to the 

eornu in the earlier stages, which now unites the dorsal process 

above described to the lateral margin of the cornu, is pierced by 

a small foramen through which the ramus profundus pesses to the 

exterior. The cupola is more completely formed and the narial op- 

ening is more lateral and somewhat dorsal. 

The final stage in the chondrification of asal capsule 

of Amblystoma is evidently a specialization of ca age structures 

present in the earlier stage. The ethmoid plate, nasal 

and cristae trabeculorum become greatly reduced, while the median 

nasal process, lamina cribosae and antorbital process become great- 

ly specialized. The preatest change in the adult has occurred 

anterior to the septum-nasi where the median nasal process and 

the cornu trabeculae have expanded into a complete vault over the 

anterior parts of the olfactory SaCe With a large ventral gap 

from external nares to choana, and a dorsal gap reaching from 

cupola to cribosa, the capsule is now much in contrast to the 

elosed type of all the earlier stages. 
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Salamandra maculata. 

In a larva of Salamandra maculata, 25 mm. long, chondrification 

of the nasal capsule has advanced to a stage intermediate between 

the 265 mm. and 34 mm, Amblystoma larvae. The trabeculae with well 

Wdeveloped crests extend to the region of the antorbital processes 

where the cristae terminate abruptly. Turning toward the median line 

the trabeculae unite to form the broad trapezoidal ethmoid plat 

(p.es); its posterior mar gin being parallel to and one half longer 

than the anterior margin, It is more conspicuously concave dorsally 

than that of a corresponding stage of Amblystoma and the trabecular 

extensions (t.e.) are more pronouneed, thus forming a trough for the 

olfactory lobes. The anterior margin is straight between the cornua 

but the posterior bears a strong process (c.p.), which Parker has 

G@alled the hinder process, lacking in all other stages in all other 

forms of Urodeles which I have studied with the exception of a 

Single stage of Cryptobranchus. 

The broad plates of the trabecular cornua arise from the antero-| 

lateral angles of the ethmoid plate. These are thin, slightly 

curved triangular cartilages which support the anterior part of the 

nasal sac.Their antero=lateral margins are distinctly curved in 

lateral posterior direction and terminate in an angle at the level of | 

the anterior limits of the ethmoid plate. The lateral part of the 

posterior margin of each cornu is nearly straight; more medially 

curves backward and fuses with the lateral margin of the trabecular 

ridge at the level of the transverse axis of the ethmoid plate. 

Parallel to each trabecular ridge (t.r.) and separated fom it 

by a distance equal to twice its width is the columna ethmoidalis 

fees )is The lack of earlier stages prevented the determination 
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Of the origin of this cojumn, but I am inclined to believe that it 

arises from the medial margin of the cornu and then grows posteriorly 

@long the nasal sac; because of the similarity of this structure 

40 that in Spelerpes in which the columna arises from the medial 

margin of the cornu. This is in contrast, however, to the independ- 

ent origin of this bar in Amblystomas The fusion of these bars is 

not the same in both capsules. The ethmoidal columns in Amblystoma 

40 form an ethmoidal bridge before there is a connection with 

plate or corm, while in Salamandra there is no ethmoidal bridge 

formed, Continuing posteriorly each columna ethmoidalis rests 

against the dorsal mesal margin of the olfactory orgen. From being 

circular in section at the anterior end it gradually becomes more 

oval, forming a partial roof for the capsule, and dorsa 

choana, a lateral process curves downward to cover completely the 

Gaudal limit of the nasal sac, This is the anlage of the lamina 

6ribosa (1.c.) which is formed by 2 lateral extension of the caudal 

end of the ethmoidal column, so well developed in the later Stage. ? c 

A small groove between the anterior limit of the cornu and column 

allows the passage of the nasalis internus nerve to the internasal 

space. 

Antorbital processes arise from the lateral margin of each tra- 

becula just posterior to-the cribosal anlage; they are directed 

Tatero- ventrally and then turn abruptly cephalad for a distance 

equal to the length of the process and terminate at the level of the 

caudal margin of the ethmoid plate. 

In @ lerve 38 mm. long (fig. 12.) the nasal capsule shows many 

resemblances to that of the 45 mm. Amblystoma, The capsule has 

doubled in size and chondrification has advanced 
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aifording a much more complete protection for the olfactory organs. 

The crista trabeculae (cr.t.) which had appeared in the 25 mm. sta 

has now united to the caudal limit of the columna ethmoidalis and 

forms a complete lateral wall of the cavum cranii in this region. 

A mach younger Amblystoma shows this fusion elready accomplished. 

AEC, 

The ethmoidal plate (p.e.), though trapezoidal in ovtline, has 

eompletely lost the hinder. process of the earlier s 

posterior margin is semicircularly excavate, like 

Amblystoma larva. Trabecular ridges (t.r.) still persist, although 

. 

they are not as marked as in the earlier stage. Anteriorly the 

ethmoid plate continues into the nasal septum. 

Mhe cephalic end of the ethmoidal columns have grown tower 

Other and have fused in the median line to form @& smell nasal 

above the anterior margin of the ethmoid. The. dorsal surface of t 

Septum nasi is flat and continuous with the median nasal process 

(m.n.ep.) of each side; its anterior margin has developed a #ri- 

1€ 

angular cephalic process (ce.p.) projecting into the internasal spacef 

midway to the anterior limit of the capsule covering the intermaxil- 

lary gland. The nasal septum has not completely united to the 

ethmoid plate, a large opening, the fenestrae ethmoidalis 

existing between the brain cevity and the internasal space. 

foramen is merely transitory for in the later stage cavum 

internasal space are completely separsted from each other 

plete nasal septum. The septum is triangular in sagittal section; 

its posterior side being vertical, the dorsal surface flat and the 

anterior face, curving posteriorly, together with th sphalic 

process forms a roof for the internasal space in which the inter- 

Maxillary glands lie. 
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Anterior to the olfactory lobes the united columns 2% 

and cornu trabecula extend forward a distance about equal to the 

length of the septum nasi and form a complete vault over the anterior 

end of the olfactory organ, a condition similar to the 55 mm. 

Amblystoma larva. The median nasal process (m.n.p.), whose anlage 

wes observed in the 25 mm. stage, now forms a complete roof for the 

Capsule and is separated from the leteral margin of the cornu by a 

large oval gap the external narial opening (e.n.). The olfactory 

organ opens laterally and a blind end of the sac extends into the 

Cartilage vault (c.) anterior to the naris, while in © corresponding 

Btage of Amblystoma this opening is terminal and the organ does not 

become associated with the capsule for several sections. Upon the 

medial surface of this cartilage cap (e.), just anterior to the 

Septum nasi is a small foramen (f.n.i.) for the nasalis internus 

nerve whieh passes to the intermexillary gland. The lamine cribosa 

(1.Jc.), whieh arose as a lateral process of the posterior part of the 

ethmoidel column has now curved down over the entire caudal area of 

the nasal sae and is continuous in front with the medien nasal pro- 

laterally it has united at its anterior angle to the caudal 

limit of the cornu, tlus forming a complete band of curtilage around 

the olfactory organ. The naso-lacrimalduct passes over this bar, 

divides into two tubes, distributed to the inner angle of the eye. 

fhe cornu continues posterior to this bar and terminates in a short 

caudal process supporting the organ of Jacobson. 

The cornua trabeculorum which form the floor of the capsule 

distinctly convex on their ventral aspect and extend as far as the 

jroot ef the capsulé. At the anterior end of the ventral surface 

loz each corm, is a small prenese? process (pn.y.) which extends 
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Wentrally to the level of the floor. At this stage the olfactory 

foramina have not completely formed, but the olfactory nerve passes 

the large fenestra extending from the anterior level of the 

plat 
= almost to the line of its posterior margin. The ant- = 

process (a.p.) is more slender than in the corresponding 

Stace of Ambiy stoma ; it extends laterally a distance equal to the 

width of the trabecula and then turns cephalad to end near the latera 

margin of the lamina eribosa. 

In a larva approaching the end of metamorphosis (fig. 13.), the 

Nasal capsule resembles that of the adult Amblystoma in severa 

espects. The ethmoid plate (p.e.) is shorter than in the preced-= 

ing stage and the nasal septum (s.n.) unites the median 

Capsules,so that two thirds of the nasal sacs lie enterior to the 

brain. The fenestra ethmoidalis (fen.eth.) has entirely disappeared 

internasal space and brain cavity are entirely separated by 

a Cartilaginous wall, a condition described by Seydel as characteris- 

From the median line of the dorsal surface rie. {or the adult. 

of the septum nasi the cephalic process (cesp.), more Slender in this 

Stage extends forward to the level of the base of the prenasal pro- 

e e 

cess (pn.p.). 4 covers the intermexillary glands. I have not 

this structure in any other Urodele. 

OF stb Vise oO antorbital process has united to the caudal extension 

cornu, thus outlining two large fenestrae. 

wentral and lies between the cornu and antorbital process, while the 

+} | small orbito-nasal foramen (f.o.n.) lies posterior to the caudal 

t 4. the eriaGsa.s There is no association between the lamina 

> 

and the antorbital process. These structures approximate 

ther, but do not unite, so thats complete lateral covering for ’ ? 
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the nasal organs hes not yet been formed. The eaudal extension of 

the lamina cribosa, completely covering the choana,is pierced by 

& small opening through which a small branch of the nasalis internus 

leaves the capsule. 

This capsule very closely resembles that of the last 

Stage of Amblystoma. Its general shape, the nasel septun, 

ethmoid plate, the foramina for the rami of the fifth nerve 

features shared by both these forms. Salamandra possesses no fenes- 

tre, infrea-conchalis, though I amsinclined to believe that a later 

Stege would show the formation of the cartilage around the organ 

of Jacobson. A further difference exists in the complete separation 

of the lamina cribosa and antorbital process so thet the lateral 

aspect of the nasal sac is exposed in these parts. The ethmo- 

so 

In the adult,Parker describes sistance 

of the prenasal processés and the median rostrum and says that they 

seem to be the non-segmented rudiments of the paired and unpaired 

elements of the foremost visceral arch, whose splints are the 

Maxillaries. This median rostrum is not present in any other 

rodele, although the prenasal processes are found in other types. 

[Parker's homologies are hardly borne out by our present Imowledge. 
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Triton cristatus. 

The nasal capsule of Triton cristatus, though bearing some re- 

Semblances to those of Salamandrea and émblystoma shows many strik-~ 

ing contrasts. In a larva 28 mm. long (fig. 16), the capsule is 

somewhat rectangular in outline, the width slightly exceeding 

length at its widest part, and gradtally tapering toward the anter- 

aor end, 

At this stage the trabecular crests(cr.t.) are well developed, 

being wider at their ventral than at their dorsal marg 

tend in a latero-dorsal oblique direction, forming the 

of the brain case in this region. At the enterior margin of 

cristae the trabeculae fuse by their wentral margins to form 

small ethmoid plate (p.e.) which, strikingly in contrast to the 

broad ethmoid plate of Sals mandre and Amblystoma, resemble somewhat 

that of Cryptobranchus yet to be described. It is ual in length 

. 

4o about the width of the trabeeula and it unites the capsules of 

either side at a point just beneath the larse olfactory fora 

Dorsal to and separated from the planum ethmoidalis by @ con- 

Siderable distance is a narrow bar, the nasal septum (s.n.), which 

roofs the internasal space between the capsules. This septal ba 

unites the cephalic extensions of the istae at the antero-dorsal 

margins of the olfectory foramina and is separated from the ethmoid 

plate by a larse fenestra ethmoidalis (fen.eth.) similar to that in 

the 38 mm. Salamandra. 

In contrast to the larval steges of other Urodeles studied, 
v) 

the nasal organs of Triton are almost entirely anterior to the fore- 

brain: so that .ethmoid plate and nasal septum are near the caudal 

Timit of the capsule. As a result of the relation of the centra 
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nervous system to the nasel structures, the capsule appeers a WwW 

Segment of a elongate cone, obliquely truncate anteriorly, wi 

++OH°¢ 
lateral wall interrupted by a very large narial opening. As is true 

for a1] Urodeles, the curtilage structuresof each side are separated 

my an internasal space which in Triton is more elongate and extends 

between the walls of the anterior two thirds of the Gapsule, This 

internasal space, the intermaxillary room of Born ('77) is contim- 

pus with the cavum cranii and igs sepereted from it by membranous 

piructures only. 

Anterior to its junetion with the crista trabecula, the lamina 

ribosa (l.c.) forms a wide curved aieic which roofs the choana and 

posterior parts of the nasal sae and forms a complete vault extend- 

ing from the septum nasi and dorsal margin of the olfactory foramen 

© the plane of the ventral margin of the trabecula. Upon its later- 

Bl ventral angle this vault unites to the cephalic extension of the 

antorbital process (a.p.), thus forming a large orbito-nasal foramen 

(f.0.n.) through which the nerves of the nasal region pass to the 

interior of the capsule. Anteriorly the lamina cribosa unites 

lateral angleto the caudal extension of the floor of the 

capsule, thus forming a complete band of cartilage around the nasa 

a condition observed for every Urodele thus far studied, 

and is also associated with the organ of Jacobson which lies 

small extension of the floor of the capsule posterior to the 

nion with the lamina cribosa. The naso-lacrimel duet passes over 

this bar as in both Amblystoma and Salamandra. 

Anterior to the nasal septum the trabecular extensions have 

exponded into a plate which has grown ventrally to form the floor 

the capsule and dorsally to form the inner wall. This inner wall 
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curves upward and outward and is directly continuous with the anter- 

ior margin of the lamina eribosa, so that these fused structures 

Bete mm artilag a: G apsu ced & Single form a complete cartilage roof for the capsule, pi 1 re singl 

targe opening, the dorso-lateral fenestra, separated from the dorsal 

dateral margin by a narrow bar. A small foramen in the vault near 

the nasal septum conducts a branch of the nrofundus nerve to the 

dorsal surface of the capsule. 

Upon the ventral aspect of the capsule, the trabecular extension 

has expanded into a trapezoidal cornu which forms the floor of the 

capsule and is uninterrupted as far back as the level of the septum 

nasi where it unites upon its lateral mergin to the lamina cribose 

above described. anterior end the floors of the two capsules At the 

approach each other, and at the extreme medial ventral tip of each 

there is a small projection, the prenasal process (pn.p.), pro- 

bably the homologue of that structure in both Salamandra and Ambly- 

stoma. Above this process is the foramen nasalis internus (f.n.i.) 

which passes the superficialis nerve to the internasal space. The 

tip ef the capsule is not vaulted in this stage, but the anterior 

marcin is widely curved and the olfactory sac continues beyond the 
£ J ev e 

limit of the capsule to open by the terminal nariel opening. 

The nasal capsule, &lthough well chondrified at this stage, has 

largest of which is the external naris for 

ano the naso-—lacrimal duct. The second 

Bap is ventral and lies between the caudal end of the cornu and the 

antorbital process where the nasal organ is separated from the mouth 

Cavity by the epithelial lining of the mouth. The orbito-nasal, 

Olfactory and dorsal foramina are about the 
* 
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The second larva of Triton cristatus studied was 35 mm. long 

Piro. E. }. Tt) showed chardcters intermediate between those of the 

mm. larva and the stage described by Born ('77). In his account 

one Structures. of the adult , Born described large gaps that appear 

be formed by the continuous inerease of smaller openings present 

my older stage, There has been. a reduction in the length of the 

apseule,-most of which occurs at the anterior end, so that the width 

LS greater in proportion to the length than in the 28 mm. lerva. 

the cartilage bar uniting the’ antorbital process to the lamina cribos 

has Separated into two bars’ between which the ovter branch of the 

profundus nerve enters the capsule to - distributed to Jacobson's 

Organe The brain lies lateral to the caudal fourth 

pf the nasal sac, a condition true of the earlier larva; but Born 

pays that in the adult, the brain lies entirely posterior to the 

asal sac. The olfactory foramina (f.0.) are more ovoid in this stage 

nd this has caused a wider separation between the septum na at the 

enterior margin of the foramina and the ethmoid plate so thet there 

is an increase in the size of the fenestra ethmoidalis (fen.eth) 

Connecting the large internesal space with the cavity of the forebrain 

or thie olfactory lobes and the intermaxillary glands to overlap | 

7 this Stage. 

Anterior to the olfactory foramen, the inner wall of the capsule 

is pierced by a Small opening for the main branch of she superficialis 

which passes to the intermaxillary giants while another branch of the 

same nerve Dears the capsule through the foramen on the dorsal 

surface near the septum nasi. Through the foramen in the inner wall 

the prenasal process of the capsule, the main branch 

oe thesmpper chip. 
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On the floor of the capsule near the anterior end is = small gap 

which I believe to be the first appesrance of the large opening which 

iS\the result of a further resorption of cartilage, described by 

Born for. the adult. In contrast to the earlier stage the capsule 

Now forms a vault (c.) over the anterior end of the nasal organ and o 

A 

thas the anterior naris is lateral, a condition even more marked in 

the adult stage. 

To try to homologize the structures of Triton with those of 

Amblystoma is well nigh impossible without the early stages, Born 

('77) has described the process of chondrification but has shown 

no figures of his early stages. Terry ('06) says,"The development 

of the cartilaginous nasal skeleton of Amblystomea is comparable in 

many respects with the processes in Triton as described by Born." 

Born says nothing of an ethmoidal column which chondrifies indepen- 

dently and then subsequently becomes associated with the trabecula; 

on the contrary he says, "Bei den Tritonen die knorpelkapseln der 

Nasenhohlen durch directes auswachsen der Trabecel gebildet werden”. 

Mhe side wall, roof and floor of the capsule 

tinuous dorso-lateral and ventro-lateral growth from the trabecular 

extensions. The many gaps in the structure have been formed not by 

fusion of parts independently chondrified, but by interruptions of a 

continuous growth. On the contrary the independent chondrification 

of parts in Amblystoma and their fusion to the main trabecu 

form the side wall of the capsule reverses the process 

described for Triton, and yet Terry concludes his comparison by 

stating, "It appears to me that there is after all not much diffe 

ence in the origin of the capsule of these two animals." In my 

Six stages of Amblystoma I have never observed a well developed 

has been formed by a con 
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connection between the internasal space and the brain cavity. 

Triton) this fenestra is present in both larval stages and Born say 

"Dieser Internasalraum ist bei Triton cristatus und taeniatus, nie- 

mels durch eine Imorplige Wand von der Schadel héhle geschieden, son- 

dern immer hautig gegen dieselbe abgeschlossen."” I have described 
1. % 
@ Similar opening in Salemandra where it exists only in the larval 

Stage. It also occurs in the larvae of Pelobates and Rana, 

Resemblances to the 38 mm, nasal capsule of Salamandra are 

Somewhat striking. The ethmoid plate, fenestra ethmoidalis, ol- 

factory foramen and nasal septum can be readily compared. The 

antorbital process and: its connection to the lamina cribosa forms 

the palatal process of Born ('77) and 

Seydel ('95) called the posterior 

"Gaumenfortsatz" even before it had united to the antorbital process, 

Both the floor and the roof of the capsule of Salamandra resemble 

those of Triton, but the absence of the large gaps in these parts 

preclude drawing definite homologies. 
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Diemictylus viridescens, 

The nasal capsule of a larva 38 mm. long (fig. 14-) is well 

ehondrified and resembles in many respects that of the 35 mm. Tri- 

tem, cristatusce In both animals the two capsules are united by a 

very narrow ethmoid plate, the only connection between them in 

Diemictylus, which does not possess a septum nesi as does Triton. 

The nasal organs are well encased in cartilage and the same gaps are 

well represented in both forms. In the region of the eye the cristae 

trabeculorum (cr.t.) are high, completely separating the optic organ 

from the central nervous system. 

The antorbital processes (a.p.) have already united to the 

lamina cribosa (l1.c.) so that these structures form a curved plate 

which completely covers the dorsal and lateral parts of the choanal 

region, This plate is pierced on its poSterior surface by two for- 

amina, the inner of which is the orbito-nasal opening (f.0.n.) 

for the nerves of the nasal region and the outer is smaller and 

passes a branch of the profundus nerve into the capsule to be dis- 

tributed to Jacobson!'s organ. 

Anterior to these foramina this plate continues forward to 

roof the nasal sac and glands and its lateral ventral margin is 

abruptly curved toward the median line so that a shelf is formed in 

which the caudal parts of Jacobson's organ lie; while the cephalic 

end of this organ lies in a small circular foramen in the latera 

wall of the cribosa. This foremen is separated from the external 

narial opening by a narrow bar of cartilage which is not present in 

Triton where the two foramina are confluent; but Jacobson'’s organ 

lbears the same relation to the deep bay in Triton as it does to the 

ie anien in Diemictylus. 
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The roof of the anterior part of the capsule is interrupted 

by two oval foramina of which the lateral is the external narial 

Opening which extends from about the middle nearly to the anterior 

end of the capsule. On the dorsal surface, separated from the 

naris by a cartilage bar is a small gap which marks the beginning 

of the process of resorption of cartilage well advanced in a later 

stage. 

The inner wall is pierced by a small foramen for a branch of 

the superficialis nerve which passes to the well defined internasal 

space (in.s.) filled with the intermaxillary glands. Slightly 

anterior to this foramen is the prenasal process (pn.p.), at the 

base of which is the opening for the profundus nerve as in both 

stages of Triton. The cephalic part of the cepsule (c.) is vaulted 

and. covers the anterior extension of the nasal sac beyond the 

narial opening. 

In contrast to all other animals studied Diemictylus has no 

nasal septum. I have deseribed in Triton 2 very narrow septum 

nasi uniting the dorsal margin of the capsules, just anterior 

olfactory eomanioni This structure is absent in Diemictylus so 

that there is no roof for the internasal space or for the fenestra 

ethmoidalis leading to the cavity of the forebrain. These cavities 

are continuous so that the intermaxillary glands extend back 

beneath the forebrain and rest upon the narrow ethmoid plate. in 

contrast to Triton the forebrain of Diemictylus extends anteriorly 

beyong the ethmoid plate as far as the cephalic limit of the ol- 

factory foramen and overlaps the intermaxillary glands. 

The adult shows no further chondrification of structures than 

those present in ithe egrlier larva (fig. 15. ). Ossification 
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has taken place in all parts and further resorption has increased 

the size of gaps present in the egrlier stage. A single orbito- 

nasal foramen (f.0.n.) exists between the antorbiteal process and 

the lamina cribosa through which the nasalis externus and internus 

nerves enter the capsule. The shelf-like process on the ventral 

surface of the capsule has increased in size and has extended caudal 

- 
f ly as a short process supporting the posterior limit of Jacobson's 

organ. The anterior end of the organ extends into the fora 

in the larval stage, while the naso-lacrimal duct pa 

bar separating this foramen from the narial opening, to empty 

the nasal sac. 

Anteriorly, the gap in the roof of the capsule has increased 

so that the entire dorsal aspect of the nasal sac is exposed. It 

is separated from the oval narial opening by an elongate rod which 

forms the only roof of the capsule in this region, Anteriorly 

the vaulted end is pierced by three small foramina for the exit 

of branches of the ophthalmic branch of the fifth nerve. 

The same relations exist in this stage between the internasa 

Space and the cavity of the forebrain. The intermaxillery glands 

reach to the narrow ethmoid plate, but extend cephalad only to the 

anterior margin of the large choanal opening, while in the larva 

reached to the prenasal process. 

Upon resemblances of the nasal capsules, Triton and Diemictylus 

ere very close. The entire seperetion of the nasal capsules ex- 

cept for the narrow planum ethmoidalis has not been noticed in 

other Urodeles. The complete connection between the brain cavity 

and the internasal space has not been described for any other adult 

although there is a transitory connection between these regions in 
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Born ('77) says thet in Triton cristatus certain of the larvae. 

this relationship persists throughout life and this 

Triton and Diemictylus alone in this respect. 

There are Some resemblances between the adult 

Diemictylus. The relation of 

associated with it and the bar of cartilage separat 

opening over which the naso-lacrimal duct pas 

sac, are alike in both animals. Furthei 

bar of certilage uniting the anterior mrgin of the 

posterior limit of the cephalic va ault are alike and 

vance in the resorption of cartilege in Diemictylus 

the conspicuous dorsal gap of Amblystoma. The 

foramen, the choana opening, and the characteristic 

organ of Jacobs are points 

capsules of these animals. on the other hand the 

of a nasal septum, the reduced ethmoid plate, and 

connection of the internasal space 

the determination of close releti 

the organ of Jacobson 

rmore 

eranii 

fact places 

Amblystoma and 

to the foramen 

ing it from the 

ses to the 

the diagonal 

cribosa to the 

a further ad- 

would result 

orbito-nasal 

shelf for the 

strikingly similar in the nasa 

complete absence 

the complet 

preclude 
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Cryptobranchus alleghaniensis, 

Practically no work has been done on the larval stages of 

Cryptobranchus, though the adult head and nasal structures have ~ 

been detailed by Parker ('76), Wiedersheim ('77) and Wilder (192), 

I have been able to study four different stages in the chondrifica- Oo 

tion of the nasal capsule and although certain stages have not 

been seen because of jack of intermediate stages, yet I am able to 

recognize the method of devedtopment and to note some features that 

may proove interesting from a2 phylogenetic point of view. 

The early process of chondrification is similar to that in 

Ambly stoma, and the earlier stage I have ,suggests the 11 mm, larva 

of that animal, with certain additional features. In a larval 

Cryptobranchus two weeks old (fig. 22.), the nasal capmle is 

incomplete. In the optic region the crista trabeculae is very 
= 

Strong and lies between the diencephalon and the eye. The crests 

(cr.t.) terminate abruptly near the anterior margin of the eye fo: ov oO ry, 

while the trabeculae continue. cephalad, turning slighly toward 

the median line, but as yet do not meet to form the ethmoid plate. 

They are oval in section, curved upon the medial surface to approx- 

imate the ventral margin of the brain, while laterally they conform 

40 the medial surface of the nasal sac. Near their cephalic end 

Ull each trabeculae expands laterally, forming e slight process, the 

beginning of the cornu trabeculae, which ends as a blunt process 

in the enveloping tissue. 

In contrast to the 11 mm, Amblystome larva, there are well 

formed crests in Cryptobranchus; while on the other hand the cornua 

trabeculorm which are well developed in the 11 mm. Amblystomea lerva Ee 

ere only just forming in this stage of Cryptobranchus. The external 
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naris of the larval Amblystoma is terminal and opens at the cephalic 

end of the nagal organ which is closely associated with the capsule; 

in Cryptobranchus,the narial opening is ventral and the 

extends behind the narial opening and the anterior end of the 

becula. An antorbital process is not formed, nor is there anyev 

dence of the seperate chondrification of an ethmoidal column as 

the early stage of Amblystoma. 

The next stage is a larva five weeks old (fig. 

fication has advanced in all parts, but the absence 

termediate between this and the last stage prevents a definite con- 

clusion as to the origin of certain structures. The nasal capsule 

is Similer in many respects to that of the 25 mm. Selamandra larva. 

The columna ethmoidalis ascends from the medial margin of the tra- 

becula, anterior to the ethmoid plate, as a broad band of cartilage 

which separates the nasal sac from the internasal space (in.s.). 

More posteriorly it becomes rodlike and lies along the dorsal media 

Margin of the nasal organ, and, at the level of the anterior ma 

of the ethmoid plate, the column fuses with the medial margin of 

the large rhomboidal lamina cribosa which curves over the caudal 

portion of the nasal sac. Behind the lamina cribosa the 

ethmoidal column continues backward to join the crista 

Near its median plane the lamina cribosa is pierced bj 

foramen through which the superficialis braneh of the fifth nerve 

passes to the dorsal side, while its anterior margin extends obli- 

quely forward and outward to about the level of the posterior margin 

of the cornu, resembling the condition ina 34 mm, larvel AmblyStoma 

Anterior to the lamina cribosa each ethmoidal column turns 

medially and, bending ventrally, unites to the medial margin of the 
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eornu trabeculae, just as in the 25 mm. Salamandre larva. 

eolumns do not fuse to form an ethmoidal bridge like that which 

Terry ('06) described in Amblystoma, but they unite to the cornua 

and then subsequently become connected with each other by a small 

septum nasi yet to be mescribed. Although my material does not 

Show the method of origin of the @hmoidal columns, for reasons 

GO. be iiven later, Lamiinclined to believe that these colums 

arise as dorsal outgrowths from the mediel margins of the cornua ~ 

and then grow posteriorly over the nasal sac, uniting to the cristae 

trabeculorum which are formed earlier in the process of chondrifica- 

tion. A small notch at the anterior end of the eapsule,the median 

nasal incisure (m.n.i.), marks the junction of column to cornu and 

allows for the passage of the profundus of fifth nerve tor the 

internasal space. 
as 

From its janetion with the crista, each trabecula inclines 

= 

towerd the median line for a short distance and then passes straight 

forward until, on a level with the anterior margin of the laminae 

eribosa, the two fuse to form an ethmoid plete (p.e.). This 

planum ethmoidalis differs from that of any of the Urodeles thus 

deseribed; first, in its size, and second in the absence of 

characteristic concave dorsal surface. ‘The pl 

the trabecular ridges are not pronounced; and, in contra 

to the other cepsules, the dorsal surface, although level at 

posterior margin, becomes rapidly convex and bears upon its anterior 

half a distinet swelling which I have called the beginning of the 

septum nasi. The ventral surface is decidedly concave, so that 

the ethmoid plate is a convex-concave cartilage whose posterior 

and anterior margins are parallel with each other, while the latera 
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Margins are confluent with the trabecular extensions. 

ior margin possesses a short caudal process similar to 

£5 Ime Salamandra larva. | 

& large oval fenestra, bounded posteriorly by the crista trab- 

ectula, dorsally by the ethmoidalis and ventrally by the trabeculae, 

allows the passage of the olfactory nerve to the nasal organ. The 

fore-brain extends slightly beyond the septum, so that two 

of the olfactory sac is lateral to the brain. The nerial opening 

is terminal, but is still ventral and considerably anterior to the 

capsular structures. In contrast to the broad curved plate of bot 

Amblystoma and Salamandra, the cornu trabeculae of Cryptobranchus 

is reduced to a narrow curved bar which extends from the cephalic 

lateral margin of the trabecular ridge almost to the anterior limit 

of the cribosa to which it fuses in a later stage. 

From the ventral margin of the crista trabeculae, just poster- 

ior to the large olfactory foramen, a slénder process passes later- 

ally a distance equal to the width of the trabecula and then bends 

abruptly and extends backward to the quadrate. The morphological 

relations of this bar, which must be recognized 

will be discussed in a later stage, which I have figured. 

A larva two months old shows but a very slight advance i 

chondrification of the nasal capsule. The ethmoid plete has in- 

ereased in size and has lost the hinder process of the earlier stage 

while the septum nasi, arising as a dorsal growth from the anterior 

part of the ethmoid plate, has enlarged and has become continuous 

upon its lateral anterior angles with the ventral margins of the 

cephalic extensions of the ethmoidal columns. 

As yet there is no median nasal process, so the entire dorsal 
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surface of the cephalic portion of the nasal sac is exposed. The 

anterior angular process of the lamina cribosa and the lateral mar- 

gin of the cornu more closely approximate each other, but as yet 

there is no cartilage ring around the olfactory organ. The cornu 

.trabeculae and the antorbital process compose the whole floor of 

the capsule, The antorbital processes now extend forward from 

the anterior end of the pterygoid process. 

The last stage of Cryptobranchus studied, was a larva thre 

months old,(fig.24.) ; chondrification has advanced in all part 

and a better defined nasal capsule is now present. The lamina 

S vaulted and forms a roof over the caudal parts of the 

olfactory organ which extends behind the choana, which is long and 

narrow and reaches forward to the level of the ethmoid plate. The 

damina cribosa of the earlier stage has grown forward and it now 

eovers the posterior two thirds of the olfactory organ, and termin- 

ates abruptly at about one fourth of the length of the capsule from 

the anterior end. 

The septum nasi (s.n.) now completely unites the capsules of 

both sides: it.is’a narrow bar contimmous ventrally with the eth- 

moid plate upon which the olfactory labes rest. This septum 

which arises as a small process from the median line of the dorsal 

surface of the ethmoid plate, is now level with the dorsal margins 

of the ethmoidal columns and presents an anterior surfece perpen- 

dicular to the main axis. The posterior margin of the ethmoid 

plate is straight and parallel to the anterior; the ventral surface 

is. flat, while) the dorsal grades into the septum, so that in 

Sagittal section the.fused ethmoid and septum appear triangular . 

Anterior to the junction of the laminar plate to the ethmoida 
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eolumn, each column has developed a strong median nasal process 

(mon.p.); resembling this structures in a 45 mm. Amblystoma larva, 

and each is separated from the lamina cribosa by an elongate fenes-~ 

tra narina(fen. n.) which is confluent with the external narial op- 

eninge This process forms the roof for the medial paris 

nasal sac and the nasal glands, as in other Urodeles. It 

pierced by a small foramen for a branch of the ophthalmic superfic- 

Nerve. Anteriorly, the extensions of the ethmoidal columns 

have fused to the cephalic limits of the cornua, thus forming a 

complete dome or vault over the anterior parts of the sensory 

structures. The olfactory duct continues forward from the lateral 

margin of this dome and opens through the external naris anterior 

tO all capsular structures. The medial wall of the cupola is 

pierced by two foramina for the rami profundus and superficial 

of the fifth nerve. Intermaxillary glands do not occur in this 

animal, 

The cornu trabeculae of each side curves backwa 

distally to the anterior limits of the lamina cribosa, so that now 

a complete ring of cartila is developed around the nasal organ. 

Although as yet very small, the organ of cobson rests upon the 

caudal extension of the cornu beyond its junction with the lamina 

eribosae I have not observed the naso-lacrimal duct and its rela- 

tion to this bar in Cryptobrancis. The cephalic extension of 

the antorbital process has increased, but no connection between i+¢ 

and the lamina cribosa has yet been established, althou 

inclined to believe that a later stage would show one, 

blystoma and Salamandra,. 

This bar of cartilace, mentioned in connection with the five 
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weeks stage, which extends back from the antorbital process to the 

quadrate, is undoubtedly the pterygoid which does not exist, 

far as I know, in such complete form, in any Urodele with 

exception of the Siberian genus Ranodon (Wied m ATG; 

although the junction of the bar with the anterior region 

eranium,is the normal condition in the Anura. This condition 

throws some light upon the nature of the antorbital process in 

Urodeles. Some years ago Gaupp questioned a statement by Kingsley 

('92,, p. 672), who said:"the lower process may retain the name, 

antorbital, usually applied to it., for Amphiuma presents no evidence 

that it is the palatine cartilage as Gaupp interprets it." 

(193, foot-note p.430) says: " Hierzu mochte ich bemerken, 

ich die beiden Namen "Antorbital-forsatz" und"Cartilago palatina” 

durchaus fur dasselbe Gebilde gebraucht habe(17, p. 115: "die Cart- 

ilago palatina” oder wie die englischen Autoren HUXLEY und PARKER 

den Knorpel nennen, den "Processus antorbitalis"). Als “Processus 

palatinus" wird der Knorpel aber z. Be. von FRIEDREICH und G#GEN- 

BAUR bezeichnet auch HERTWIG nennt ihn auf den Figuren "Cartilago 

palatina”, und Wiedersheim spricht von einem Antorbitalfortsatz 

oder "Gaumenfortsatz” der deutschen Autoren. Da ich beide Bezeich-~ 

mungen in der Literatur vorfand, so erwahnte ich sie auch beide, 

habe aber nicht etwa einen bekannten Gebilde eine neve Deutung 

geben wollen, KINGSLEY scheint unter "Palatine cartilage" hier 

etwas Besonderes zu verstehen; was ist, kann ich aus seinen 

Angaben nicht ersehen",. Winslow ('99) discussed the question 

and concluded that until it was shown that the process in Urodeles 

° 5! }erising from the trabeculae in front of the orbit was actually @ 

art of-the pterygoquadrate, the name antorbital should be continued 
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in use. With the evidence now presented by Cryptobranchus it would 

Seem as if the basal part of the process in all Urodeles is really 

an anterior portion of the pterygoquadrate. But the anterior pro- 

longation of the process is something additio 

regarded in any way as pterygoidal in character. but may retain the 

name antorbital process. Then in all other genera where the 

posterior connection is the whole outgrowth is best known 

as the antorbital. Of course its retention in both Cryptobrancims 

and Ranodon larvae is an ancestral feature lost elsewhere i 

Urodeles. In the adult of both the American and Japanese 

of Cryptobranchus the connection of the pterygoid with the 

the cranial wall is lost, and in both the direction of the 

part of the cartilage would not suggest that in the larva 

was any such connection with the trabecula or any relation with 

@ palatine bone. 

Of the Urodeles thus far described, Cryptobranchus stands a- 

lone in the origin of the septum nasi In both Amblystoma and 

salamandra, this fusion of the medial 

processes from the cephalic ends of the columnae ethmoidalis. On 

the other hand in Cryptobranchus it arises as a dorsal growth from 

the middle line of the planum ethmoidalis and subsequently becomes 

united to the ethmoidal column. The later chondrification of 

capsule presents structures which are probably homologous to those 

in Amblystoma, such as the median nasal process, the anterior 

cupola and the lamina cribosa; but on the other hand, the large 

ethmoid plate and the nasal septum in the 45 mm. Amblystoma larva 

do not exist at any time in Cryptobrancims, both of these structuresf§ 

being greatly reduced. 
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spelerpes bilineatus. 

In a larva of Spelerpes 15 mm. long (fig. 18,) no nasal capsule 

is developed, The trabeculae (t.) extend fortiard to the limit 

of the forebrain, but do not meet to form an ethmoid plate. In the 

in section and lie along the ventral lateral margin of the forebrain, 

while anterior to the choana they become oval in section and nearer 

their cephalic limit each bar expands into a small curved cornu 

trabecula (c.t.) which extends toward the nasal sac but 

reach. it. At no time is. either trabecula close to the n 

but each lies nearer the brain throughout its entire length. 

The early stages of all the Urodelan capsules are str 

Similar and, although later development produces capsules widely 

divergent, yet the earlier stages of Cryptobranchus, Spelerpes, 
oO 

4 Desmogenathus and Amblystoma are essentially similar with their 

simple trabeculee and cornual extensions. 

In a larva 37 mm, long(fig. 19.) several parts of the nasal 

capsule are formed, and fundamental structures can be readily homol- 

ogized with those of other Urodeles, In the region of the eye 

ehondrification of the trabeculae has progressed dorsally so that 

well developed crests ere formed which extend forward to the level 

of the antorbital processes (a.sp.), where they termina 

though their dorsal margins continue cephalad a short 

+o end in small processes, The trabeculae approximately circular 

in section, lie along the medial margin of the nasal sac at the 

choanée Brom this point they turn toward the median line and fuse 

40 form a small ethmoid plate (p.ee.)e ! point of fusion the 

trabecuiae have expanded dorsally, the ethmoid plate on either 
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being as thick es the trabecula, so that it is high and long ana 

resembles that of Cryptobranchus. Dorsal processes from the medial 

margins of the trabeculae, just anterior to the planum ethmoidalis, 

are beginning to develop at this stage (fig. 60.3), so that the 

lateral trabecular margin is concave, thus forming a groove in 

h 

nerves The cephalic extensions of the trabeculae expand into 

broad flat triangular cornua whose caudal lateral angles are in a 

Line with the anterior margin of the ethmoid plate. Anteriorly 

they extend to the level of the external narial opening and are 

separated from each other by a deep intra-trabecular notch (i.t.n.), 

as wide as the length of the ethmoid plate. 

The antorbital processes have developed from the ventro-lateral 

of the trabeculae at the level of the anterior margin of the 

erista, and extend laterally a distance equal to the trabecular 

width, when they bend anteriorly a short distance to end near the 

Ghoanal opening. 

The last stage of Spelerpes studied, was a larva 46 

(fig. 20.) Some additional structures are present, but this 

is not sufficiently developed to homologize the’ complete nasal 

capsule. with those of the other Urodeles. In the region of the 

eye the eristae. trabeculorm (er.t.) are low, but slightly anter- 

ior to the antorbital process the crest has extended considerably. 

upwards, its anterior end being free from the lower trabecula. 

Mhis anterior end of the crest is possibly the posterior beginning 

Of the ethmoidal column. The trabeculae, in front of the anterior 

end of the cristae, turn obliquely inwards and then run parallel to 

each other a short distance to uhite into a narrow ethmoid plate. 
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The ethmoid plate itself is decidedly smaller (throtgh resorp- 

tion) than in the earlier stage, both in thickness end in length. 

Anterior to the planum ethmoidalis the trabeculae continue forward, 

Seperated from each other by a narrow intra-trabeculae notch, and 

then each,at a point the width of this notch anterior to the ethmoid 

plate, sives rise to a small process from its dorsel medial margin 

which is directed caudally above the trabeculae (fig. 61.). From 

its origin and relation to the trabecula I believe 

anterior portion of the ethmoidal column, 

observed in the 37 mm, stage where the dorsal development of each 

trabecula indicated the early stage of this rudimentary column. 

Anterior to this eolumnar process the trabecula expandes into 

Similar to that in the 37 mm. stage. 

I regret that I have no older stages showing the further 

adrification of parts already laid down hence I am not able to 

@ careful comparison with the other eapsules,but in general 

erpes seems to indicate a retarded growth of all parts. In corres- 

ponding ages of Amblystoma,and Cryptobranchus & more complete nasal 

‘eapsule is developed than in Spelerpes. Im the 15 mm. larva and 

even in a 21 mm. larva the trabeculae alone are chondrified while 

in the above mentioned genera many additional structures are 

already formed. In all forms studied the trabecular 

ecornua trabeculorum are first laid down, but the late 

tion presents difficulties of homologies. In no other Urodele 

have I observed the cephalic extension of the crista trabecula,al- 

though Amphiume has a structure which I believe to be the homologue 

of this process, and, ging I r felation to the nasal 

posterior organ and trabecula, I believe it to be the 
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of the colummethmoidalis. In the 19 mm. Amblystome larva the 

columna ethmoidalis arises independently, and grows subsequently 

back: to the erista trabecula; but the dorsal process from the trabe-~ 

cula anterior to the planum ethmoidalis in Spelerpes is very evi- 

dently the beginning of the column in animal. I am not 

to Say whether an older stage would show the connection o: 

anterior process to the : t the five weeks Crypto- 

branchus larva shows such a relationship established. The 25 mm. 

Salamandra larva shows a connection between the ethmoidal column 

and the cornu but no connection between that column and 

The absence of earlier stages of both Cryptobranchus and 

preclude the determination of the origin of these columns so thet 

definite relationships cannot be established. The small ethmoidal 

similar to that of Cryptobranchus, but the broad triangular 

is an Amblystomal character. The ethmoidal plate is narrower . 

than in the other types, the result of the abrupt turning toward 

the mediam line of the trabeculae anterior to the crests 

close approximation of the trabeculae is possible because 

Lor end of the eee eee reaches only to the cristae. Thus the 

ethmoid plate and the trabeculae in front of the cristae are entire- 

ly anterior to the forebrain which does not hold for any of the 

higher Urodeles. The complete absence of intermaxillary glands 

as well as the small ethmoid plate and undifferentiated nasal 

structures are points of similarity to Cryptobranchus, to whieh I 

believe Spelerpes is closely related. 
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4.2 

Plethodon erythronotus. 

Winslow ('98) has described the nasal capsules of a 20 mm. larva 

of Plethodon glutinosus, and he compares it to a 45 mm. Amblystoma 

larva with which he homologizes the various parts. I have not been 

fable to study any larval form of the genus, but have examined and 

modelled the capsule of the adult and find many resemblances the 

Icapeule of the adult Amblystoma. In the adult, ossificati is ex-= 

tensive and in certain parts all traces of a chondrocranium have 

disappeared. In the region of the eye the trabecular cresis ha 

been lost and the resorption process has continued up to the olfactory 

foramina so that these openings are confluent with the orbito-nasal 

foramina. The sensory structures are exposed both dorsally and ven- 

trally by large gaps in the capsule similar to those in the adult 

Amblystoma.e 

Choanal elands and parts of the olfactory 

Ghoana extend back into the orbito-nasal foramen through which the 

Protundus,and superficialis of the fifth nerve enter the capsule, 

The olfactory nerve leaves the anterior end of the forebrain and, 

entering the capsule, divides into two branches which pass 

dorsal and ventral parts of the nasal organ respectively. from 

this region forward, a lamina cribosa (fig. 68 ,1.c.) covers only the 

lateral aspect of the nasal sac and the choana. This plate is 

curved and extending laterally it covers the organ of Jacobson 

which opens into the mouth cavity together with the main olfactory 

duct. (fies. GR) )\. 

through the small foramen in the cribosa and lies along the dorsal 

surface of the organ of Jacobson. Anterior to this foramen the 

eribosa is flat, restricted in width and forms a roof for Jacobson's 
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4.3 

organ only, and is continuous upon its anterior medial angle to the 

cephalic vault by a dorsal process (d.p.), similar in every respect 

to the structures in Amblystoma. The cephalic margin of the cribosa 

is pierced by a small foramen through which the profundus nerve 

ypasses from the capsule to the anterior region of the snout. From 

its cephalo-lateral angle the cribosa continues into the lateral 

mergin of the cornu trabeculae which has expanded to form the floor 

for the entire anterior parts of the capsule. The anterior limit 

of the lamine cribosa is marked by a small process 1 

from the dorsal process by a deep groove along which the naso-lacri- 

Jmal duct passes to empty into the nasal organ, 

The vaulted tip of the capsule (c.) is formed by the expanded 

cornu trabeculae and trabecular extensions. Its posterior lateral 

angle continues as an elongste process which forms a floor for the 

orgen of Jacobson, which comes to lie closely applied between the 

laminar plate and the cornu. This relationship is true for Amblysto- 

ma as Pera hea gh here the organ is completely surrounded 

cartilage. 

The ethmoid plate (p.e.) and septum nasi are 

the capsules only in the region of the choana. y are similar 

in all respects to those structures in Amblystoma as a are the 

trabeculae in front of the septum, which are narrow and bandlike 

forming the medial wall of the capsule (fig. 28 ). This wall is 

pierced by two foramina, through the dorsal of which the main branch 

ef the profundus passes to the internasal space (in.s.), while 

blood vessel passes through the ! 2 The internasal 

deep and narrow and well filled 

xtend back beneath the ethmoid 
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puhis we note a Similarity to Salamandra and Amblystoma, as well 

a difference Pon Cryptobre ohne and Spelerpes. 

In all essentials Bie od on posses any of the structure 

Amblystoma. The absence of earlier stages has not enabled me t+ 

toilow the development of the nasal cepsule;, but, comparing the 

Single larval stage described by Winslow with my larval s 

Amblystoma, coupled with the many resemblances between the adult 

Capsules, I am inclined to place Plethodon very near to Ambly 

The position and size of the nasal tum and ethmoid plate, 

lamina eribosa and its relat: the organ of Jacobson, the large 

dorsal and ventral gaps, together with the deep internasal space 

indicate a very close relationship between these 
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4.5 

Amphiuma means. 

The basis of my study upon the nasal cansule of Amphiuma means 

was the larva deseribed by Kingsley,('92) and figured by Winslow 

("98, fig.18). Chondrification of the nasal capsule is not yet 

Géomplete, although many structures are present which resemble the 

darval capsules of other Urodeles. 

The trabecular crests are already well developed and, anterior 

to the eye, each crest continues cephalad as a small process which 

rests against the dorsal medial margin of the nasal sac. This pro- 

cess then bends laterally and, curving over the dorsal surface of 

the olfactory organ, inclines in an antero-ventral direction, ending 

at the level of the caudal margin of the ethmoid plate, This bar 

is the early stage of both ethmoidal column and lamina cribosa, 

which, in contrast to Amblystoma, arises in Amphiuma from the ce- 

phalic extension of the crests. Development of these structures 

then takes place from behind forwards in contrast to the reverse 

direction’ in the other groups, The significance of this method 

of development and its relation and bearing on interrelationships 

will be discussed later. Hay speaks of this bar as the rudiment- 

ary nasal capsule. 

Anterior’to its junction with the lamina er 

trabeculae incline toward the median line and unite to form a rect- 

angular ethmoid plate, which is concavé: dorsally and supports the 

olfactory lobes which extend almost to the cephalic end of the 

capsule. The posterior margin of the plate is concave, while in 

> 

front the plate passes into the cornua which have a deep and nar- 

row intertrabecular notch between them. The cornu trabecula (c.et.) 

iS broadly triangular, its lateral angle being acute. The anter- 

a0r part of the nasal sac rests upon the cornu, but the external 
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narial opening and cephalic end of the nasal sec are anterior to all 

cartilage structures. There is no olfactory foramen and the olfact- 

ory nerve passes over the trabecula anterior to the crista where na- 

sal organ and olfactory lobe are closely proximate. <A small ante 

jorbital process (a.p.) extends anteriorly from the ventral ma 

of the trabecula, opposite the origin of the lamina cribosa; 

eaudal part of the nasal sac lies between it and the trabecula, 

In an older Amphiuma larva, a complete nasal capsule(fig.30.) 

has been formed, which is similar in some respects to that of Am- 

blystoma. It is somewhat ovoid in outline, its greatest width be- 

ing about a fifth its length. From the anterior end of the crista, 

each trabecula inclines medially, and, passing along the lower mar- 

gin of the forebrain, the two unite at about the level of the mid- 

dle of the capsule, to form the ethmoid plate. This plate is rough- 

ly hexagonal; the posterior margin straight, while each lateral 

caudal margin is curved and 

point, corresponding to the lateral angle of the cornu of the ear- 

lier stage, where it fuses with another cartilage yet to be describ- 

ede Bach lateral cephalic margin is also curved and pas 

& process directed forward, the anterior end of the cornu; 

cornua being separated by an intertrabecular notch, wider 

the earlier stage. Thus the ethmoid plate is united upon its 

erior margin to the trabeculae, on each lateral aspect to a 

lage bar yet to be described, and on its anterior margin, 

continuotis into a pair of small expanded processes, the cornua trab- 

eculorum. The dorsal surface of the planum ethmoidalis is concave, 

either side of the middle line, the middle of 

‘ing in the concavity. 
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From the median dorsal aspect of the planum ethmoidal 

posterior to the deep intra-trabecular notch, the short nasal sep-~ 

tum (sen.) extends dorsally, and then divides into two broad bars 

which are directed from the line of the septum at about an angle 

of 30 degrees, to form a partial roof over the medial surface of 

the nasal sace These processes extend anteriorly and terminate 

bluntly in a line continuous with the anterior end of the corma, 

while behind they unite with the ethmoidal columns. 

The ethmoidal column now extends as a slender bar from the 

erista to the septum, bending strongly toward the middle line in 

1dgsteourse. ' The anterior part of tl is apparently the 

tectal cartilage of authors. At about its middle point it gives 

off laterally a reduced lamina cribosa which bends ventrally 

laterally from the columna ethmoidalis; this part is broader 

the columna and forms the only lateral covering for the olfactory 

sac in. this region, It then continues forward as a more slender 

r, which lies closely associated with a longitudinal groove in 

the outer wall of the nasal sac. About the level of the nasal 

Septum it unites ventrally to a bar of cartilage mentioned above, 

whieh arises from the lateral margin of the planum ethmoidalis, 

tis forming a broad plate which covers the lateral surface of 

the olfactory sac in this region. ,The cartilage resulting from 

the fusion of the lamina cribosa and the bar from the ethmoid ex- 

tends anteriorly and, at its distal end, expands into 

Cartilage which entirely surrounds the olfactory duct where it 

es to the naris. External nasal glands which lie beside the nasal 

sac open into it by a duct which passes lateral to the anterior 

end of the eribosa and the posterior side of the circumnerial ring. 
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The antorbital process (a.p.), in contrast to all other Urodel- 

es studied, is not directed at right angles or caudally, but from 

its junction with the trabecule it extends outward and forward at 

about an angle of 30 degrees to the main axis the body. 

The nasal capsule of Amphiuma resembles in many ways those of 

whe other Urodeles above described. The large vacuity in the dor- 

Sal and lateral walls of the capsule and the consequent lack of 

Skeletal protection of the nasal epithelium is in contrast to both 

Ambiystoma and Salamandra and may be the result of a reduction of 

parts. The septum nasi is reduced, but is comparable in its origin 

to that of Cryptobranchus. The six-sided ethmoid plate is a fused 

ethmoid and cornua, and the junction of the anterior end of the e- 

Longate lamina cribosa with the lateral process of the ethmoid is 

readily compared to the bar of cartilage uniting the cephalic end 

of the lamina and the caudal end of the corm in Amblystoma. Further,| 

this bar holds the same relation to a ventro-lateral diverticulum 

sac, which occurs between that structure and the organ 

of Jacobson in both Amblystoma and Salamandra. 

There is a small median nasal process in the lateral growth 

of each columna ethmoidalis dorsal to its fusion to its 

form the dorsal part of the septum nasi. The anterior ring of 

cartilage cannot be homologized with any similar structure of the 

higher Urodeles, but the terminal position of the external naris 

in Amphiuma, in contrast to its la Sition in the adult Am- + 

blystoma, would occasion this modifi 

In a larva 82 mm. long appear many of the features that 

Wilder ('92) has described in the adult. The nasal capsule ha 

doubled-in size and there is more chondrification in the anterior 
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parts. The crista trabeculae, antorbital process, ethmoidal col- 

umn and lamina cribosa are Similar in all respects, except size, to 

the earlier stage. The extension of the columna ethmoidalis beyond 

the nasal septum has grown forward and is now united in front to the 

e¢ireumnarial cartilage ring and to the anterior dorsal margin of 

the lamina cribosa. Thas a broad band of cartilage is formed by 

the fusion of ethmoidal column,lamina cribosa and the circumnarial 

cartilage which completely encloses the anterior third of the olfact- 

ory sac, except on the ventral side, Together with the median nas- 

al process and the ethmoidal column, it forms the roof of the cap- 

sule.A large foramen in this plate conducts the ramus superficialis 

from the capsule to the dorsal region of the snout, while a small 

foramen in the lamina cribosa near its fusion with the lateral pro- 

cess of the ethmoid plate allows the ramus glandularis nerve to 

pass through the capsule to be distributed to the external nasal 

HaAntss 

in’ the chondrification of the anterior parts 

a large fontanelle has formed between the ethmoidal column and the 

lamina cribosa, which resembles in many ways the large 

dorsal surface of the capsule of the adult Amblystome, inclosed by 

Similar structures. No_olfactory foramina has been formed, nor does 

Wilder show one; but the olfactory nerve passes underneath the eth-= 

moidal column just posterior to the septum nasi. The antorbital 

process extends anteriorly and is closely associated with the nasal 

orgen, but it has not united to any capsular structure, nor do [I 

know of its association with the lamina cribosa in the later stages 

which is so characteristic for all other Urodeles. 
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Necturus maculatus. 

In the larval stages of Necturus, the process of chondrifica- 

tion is greatly retarded, so that there is no evidence of a nasal 

capsule, beyond the mere extension of the trabeculae into the head 

aregion, up to the 25 mm. stage. This is in marked contrast to the 

condition in both Salamandra and Amblystoma, in which a more or less 

well-defined nasal capsule is already laid down at that size. On the 

Other hand it resembles Spelerpes in which the differentiated cap- 

Sule appears very late. 

In a 24 mm. larva, the trabecular crests are not developed and 

the cylindrical trabeculae incline toward each other, but the eth- 

moid plate is not yet formed, There is no evidence of a corm a 

the anterior end of these bars, nor has the antorbital process 

ed, but the presence of procartilage cells near the trabeculae 

cate its later development. The forebrain lies lateral to 

Sal sac throughout its entire length and reaches beyond the 

end of the trabeculae. 

In a Slightly older stage (fig. 25), the cephalic ends 

trabeculae are closer to each other and have 

ly, sO that a cross section of the trabecula in this region is reni- 

to the same bar in Spelerpes. Miss Platt. (197) 

independent chondrification of the ethmoid plate 

its subsequent connection with the trabeculae. I have no stage 

Showing this condition, but I have observed a few small cartilag 

- 

wells lying in the tissue between the trabeculae, near their 

terior ends. This may be the beginning of the ethmoid plate 

described by Miss,Platt. The forebrain still extends anterior 

o 

to all cartilages, and nearly reaches the anterior end of the olfact- 
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ory organ. 

In @ 30 mm, larva (fig. 26), chondrification has 

some structures of the characteristic Necturan capsule are now 

downe The ethmoid plate( p.é.) now unites the trabeculae; it 

sroughly trapezoidal in outline, its posterior margin being one 

one-half times the length of the anterior. Its lateral margins are 

thicker, the result of the trabecular swellings, and 

ings together with a strong median ridge give the ethmoid a double 

concavitye The nasal septum (s.en.), although slightly evident 

at the posterior margin, is more prominent in front and th 

the anterior half of the plate a decidedly convex surface, 

ior to the planum ethmoidalis, the trabeculae extend forward 

ecornus ,a distance equal to one=half the length of the plate, when 

each Poontnetes abruptly without the lateral expansion, which is 

so characteristic of the trabeculae of even the younger Amblystoma 

larvae. 

The beginning of the well-known fenes nasal capsule cov-= 

ering the nasal organs, mentioned and figured in the adult by 

Wiedersheim ("7%6), is formed in this stage. Directly over the 

Sal sac and some distance from the trabecula, is @ narrow bar of 

cartilage, the columna ethmoidalis (c.e.), which is not united to 

the other parts of the capsule. This bar chondrifies independently 

just as in Amblystoma, but in contrast, there is, as yet, no caudal 

capsular structures, pearting at a level slightly 

ethmoid plate, it runs forward and medially passing 

sal medial border of the nasal sac. It terminates 

Mtuaee in trons Of the cornua. 

of the columna ethmoidalis of the other Urodeles, although I 
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not seen its origin. in 31 and 32 mm. larvae, its increased caudal 

extension leads me to conclude that it develops from in front back- 

ward, just es the ethmoidal column develops in Spelerpes and other 

Urodeles. 

In the same stages I have observed chondrification and cart- 

ilage cells along the lateral margin of the nasal sac, some of 

which lie between the folds of the nasal epithelium. These several 

greas do not seem to arise as a continuum, but chondrify independ- 

ently and subsequently become connected to form the roof of the fen- 

estrated capsule. 

The last stage of Necturus studied, was a larva 45 mm. long 

(fig. 27.), in which the fenestrated nasal capsule (fen. pr.) has 

ehondrified to an extent comparable to that of the adult. The trab- 

See (t.),ethmoid plate(p.e.), septum nasi(s.n.), and the trabec- 

ular extensions are similar to those of the preceding stage, differ- | 

ing from them only in size. The septum nasi, however, has suffer- 

ed a reduction and hence the anterior margin of the ethmoid plate 

does not have the convex outline of the 30 mm. larva. The entire 

dorsal surface of the simple nasal sac and part of its lateral as- 

pect is covered by 2 curved and fenestrated cartilage plate, the 

further development of the bar and cartilage cells of the 30 and 

$5 mm. larvae. Small lateral processes have developed from the dor- 

Sal bar, and these have united, leavin; seri of small openings 

‘Over the entire dorsal surface of the nasal sac. In front the la- 

Geral parts of the capsular roof are smaller or lacking, so that 

Ghe roof over the tip of the nasal sac the extension 

of the ethmoidal célumm alone- This rather comr 

of the fenestrated capsule over the posterior par 



ne ard 
ae o ) 

Dveiat. > 
aa 

ior De 

¢ 



53d 

Sac and the reduction at the anterior end, indicates a development 

here from behind forwards. This is in accord with the direction of 

growth in the chondrification of the lamina cribosa and the median 

nasal process of the higher Urodeles, and, although these parts are 

Wwholly separated from the trabeculae, yet the fenestrated capsule 

of Necturus is the probable homologue of the lamina cribosa and the 

#ethmoidal column of the typical Urodelan capsule. 

The antorbital processes (a.p.) are well-developed but have 

not united to the lattice-work capsule, nor is this relationship 

ever established; although the approximation of the dateral reot 

of the capsule and the antorbital process is close. 

The early stages of the nasal capsule of Necturus resemble in 

many ways those for other Urodelan larvae, to this certain extent: 

the trabeculae with their antorbital processes, the ethmoid plate 

and the columnae ethmoidalis all recall these structures in the o- 

ther Urodeles; but there are considerable differences in the method 

ef origin of these parts. The independent chondrification of the 

}ethmoid plate and the absence of lateral expansions of the tips of 

the trabeculae are features not found in the other groups; on the 

other hand the direction of the chondrification of the ethmoidal 

eolumn and the fenestrated capsule, resembles this process in Am- 

blystoma. 

The fenestration of the nasal capsule and the absence in the 

tater stages of a septum nasi, get vi > very unspecializ- 

ed nasal organs suggest either ancestral conditions or a degenera- 

tion of parts. To regerd Necturus, with its fenestrated nasal cap- 

Sule which has no counterpart throughout the entire Urodelan order, 





54 

as primitive, would be unjustified; but, its very belated process 

of chondrification, the absence of cristae and cornua, together 

With the entire separation of the roof of the nasal capsule from 

the ethmoid plate and the trabeculae, may be explained in either 

l of two ways: Necturus has either descended from some more special- 

ized Urodele,like Spelerpes, or may represent a neotenic condition. 
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Epicrium glutinosus. 

Considerable diversity of opinion has existed in the past in 

regard to the phylogenetic position of the Gymnophiona, or blind 

footless Amphibia of the tropics. Cope('89) classed them as a 

family of the Urodeles, the Caecilidae, related to the higher Uro- 

deles through Amphiuma, The cousins Sarasin ( '90), following 

Cope, also regarded them as Urodeles and believed them to be a neo-~ 

tenic condition of Amphiuma. Kingsley ('02) reviewed the evidence 

as. to the position of the group, showing thet many of the points 

supposed to indicate relationships, were based upon erroneous 

statements or misconeeptions and that the Ca a distinet 

esroup without any close relations to any other existing Amphibians. 

Mo determine to what extent if any, the nasal capsules of this 

order would shed light on their relationships to the Urodeles,two 

6] 

larvae of Epicrium glutinosus,were studied, in which chondrification J 

is well advanced and the nasal structure formed. 

” 

Peter ('98) has described the chondrification of the skull of 

a Caecilian embryo, and Winslow ('98) has.described a stage in which £ 
= 

> 

the embryo is still spirally coiled within the egg, and which is 

considerably younger than my earliest material. In contrast to 

11 other Amphibia’. studied, the trabecular of each side are double, 

each consisting of a dorsal and a ventral bar in the position 

of trabecular crest and trabecula of other forms, the dorsal doubt- 

less being the homologue of the alisphenoid cartilage of Sewertzow. 

In the region of the eye these bars are united by postorbital and 

preorbital band, between which is the foramen for the optic nerves 

The preorbital band is a broad plate forming a lateral wall for the 

4 

anterior part of the brain case; just behind the choaa it divides, 
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‘the ventral bar, the true trabecula, turning abruptly toward the 

median line to unite with the trabecula of the opposite side to 

form the ethmoid plate (p.e.), while the upper portion extends for- 

werd for a short distance as a lateral wall to the nasal sac, Just 

anterior to the preorbital band , this wall has a slight groove 

on its lateral surface for the superficialis and the profundus 

rami of the fifth nerve; and through the large foramen at the end 

of this groove the superficialis enters the capsule, while the pro- 

finds turns dorsally and passes along the upper surface of the 

asal organ. 

Continuing forward from this region, the, lateral wall widens 

and extends dorsally over the dorsal surface of the nasal 

where its dorsal angle terminating in a short process, is Separated 

from-the more anterior parts of the lateral wall by a notch for 

the superficialis of the fifth nerve. Tateral to this notch and 

piercing the late wall is a foramen through which another branch 

of the superficialis passes to the epithelium lateral to 

Ventral to this superficialis foramen, the lateral wall pass 

ventrally and medially into a bar, the solun nasale (so.na.) 

Peter ('98) which joins the ethmoid plate. 

The upper surface of the ethmoid plate, formed by the fus 

of the trabeculae is slightly convex, there being no trabecula: 

ridges along the margin. Its posterior and lateral margins are 

straight, the lateral margin receiving the solum nasi, in front of 

ee vree toward the median line and then outwards as the 

margin of the alinasal process, the proce 

being Separated by a broad rectangular groove. 

processes may bethe reduced cornua. The septum nasi arises 
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median line of the anterior half of the dorsal. surface of the ethmoid 

plate, it is a thin plate which, extending dorsally, separates 

Ghe olfactory organs from each other. 1se is rather wide but 

more-~dorsally it narrows to a thin plate. Anteriorly it continues 

at first 

Somewhat deep,farther in front as a short and slender rod, the 

rostrum (r.). -At the junction of septum and rostrum.are the pro- 

cartilage cells which are to give rise to lateral outgrowths, the 

glary processes of Peter. 

Winslow ('98) has described in his early stage a smell antorbital] 

process which extends from the trabecula outward and forward towards 

moe lamina cribosa. I do not find.an antorbital process as such in 

my material. There is however, 2 small and short bar of cartilage 

dateral to the trabecula and just posterior to the preorbital band. 

iG is not in conhection with the trabecular.rods >; any time, but 

is probably the rudiment of the anterior part of the pterygoid pro- 

7 

cess which reaches as far forward as the postorbital band in this 

Stage. I «em not able to say whether these parts were in continuity 

at an earlier stage, but the complete absence of either pterygoid 

or th cartilage in the older larva leads me to conclude that they 

Mow are in the process of resorption and that they may have been 

Connected at an earlier stage. 

In a 90 mm. larva (fig. 33. ), the nasal capsule is completely 

formed and additional features are present. The greatest modifica- 

tion has occured in the anterior part of the capsule, while the post- 

one, third its length; and 
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To all other capsules, with the exception of Amphiuma, it is decided- 

dy incomplete, exposing the nasal organs dorsally and ventrally. 

“Anterior to the preorbital band the lateral wall is very oblique 

the ventral margin being much farther from the median line than is thé 

dorsal. The ramus profundus enters the capsule, while the superfici 

alis passes to its interior through the large notch described in the 

earlier stage. The lateral wall is broad, and a little in front ‘of 

the orbitea-nasal foramen it extends abruptly downward, this 

being produced backwards in a short blunt process. 

part of this expanded portion is the foramen through which the pro- 

fundus nerve leaves the capsule while medial:to it is the process 

4 

and the notch for the superficialis described in 

The solum nesi is much as in the earlier embryo. J 

The trabeculae which reached the ethmoid plate in the earlier 

Stage have now lost all connection with that stru and have been 

resorbed anterior to the preorbital band; their only remnants are a 

pair of small caudal processes from the posterior margin of the 

plate, the intermediate parts having become ossified. 

front of the level of the solum nasi two ng and parallel 

bars extend forward and slightly toward the median line, continuing 

the lateral wall of the capsule forward, and inclosing the nasal 

and Jacobson's organ. In: front, the dorsal of these bars 

now fully developed alary process tel <p?) forming 

leupola, for the nasal’sac. The anterior wall of this cupola bends 

tly downward, its ventral margin fusing with the lower of 

portion extends 

taterally as a. short broad process, posvel the externa 

“Shere, ig.no,floor to the cupola. There is a small 
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in the ventral. surface of the anterior cupola, through which the 

ramus profundus passes from the capsule to the anterior parts of the 

snout. 

The ethmoid plate is relatively smaller and is connected with 

the other partsmof the capsule only by the solum nasi and the roof 

of the cupola. Its differences from the earlier stage are of little 

importance. The cornua are somewhat larger and wider 

Septum has now a promine posterior prolongation whie 

entirely free from the ethmoid plate, and which reache 

farther back than does the ethmoid plate. This bar sepa 

Olfactory nerves of the two sides. rostral rod is 

Slenderer than before. 

fo homologize the par 

with that of the Urodeles is : impossil In a few } 

it resembles the Urodelan sje are so few that 

factory comparison cannot nad The distinctness of the trabecu- 

da and the alisphenoid and their independent chondrification has 

parallel among the Urodeles where trabecular 

Gontribute to form the lateral wall of the cavum cranii. The points 

of resemblance between the capsules of Amphiuma end Epicrium are 

as follows: The six-sided ethmoid 

is 

surface of the othmoid x ate and) 4 squent division into antero- 

iateral processus alares, which form 

findicste a common ancestry. 

vaulted aC iaee is some. resemblance to Amblystoma 

5 

eno Delamandra. although these structures do not arise in the same 
> oS 

| 

aay in Hoth animals. The terior process of the septum nasi 

| 
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Salamandra recalls the rostrum of Epicrium and yet I am inclined to 

believe that this resemblance is one of convergence rather then of 

inheritance. 

in general the capsules of Amphiuma and Epicrium are similar in 

pebe following respects. The absence of olfactory foramina, the 

Shape of the ethmoid plate, the nasal septum and the slight extent to 

which the nasal capsule is roofed by cartilage structures, cannot be 

overlooked. The cupola of the capsule may be the result of the 

. 

burrowing habit and habitat of this blind animal. 
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Urodelan Comparisons. 

Upon the basis of the nasal capsules of several families of 

Urodeles, this order may be divided into four groups, based upon simi 

larity of larval structures and the progressive method of chondrifica 

ytion. The largest group comprises Cryptobranchus, Spelerpes, Pletho- 

Hdon and Amblystoma. The second includes Salamandra, Triton and 

Diemictylus, while Amphiuma is placed alone in the thi and Nectur- 

s forms the fourth group. 

This elassification is based almost entirely upon similari 

of nasal structures during the larval development. In some fo 

where larval stages could not be secured, adult characters were em- 

ployed; while in others the early method of chondrification was the 

only ePiterion available. \ 

fo recognize in the nasal capsules of the Urodeles a complete 

phylogenetic development or gradual transition from one animal to 

another is impossible, for many large gaps exist, concerning which 

evidences of structural relationships are wantinge On 

hand many resemblances in the development of certain structures 

of the nasal capsules may throw some light upon the interrelation- 

ships of this Amphibian order, 

I have studied the young of the American species of Crypt 

US. It would seem as if the capsule of this 

acters that appear most ancestral and which show relationships 

both the Urodeles and the Anurae The youngest larva of Crypto- 

branchus, which I have studied, has a well developed trabecular 

erest which is not present in the corresponding stage f either 

Spelerpes or Amblystoma; the development of the crest of Amblysto- 

ma being apparently correlated with the development backward of the 
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7 

ethmoidal column. It would appear that in Cryptobraneims the crest 

is developed before the column is laid down, while in Amblystoma the 

ee is begun before the crest is developed and the crest only be- 

gins to appear when the column has extended back to the cristal re- 

eeione. in the only early available stage of Spelerpes, the crest is 

developed while but a small’ part of the column is laid down. I have 

no material which shows the early stage of the ethmoidal column in 

Cryptobranchus, but, judging from its relation to the cornu and 

complete Separation of the columns of either side, Cryptobranchus 

and Spelerpes are closely related. It is evident in Spelerpes that 

the columna ethmoidalis arises from a medial margin of the cornu and 

erows posteriorly along the dorsal medial surface of the nasa 

My oldest larva does not show the formation of the complete column, 
. 

but the anterior projection -of the dorsal margin of the crista tra- 

becula sugeests that the ethmoidgl column in Spelerpes may arise from] 

e 

anterior and posterior rudiments. The crista of the earliest 

Cryptobranchus larva shows no such projection, and yet I am inclined 

Go believe that the ethmoidal column in this n may develop the 

Same waye In the 25 mm. Salamamira larva the beginning of the column f 

is connected to the cornu much as in Cryptobranchus, and yet the 

early lamina cribosa, appearing in Salamandra prior to any relation 

to the crista, suggests an independence of the ethmoidal column like 

that characteristic of Amblystoma. I ista trabeculae is well 

developed in the 25mm.Salamandra larva, but they do not become con- 

nected with ie ethmoidal column until the 

early association of these parts in Cryptobranchus. 

sparation of the ethmoidal column and the cornu is complete f 
A's 

‘stoma. In a@i1S mm. larva I have described the presence of 
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a few cartilage cells lying above the medial mrgin of the corm of 

the left trabecula. This the first appearance of the ethmoidal 

column. The fact that I have observed these cells appearing fi os 
PS 

on only one side has no special significance; but in the independent - 

of the ethmoidal column 

| 
{ from in front backwards, prior to any association with the trabecular 

Amblystoma differs from any other Urodele. 

The trabecular crests which appeer so early in Cryptobranchus are 

retarded in Amblystoma, and do no appear until both ethmoidal column 

end ethmoid plate have chondrified; so that the 19 mm. larvae possess- 

es an ethmoid plate and carm trabeculae already well developec 

while the columna ethmoidalis, entirely separate from all other ? A 

- fa] 

the medial margin of the nasal orgene Structures, extends along In 

iy youngest larva of Amphiuma there is no evidence of an ethmoidal 

column in the anterior parts of the capmile, but posteriorly the 

rabe cular erest.is already well developed and from its anterior end 

ct pe passes anter iorly and laterally around the nasal organ. 

his is the beginning of the lamina cribosa and, in a later stage, 

he ethmoidal column has been formed by a growth forward of paris 

present in the earlier stage. Accordingly method of chondrifi- 

tion of the crest and lemina cribos Cryptobranchus with 

ich I have associated Amphiuma. 

In all Urodeles studied the ethmoid plate is formed by the fusion 

pf the trabeculae in the middle line, and in some forms this plate is 

he only connection between the two nasal capsules. In Necturus and 

ryptobranchus the upper surface of the plate is convex, Since the 

reduced nasal septum arises from the median line of the ethmoid plate 
| 
I sa small ridges In contrast to this convex type of planum ethmoid- 
| 

Ss 
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Salamandra and Amblystoma have a concave ethmoid. ‘The size of 

the plate is variable in the different species, being very sma |}? }4 +e He] 

Cryptobranchus and Spelerpes, somewhat larger in Salamandre and 

reaching its preatest development in the larvae of Amblystom, where 

the fused septum nasi and planum ethmoidalis form a thick anterior 

wall to the cavum cranii. larvae approaching the end 
x 

of metamorphosi 

Show @ reduction in the size of the ethmoid plate, corre- 

the increase in the growth of the accessory parts of the 

apsule. The ethmoid plates of Triton and Diemictylus are greatly 

reduced in both larva and adult and are unique in their posterior 

Boeition in relation to psular structures. ~ 
the other ca 

The nasal septum arises in different ways throughout the order. 

fn Cryptobranchus the septum nasi arises from the median line of the 

1S Ss horsal surface of the ethmoid plate. It increases in height and in 

he larva three months old, it has united to the columns of either sew 

ide so that a complete wall is formed between the capsules, separat- 

ine the internasal space from the cavum cranii. Further, in the 

larvae of Necturus, although there is a slight ridge on the dorsal 

rface of the ethmoid plate, a complete septum nasi is not developed.f| 

fhe lack of a later stage of Spelerpes does not allow me to determine 

Bhe origin of the septum nasi in this genus and yet the early column 

and its relation to the lat ethmoid plate suggests a development of 
bs 

ithe septum similar to that in Salemandrea and Amblystoma. 

In the 25mm. Amblystoma larva the mdial. margins of the ethmoid- Vee ES 

Bl columns, just above the anterior margin of the ethmoid plate, have 

prown toward the middle line end have united 

ridge or septum nasi which for a while is wholly distinct from ‘h 

thmoid plate. Gradually a connection is established between them 
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chondrification beginning at the junction of the septum nasi to the 

eolumn and proceeding toward the median line, completely closing off 

the internasal space from the brain cavity. The process of chon= 

drification then continues posteriorly until in the 

a solid thick plate has formed, just anterior to the olfactory foram- 

ina. 

In Salamandra this process varies slightly. Corm and column 

are connected in front and then the nasal septum formed by a 

growth medially of the two columnae, this taking ace in fro. 

Ghe anterior margin of the ethmoid plate, leaving a gap, the 

ethmoidalis, between septum and plate. This foramen is only tempor- 

ary in Salamandra, closing inthe late larva, but in Triton crista- 

fis and Diemictylus viridescens, the internasal space and the cavity 

of the brain case .are never separated from each ot her 

membranous structures. Born ('76) deseribes the early process of 

Ghondrification of the whole capsule in Triton cristatus as a continug 

ous growth of cartilage from the trabeculae. He says nothing of thef 

independent chondrification of parts, so thet the septum nasi has 

probably been formed in a manner similar to that of Salamandra, by 

a lateral erowth of the dorsal mrg * the inner wall of the capsulg 

Because of the continuous development. of the cartilage capsule of 

Triton and the persistance of the fenestra ethmoidalis, together with 

thé greatly reduced septum nasi, I have placed 

Mriton. -In Diemictylus, in which a septum is entirely lacking, there 

fis a further reduction from the condition in Triton. This complete 

absence of a septum nasi in both larva and adult Separates Diemic- 

+tylus from Triton and Salamandre, yet the many resemblances between 

the capsules of these animals would indicate a close relationship 
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between them. In Amphiuma the septum nasi develops from the median 

dine of the planum.ethmoidalis as in both Cryptobranchus and Necturus 

but the highly specialized septum of Amphiuma with its relation to 

the ethmoidal columns preclude exact homologies 

The antorbital process is present in 

except Cryptobranchus, it develops from the ventral margins of 

trabecula just back of the choana. This process is directed ant 

iorly and although connected with the cranial wall back of the 

region it becomes definitely connected with the capsular structures. 

if ai1of the adults and in some of the late larval forms, that I 

have studied, the connection between the antorbital process and the 

lateral margin ofithe lamina cribosa has been established, forming 

a large orbito-nasal foramen through which the nerves of the 

recion enter the capsule. In Necturus the antorbital process, al- 

i. b10uph LtS tip reaches nearly to the fenestrated capsule, the 

never unite. 

nf 

Gaupo ('91,'93) held that the antorbital process of Urodeles 

is homologous with the pterygo-quadrate arch of the Anura. If we 

regard Cryptobranchus as ancestral, or a a more primitive, 

€onelusion I believe. both the nasal capsule « olfactory organs 

justify, then the relations and development of the antorbital process 

in this animal may throw. some light upon the homology of these 

Structures. In.the youngest larva studied, in which the trabecular 

erests, are already well developed, thers ap pe 

hentorbital process. But slightly i place where it 

Should develop, there are procartilage cells near the lateral ventral 

marcin of the trabecula. Posterior ly these cells pass into 

feartilepe rod which is the anterior end of the pterygoi 
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sending back to the quadrate.It is very evident that this cartilage 

bar is the anterior end of the pterygoid process which is growing for} 

ward into the nasal region. In the later stage it unites to the 

trabecula in the region where the antorbital process occurs in the 

Amura and the other vertebrates, just posterior to the choanae In 

this stage there is no extension forward of this bar beyond its 

junetion with the trabecula, but in the two months larva a short 

process extends forward into the nasal region, just as does the ant- 

Orbital process in other Urodeles. I have no stage later than the 

three months larva to determine whether a connection is established 

between the lamina cribosa and the antorbital process. Nor can I 

Say at what time a process of resorption takes place in the ptery- 

goid bar to separate this structure from the functional antorbital 

process as it, occurs in the adult of this and other Urodeles, Ran- 

odon excepted. 

Regarding Cryptobrancims as ancestral or primitive, then the 

Urodelan antorbital process is in reality composed of the anterior 

end of the pterygoid plus an anterior extension which secondarily 

becomes associated with the nasal region. In the Anura the ptery- 

goid bar extends forward from the quadrate and unites to the trab- 

ecula in the same way as in the larval Cryptobranchus; en inherit- 

ance from a common ancestor. The relation of these structures in 

Cryptobranchus and the Anuran capsules tend to support the original 

conclusion of Gaupp that the basal part of the antorbital process 

a 

of Urodeles and the "palatine cartilage" of the Anura are 
— 

| 10mo01lo gous 

ck ct an oO ¢9 =e cr @ F [Hs Oo KH =} eo) my ci 1 2 a) @) - c = suructures. Bu jhe process is a structure 

mot a part of the original pterygo-quadrate arch. 
= 

Winslow ('98) has described in his second stage of Epicriun, 
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two isolated cartilages in front of the anterior end of the ptery- jm! = cS, 

goid process of the quadrate, which may well be parts of a former 

pterygoid extending well Reyer eS the capsular region. In addition 

he figures and describes an antorbital process, the relationships 

ef which are not clear, but apparently it is not the homologue o 

the antorbital of other Urodeles. My reconstructions differ from 

in Several respects. 

Wiedersheim ('77) has described the nasel capsule of Ranodon 

and has figured the relation of the antorbital process to the pte 

in Cryptobranchus, as has been referred to 

On a previous page. This as well as other structures suggest a 

close relationship of these genera. An older larva of Spelerpes 

also. described by Wiedersheim, possesses a caudal extens jon of the 

entorbital process which he calls the maxillary process. It 

BOL, JOAn- the posterior x ygoid process of the quadrate, and 

the proximity of the two is sugg of an earlier union, a fur- 

ther evidence of a close 12 of Spelerpes to Cryptobranchu 

A strong pter j ess 2nd yerd from the quadrate 

iM eeversl, Urodelesi, is shown in the figures of Parker ('75, '76) 

and Wiedersheim ('77), but it does not appear in the larv 

bave of Triton, although present in Diemictylus larvee, 

in the adult. In the youngest Imown sts e of Amphiuma ( Winslow, ‘& 

fig. 18), there is no pterygoid process, although the epipterygoid 

is present as in all Urodeles. Ina later stage, the process is 

Well developed, persisting as cartilage in the adult. In many Uro- 

deles, the antorbital process is developed, but, as stated above, 

no where except in Cryptobranchus and Ranodon is there any connect- 

ion between pterygoid and antorbital. 
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Statement of relationships on the relative extent of development of 

this structure. Further it is epart from my main subject and, in 

any case could only be invoked as afford ing confirmatory evidence. 

The complexity of the'nasal capsule of Amphiume renders it 

gdifficult.to draw definite homologies with other Urodeles; and yet 

in the early method of chondrification there are some resemblances 

to Cryptobranchus. The early development of ti sta trabecula, 

ethmoidal column and the septum nasi these genera. 

if the lamina ecribosa which is essoci i with the cornu trabecula 

and the columna ethmoidalis be homologized with that structure in 

Oryptobranchus, then Amphiuma can be regarded as related to Crypto- 

branchus, and the more anterior structures secondarily acquired. 

palemandra differs from Amblystoma primarily in the size 

the septum nasi and the persistence of the fenestra ethmoidal 

well as the method of origin of the ethmoidal columns. 

has retained one larval character of Cryptobranchus in 

of a caudal process from the ethmoid plate, but this genus more 

closely resembles Spelerpes in the origin of the columna ethmoidalis.} 

On the other hand the length of the ethmoid plate is an Amblystomal 

character, while the absence of the strong septum nasi and ethmoid 

plate in Salamandra preclude close relationships, but it would seem 

that Salamandra and Amblystoma have des 2d from some common an- 

cestor. 

re far removed from the larger group 

just discussed, and are probably related t i through Salamandre. 

7 The -complete development of the inner 

deep internasal space between them, and the 

i gans lie entirely in front of the tip of the , are chara 
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not found among the other Urodeles, The fenestra ethmoidalis, 

tween the internasal space and the cavum cranii,which persists 

Jong in the larva of Salamandra is permanent in the adults of 

ton and Diemictylus, forming a large fontanelle between 

and the ethmoid plate. In Diemictylus, the complete loss 

)Septum nasi converts this fenestra into a gap, only a membranous 

partition separating the internasal space and the cavum cranii. It 

would follow that Diemictylus has descended from a Triton-like 

form, and both genera e related to Salama nora which has develop- 

ed along a line parallel to that of Amblystom and is throuch 

some form like opelerpes, so far as the nasal capsules are concern- 

ed, that this group is connected with Amblystoma by a line running 

back through an intermediate form like 

Necturus and Proteus have usually been regarded as primitive, 

and united into a group apart from the Urodeles, as the Protieda 

of Cope ('89). I have been unable to ‘study Proteus, but Necturus 

possesses a nasal capsule readily compared to that of any other 

Urodele. Pinkus ('94) has called attention she Similarity of 

the nasal capsules of Necturus and Protopterus,. The 

of both capsules is similar and yet the fusion of the 

hasal covering to the septum and the ethmoid plete in Protopterus 

find no counterpart in Necturus. Miss Platt 197) has described 

the ehondrification of certain structures of the nasal capsule of 

Pheeturus, such as the trabecular crests, ethmoidal plate, and col- 

umna ethmoidalis. These parts chondrify independently and subse-= 

@uently unite to each other, with the exception of the ethmoidal 

column, which never becomes connected to the other structures. 

I have observed the development of the column which chondrifies 
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from in front backwards as in Amblystoma, From this rod lateral 

processes grow out, which become fenestrated to produce the adult 

capsule. The capsular structures of Necturus are late in develop- 

ing. Ina 25 mm. larva there is only a pair of trabeculer rods, 

and no Sign of either ethmoidal column or ethmoid plate. This re- 

tardation in the chondrification is explicable on the hypothesis 

that Necturus is a persistent larva. 

Of the early larval forms of all the Urodeles, which I have 

Studied, the nasal capsular structures of Necturus bears the clos- 

est resemblance to that of both Spelerpes and Desmognathus, In 

these larvae the trabeculae are cylindrical and have slight corn- 

ual expansions while trabecular crests have not appeared. In the 

later stage, further resemblance is lost, for Spelerpes has gained 

true Urodelan characters, while Necturus still possesses larval 

relations. 

As stated above, Cope placed Proteus and Necturus in the Pro- 

teida, regarding them as primitive or ancestral forms, connected 

with the Stegocephala by the presence of an intercalary bone. 

re Kingsbury ('04) rejects Cope's thesis, affirming the absence of 

the os intercalare in Necturus, and believing that Cope confused 

this with the posterior-process of the opisthotic, and further 

that the intercalary of the Stegocephala is a membrane bone. 

Further evidence that Necturus is not primitive is submitted 

by Norris ("1L). Norris, working upon the cranial nerves of Nec- 

turus, concludes that this animal is not primitive. The distribu- 

tion of the cranial nerves agrees let W : le higher 

rodeles, a condition which would not be expected in a primitive 
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form. Kingsbury has regarded Necturus as a neotenic larva, and would 

place it near Spelerpes. His conelusion is based largely upon the 

sbyeuce of certain cranial bones, such as the nasals, prefrontals, 

and maxillaries, which are present in other Urodeles. 

Rudimentary nasal capsules are characteristic of the larvae 

of both Spelerpes and Necturus, although the fenestrated nasal can- 

sule of the latter, is a further development in 

vae of Spelerpes frequently retain their larval characters 

nitely, and sometimes do not transform for even two or three year 

after hatching, having attained at this time a length of 60 mm. 

The absence of certain bones of the skull may not be proof of lar- 

val conditions, but may indicate degeneration. 

I am inclined to regard Necturus as a neotenic larva, possi- 

bly related to the other Urodeles through a Spelerpes-like ancestor. 

The retention of the larval characters of the trabeculae and the 

ethmoid plate can certainly not be regarded as ancestral; nor can 

degeneration alone explain the present structure of Necturus. 

Considerable diversity of opinion has existed regarding the 

phylogenetic position of the Gymmophiona. Huxley ('78) stated 

there was not the slightest indication of any approximation to 

ther the Anura or the Urodeles. On the other hand, Cope ('89) 

placed the Caecilians in a family of the Urodeles, reg: 

as degenerate and related to the main line through Amphiuma, 

The Sarasins ('90) have come to regard Amphiuma as a permanent lar- 

|} val form of Gymnophione, Kingsley ('02) has discussed the 

of both Cope and the Sarasins and presents conclusive evidence thet Vv 

the Caecilians are to be regarded as distinct from both Urodeles 

A SS 3 > 4 < and Anura and placed in Separate order, the Gymnophiona. 
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The nasal capsules of Epicrium presents little of classifica- 

tory value, except that there are practically no resemblances to 

the characteristic Urodelan capsule. I have not been 

the early method of heaayieieaxton in Ichthyophis ,and 

Stage described by Peter ('98) is a larva in which chondrif 

is already well advanced. In this stage the trabecular cornua so 

characteristic of all Urodelan capsules, are absent. The ethmoid 

plate has formed and the nasal septum arises from its dorsal sur- 

face, recalling the origin of that structure in both Cryptobranchus 

and especially Amphiuma, a condition which may be correlated with 

the very elongate body, although reasons for the correlation are 

not evident. 

in both Amphiuma and Epicrium, the nasal septum is high; it 

arises from the anterior half of the dorsal surface of the ethmoid 

plate and divides into lateral processes which pe 

and dorsal sides of the nasal sac” to unite wit > lateral struct- 

ures of the capsules. The anterior margin of the ethmoid bears 

& pair of processes which project anteriorly on either side 

Septum, these being in Amphiuma and possibly 

vestigial cornua,. The two bars in the 

of Epicrium do not occur in Amphiuma, and yet 

moid plate together with the origin and the relations of the septum 

nasi are points of comparison that suggest a possible relationship. 

Although there are thus some resemblances between the nasal 

capsules of Epicrium and Amphiuma, yet the many contrasts between 

the Caecilian and the typical Urodelan capsules supports the idea 

of the long separation of the Caecilian from the Urodelan groups. 
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The burrowing habits of the blind worms have probably caused some 

degeneration, and although there are some resemblances between the 

nasal capsules of Amphiuma and Epicrium, I do not believe that 

Cope's view of the interrelationships can be maintained. 
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Pipa americana. 

The Surinam toad, a representative of the Aglossate Anura, is 

unique among the Amphibia in its quiescent larval period during 

Which the entire process of metamorphosis takes place; so that the 

ehbaracters of the adult are well laid down before the animal take 

p its free existence, a contrast to the long, free larval life of 

he Phaneroglossal Anura,. 

As described by Parker('76), and using largely his terminology, 

the early chondrification of Pipa lacks the large hypophysial fen- 

estra so common in other Amphibian skulls; so that the fusion of 

the trabeculae into a broad bas pla has completely obliterated 

this opening, except for an imperfect chondrification in the middle 

line. The coalesced trabeculae form a broad, slightly emargina 

internasal plate which is continuous with the anterior margin of 

the skull, and from lateral cephalic margins the "recurrent 

trabeculae” suddenly bend laterally and passing caudally beneath 

the nasal sac terminate in rounded projections near the narial lam- 

ina, At this stage the recurrent trabeculae are not continuous with 

the narial laminae, which are the cephalic projections from the 

ecthmo-palatine cartilage and which later form the prepalatine spurs, 

the probable homologues of the lamina eribosa of the Urodelous 

In the later stage, before the young Pipa has assumed active 

aite, although it has assumed the adult form and is nearly two thirds 

yor an inch long, much of the cartilage of the early stage hes been 

resorbed. The broad trabecular and intertrabecular floor has been 

reduced to a pair of well developed trabeculae, the crests of which 

Frerminete Opposite the optic organ.(fig.54,55). In the nasal region 

| 
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the Gartilage structures have been reduced to an ethmoid plat a, aU 9 

median ventral keel and a pair of side wings, the olfactory organs, 

dorsally and ventrally, being without skeletal coverings, a mrked 

contrast to the protection afforded the sensory structures in 
| 

iPhaneroglossa described below. 

Jast anterior to the crests the trabeculae are oval in section 

Slightly concave on their inner surface to accommodate the forebrain. 

They parallel each other for a short distance and then, without 

bending ,toward the median line they join the broad ethmoid plate 
= 

which is concave on its dorsal surface, forming a wide trough for the 

Olfactory lobes (fig. i173 ). The posterior margin of the ethmoid 

_ 
oS plate (p.ee.) is straight with the exception of a slight triangular 

posterior process similar to that in the larvae of both Cryptobranchus 

ind Salamandra. The anterior lateral angle of the ethmoid plate is > Ue 
+L oe U 

ontinuous with a broad triangular plate, the ethmo-palatine of 

Parker, the lamina cribosa (l.c.) whieh sends a triangular process 

(Parker's prepalatine spur) forward almost to the level of the base 

of the alinasal cartilage. Posteriorly this plate is continuous 

vith the pterygo-quadrate arch. AG the junction of the lamina eri- 

bosal cartilage and ethmoid plate the orbito-nasal foramen (f.o.n.) 

onducts the nasalis internus branch of the fifth nerve into the 

apsule. A branch of this nerve passes along the dorsal surface of 

he ethmoid plate, then through the foramen in just lateral 

4.7 
U 

ory herve, which leaves the brain from the ventra surface of the 
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to the anterior end of the capsule. Where the septum nasi (s.n.) 

|g0ins the ethmoid plate it is triangular in cross section and its 

dorsal Margins partially overhang the medial portions of the nasal 

S208 Further anterior the septum forms a vertical plate which 

‘reaches forward to the end of the capsule. At its tip this plate 

gives off on either side a plate which bounds the naris on the medial 

Side and above and which passes at its lateral posterior angle into 

a@ cartilage bar, the dorsal process of Winslow, (d.pn.),(the recur- 

rent trabecula of Parker), although it has ar characters, 

which runs backwards & slightly outwards the ventral pro- 

eéss and the ventral am ina, described below. 

A little behind 

arises from either side of the trabecula. extends 

d forwards, its anterior margin bounding the lat 

the naris; its dorsal margin is separa 

anterior end of the dorsal process, while 

ventral process (v.p.) whieh runs obliquely backwe 

and joins the dorsal process a little lateral 

angles to make he union, and then 

the united structure continues into the ventral surface of the lamine 

eribosa. 

As T interpret Parker's account of the early 

appear that in Pipa this septum nasi is trabecular 

falinasal cartilages being the vestigial 

Parker there is no connection between 

jJamina cribosa either in the early or lete tag but both Winslow 

('98) and I find such 4 connection as described above. 

union of the dorsal process and the lamina cr “a there is 
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Similarity to the fusion of the cornua with the laminae cribosa of 

the Urodeles. 
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Bufo americana. 

In contrast to the nasal organs of Pipa and Dactylethra, the 

Phaneroglossa are characterized by a more complex capsule, which 

completely incloses the sensory structures. Relationships to the 

Urodelan type of capsule are very remote and it is impossible to 

establish definite homologies between certain structures of the na- 

Sal capsules of these two Amphibian orders. 

i have studied a single stage of Bufo, 9 mm. long, just after 

mMetamorphosis;and I find that the nasal capsule closely resembles 

that of the 13 mm. Rana fusca larva, described by Gaupp ('93), 

while in other respects the whole chondrocranium is more like his 

50 mm. stage. 

In this stage the nasal capsule is well chondrificd(fig. 36. ). 

The alisphenoid cartilages (alis.) are high and the floor of the cav- 

um eranii(e.c.) is well developed, forming a trough 

lobes, which are completely shut off from the nasal 

tical ethmoid plate. This planum ethmoidalis (p.e.) forms 

erior boundary of the nasal capsule, 

for the olfactory nerves which leave 

tral margin; as in Pipa. laterally the planum ethmoidalis is con- 

tinued beyond the alisphenoid cartilages, into broad plates which 

form the side walls.of the capsule in the posterior 

plana of Parker ('79). At the junction of pars plana and alisphen- 

Qid cartilage, the nerves of the nasal region enter the capsule 

through the orbito-nasal foramen(f.o.n.). From the middle line of 

the planum ethmoidalis a strong nasal septum (Ss.en.) contimves for- 

ward completely separating the nasal organs of each side and uniting 

the floor and the roof of the capsule. The nasal tectum(t.n.) nar- 
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rower than the planum ethmoidalis, extends forward from the dorsa 

mar ein of the ethmoid plate to the anterior end of 

nearly covering oe dorsal margin of the 

surface is Ser farn ons with the strong nasal septum, while 

ly it broadens at the junction of the oblique cartilages, deser 

below, and then turns abruptly ventrad to form the anterior wall of 

the capsule, and then bends backward to form the-floor.of the super- 

ier cavity,(c.s.) in which the anterior end of + sac is 

UAT This floor or sojum anterius extends back, joining the 

tum at about its middle, to the naso-basalis fenestra. 

terior lateral margin of this floor the alinasal process (an.ep.) ex~ 

tends laterally forming a floor and a lateral wall to the naris. 

AG the junction of the alinasal process and the solum anterius, @ 

Short superior prenasal cartilage(s.p.c.) extends downward and ends 

in the midst of the intermaxillary glands. The vertical anterior 

wall above this 3 pie a al tI super ficialis} 

nerve. 

The floor of the capsule proper, the solum nasale(so.ena.), 

broad thick plate, equal in width to the nasal tectum and connecting 

by its dorsal surface with the nasal septum. t extends forward 

from the ventral margin of the ethmoid plate, supporting the main 

nasal sac, as far forward as the naso-basalis openings. At its 

anterior lateral angle, the solum nasale extend 

laterally to form the floor and anterior wall(parie 

Gaupp's cavum inferius(c.i.). Where thi 

off from its medial margin an inferior prenasal c 

P rom the posterior lateral angle of the paries inferius a 



1 

i : 7 ~~ 
~ wis ' 

= . oh 

if 



81 

eess extends backward and forms the floor of the cavum medium(c.m.), 

in which a small diverticulum of the nasal sac re 

ducts.arise from the eye by two branches, then pass forward over the 

oblique cartilage, down through a groove where the planum terminale 

O “” ct toa] se ia | i | =) @ tA © Q Ky ey © }2 

(p.et.) joins the anterior wall, then back over the process just ment-f 

ijoned to open into the dorsal side of the nasal d 

The lateral wall of the capsule is formed by the oblique carti- 

lage which passes outwards, downwards, and slightly backwards from 

the middle of the lateral margin of Son nasal tectum over the nasa o- 

organ. At its ventral end it unites with a triangular process, the 

planum terminale of Gaupp, itself an anterior continuation of the 

pars plana, which unites in front with the antero-dorsal wall of 

the cavum inferius. 

Internally,a bar passes in the floor of the capsule forward 

from the solum nasale to join the solum anterius(s,a.), bounding 

the large fenestra naso-basalis(fen.sn.b.), through which the front- 

alis branch of the nasalis internus passes to the intermaxillary 

gland, and separating it from the cavum inferius in which the organ 

of Jacobson lies. Beneath this 

into the fenestra naso-basalis. The cavum medium is small and in- 

conspicuous, it lies beneath and just outside tle planum terminale 

and is practically, in this animal, a lateral continuation of the 

cayum inferius. From the anterior margin of the solum anterius, ad- 

jJacent to the large fenestra nasSo-basalis, is an elongate inferior 

| pronasal process. 

bar the cavum inferius opens broadly 





I have studied only the capsu of the adult 

has phenetene replaced many cartilage structures it asal region 

by bone. In general the nasal capsule of Hyla resembles somewhat 

elosely that of its Arciferan relative Bufo. The characteristic 

eompactness of the capsule and th reduction in sagittal direction 

of the anterior parts of the nasal capsule are comm8n to both, al- 

though the extent to which resorption of cartilage in the posterior 

region of the capsule of Hyla has gone, has made the determination 

Of homologies with Bufo_less certain. 

Ossification in the choanal region has reduced the floor of the 

capsule to flat cartilage plates waten support the caudal par 

Olfactory sacs. These plates, the vestiges of the solum nasale 

funite in the middle line at the caudal Limit 5 septum nasi, 

while in front the solum continues uninterruptedly forward to th 

daphalic end of the capsule. The ethmoid plate and a large part of 

the nasal tectum have been replaced by bone, 

ef the tectum being reduced to a rod on either 

onally across the nasal organs 

(O.c.) by an elongate fenestra, both being connected by 

plane. Thus the cartilage structures of the posterior part 

mMasal capsule in this adult stage are reduced to a pars plana, 

Small solum nasale, and a bar, the remnant of the tectum nasale. 

The anterior end of the capsule is more complete; the oblique 

Cartilage and the ber which represents the tectum behind, unite 

With the tectum nasale(t.n.), to form a roof somewhat concave on 

i168 upper surface. The anterior well is nearly vertical, and is 

pierced on either side for the passage of the superficialis nerve. 





83 

The lateral well is largely formed by the oblique bar which péss 

es behind into the pars plana, and sends downwards from its ventral 

margin a bar, which I interpret as the planum terminale(p.t.). 

this terminal plate and the pars plana is a gap, possibly the 

of resorption, as no nervous or sensory structures pass 

through it. 

In front of the planum terminale and ventral to the oblique 

bar is the external naris, the olfactory duct resting upon a short 

laterally directed alinasal process(an.c.). A posterior extension 

of this narial fenestra lies below the anterior part. of the planum 

terminale and accommodates the lacrimal duct, which is supported 

below by a lateral expansion of the planum terminale The duct 

passing this point enters the cavum 

Ventrally, the alina sal cartilage pass a downwardly di- 

rected superior prenasal process(S.p.Ge), & a little behind this 

the planum terminale bends ventrally and then backwards, passing in- 

to the solum nasale(so.na.), and forming the anterior 

walls of the cavum mediun. 

The ventral surface of the solum nasale calls for Lit 

S posterior lateral angle it senés a process back 

in Bufo, while medial to the floor of the cavum medium is 

long inferior prenasal process(i.p.c.). The fenestra neso- 

is mich smaller than in Bufo and it opens almost directly downwards 

Internally the bar, which in Bufo separates 

1s from the cavum inferius is incomplete in Hyle, being represented 

by &@ short backwardly directed process from the floor of the cavum 

superius 
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Rana viridescense 

The nasal capsules of the Arcifera and the Firmisternia are 

essentially alike and although I have not had a complete series of 

stages showing the chondrification of the nasal capsule in Rana, yet 

the work of Gaupp ('93) has made it possible for me to study 

method of growth of the nasal capsule in connection with the 

Stases that I have. 

I have studied the chondrification of the nasal capmile ofa 

Jarva 28 mm. long, total length, in which the characteristic Anuran 

Structures are just beginning to chondrify. In this stage the nasa 

capsule (fig. 40.) is restricted to an elongate internasel plate 

(isp.) with its cephalic prolongations of the trabeculae which extend 

forward to the labial cartilages (la.c.). At the junction of the 

internasal plate and the muscularis process of the quadrate (m.p.d.) 

a dorsal process arises which is to becom the side wall of the cap- 

sule. This process is the "'Ethmoidalpfeiler’ of Gampp which differs 

from the ethmoidal column of Amblystoma where chondrification pro- 

presses towerd the trabeculae rather than from it. At its summit 

this dorsal process sendss horizontal plate toward the medien line, 

the plates of the two sides fusing to form the ethmoid plate (p.e.). 

This does not differ greatly from the formation of the ethmoidal 

bridge in the 25 mm. Amblystoma larva, a large fenestra ethmoidalis 

(fen.eth.) persisting for some time connecting the nasal region with 

the cravum cranii.s This opening is only temporary. Chonérificatior 

extends from the beginning of the et hmoid plate ventrally to the 

internasal plate forming the vertical planum ethmoidalis,which 

later stages except for the olfectory foramina, completely Separates 

athe nasal structures from the olfactory lobes. 
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Prom the lateral dorsal margin of the "'EHihmoidalpfeiler', upon 

a level with the dorsal surface of the ethmoid plate, a smell pro- 

cess extends laterally toward the muscularis process of the quadrate 

fhis process which is pierced by anorbito-nasal foramen (f.o.n.) for 

nasalis internus nerve is the beginning of the ethmo-palatine of 

the Anura; it may be the homologue of the Urodelan antorbital pro- 

cess which has been forced dor sally by the connection of the mscu- 

jaris process of the quadrate with the side of the trabeqla. This 

is the more probable as in a later ve j the posterior migra- 

tion of the quadrate, this palatal as extended ventrally 

40 the Side of the trabecula. 

nt of the choana a longitudinal constri 

ly divides the nasal Gac into two chambers, one medial and d 

lying on the trabecula, the other lateral and more v 

beginning of Jacobson's argan) which lies the si de. and to some 

éxtent ventral to the trabecula. 

The olfactory nerves of the two sides now pass through the largef 

opening between the internasal plate and the roof of the planum 

ethmoidalis, They pass over the mrgin of the internasal plate just 

anterior to the’Ethmoidalpfeiler' to connect with the nasal sac. 

Tater, a chondrification medial to this nerve will give rise to the 

complete planum ethmoidalis and will result in the limitation of the 

foramen eround the olfactory nerve, while the lateral process will 

give rise to the pars plana of the later stage. That part of the 

internasal plate in front of the planum ethmoidelis will, in later 

Stages become the solum nasale. 

The trabeculae widen as they extend forward, and just 
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the inferior labial cartilage. This vertieal portion is apparently 

what Gaiapp calls the superior labial cartilage and which he figures 

as a discrete element in both earlier and later stages. oy? nay 

Material I am unable to find any line of demarcation between the 

trabecula and superior: labial cartilage. 

I heve not had any material between the lerval stage just des- 

eribed and a young frog soon-after metamorphosis, but it is easy to 

see that the changes that have been undergone are about as follows, 

this account agreeing substantially with that of Gaupp. 

As in the young Bufo, the soueule of Rana approaching the end 

of metamorphosis, according to Gaupp, shows a decided reduction in 

the sagittal direction of the anterior nasal cartilages, occasioned 

by a partial resorption of structures of the younger stages, so that 

the definitive nasal capsule is formed by developments from the post- 

erior half of each trabecular rod, while the anterior half and labial. 

eartilages are entirely resorbed. The frame work of the capsule of 2) 

this stage is formed partly from structures already chondrified at 

an earlier stage and partly from Independent chondrifi cations 

4 
Subsequent to the closure of the fenestra ethmoidalis by the 

formation of the complete ethmoid plate, the septum nasi extends 

anteriorly from the median line of the planum ethmoidalis. It 

Separates the nasal organs of the two sides and unites ventrally to 

the solum nasale and dorsally to the nasal tectum which Ms grown 

forward from the anterior dorsal margin of the ethmoid plate. Chon- 

drification of the septum nasi and the nasal tectum tims takes place 

from behind forwards. The side walls of the capsule and the planum 

terminale, as well as the oblique cartilages chon drify independently 

land unite to the nasal tectum and the solum nasale, bounding the 





lateral gaps in the capsule. 

.In the anterior part of the capsule the greatest modification 

takes place. The loss of the labial cartilages and the anterior 
ase 

parts of the trabeculae, results in a’ fore and aft condensation of 

parts. The anterior half of the internasal plate becomes the solum Pp 

nasale, while in front the trabeculae give rise to the alinasal cart- 

| ilages which support io anterior parts of tlhe nasal sacs. The large 

naso-basalis fenestra Date as the solum nasale and the alinasal cart- 

opens from the main cavity of the capsule to the anterior 

Space filled with tle large intermaxillary gland. From the base of 

the alinasal cartilage a small superior pre-nasal process extends me- 

dially and vent brelly over the large opening above described, while 

just beneath this fenestra the inferior pre-nasal process extends ven 

trally forward into the intermaxillar glands. The nasal tectun, 

anter ior ts connection with the oblique cartilages,is pier- 

Ged by a pair of small foramina for the exit of the nasalis interns 

stage the articulation of the lower jaw has moved back 

So that the deeply curved muscularis process of the quadrate is more 

posterior than earlier. The small ethmo-palatine of the early 

has broadened and passes over the posterior parts of the nasal sac, 

and then divides into two processes. Of these, an anterior maxillary § 

lprocess extends forward to the level of the posterior end of the ob- 

lique cartilage, while the posterior is the direct continuation of 

tive pterygoid arch. This relation is similar to that in Bufo, al- 

though I have not seen any anterior maxillary process in the capsule 

of the’ Latter form. 
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In a young adult of 

}in the depth of the nasal capsule by one 

br 

has extended back over the anterior part 

the large dorsal fontanelle and e 

in the cavum cranii. Olfactory 

al angle of the brain cevity and 

the opening of the nasalis 

37? 
er ws 728t Late Go the cranial wall. 

eetum continues foramen the broad nasal + 

the choanal region 

is completely covered 

tectum, which extends 

in front being about half that 

niddle of the tectum > 

backwards and slightly out ds, ending 

the anterior 

pars plana. On the ventral s 

ed by & narrow bar to the base of the 

tory duct from the external naris pa 

as in the earlier stage 

is*reduced to a small opening 

Superior and inferior prenasal carti 

7 

+ion to the capsular structures as 

ferior prenasal proces 

directed downward. 

morphology of which is not certain. 

Rana viridescen 

adth and length are approximately unchanged. 

just 

side the oblique car 

alinasal cartilage, 

ssing 

Dut 

,; unere has been a reduction 

half, although the relative 

4 a ¢ 

ication Chondrif 

of the forebrain, reducing 

the olfactory lobes 

antero-later-= 

orbito={nasa 

15 
hh Si er eally into 

as in the earlier 

dorsally by the latera 

forward from the pterygoid, 

anal region. A 

a 
Ot 

ae | - 5 mo) the tip of 

continuation of the 

ilage is connect-] 

the olfac- 

between then. solum 

the 

process, 

the 
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Anuran Comparisons, 

Upon the basis of the nasal capsule, the Amra are readily sep- 

arated into two groups, the first includes Pipa, while Bufo, Hyla 

and Rana belong to the second. This distinction is in keeping with 

7 the suborders Aglossa and Phaneroglossa of the genera lly accepted 

Glassification. The capsule of Pipa with its ees vacuities is very 

different from the compact one of Bufo, and at first sight bears a 

closer resemblance to the typical Urodelan capsule, 

There are some marked resemblances between the capsules of these 

Anuran groups. In both, the pterygo-quadrate arch is complete and 

joins the cranial wall at the posterior region of the nasel capsule. 

In Pipa, the pars plana(in part, a portion of the pterygoid) fuses 

+o the entire height of the trabecula, while in Bufo and adult 

where’ the trabecular crest is high, the pars plana has also extended 

dorsally. In the tadpole of Rana, the attachment to the rudimentary } 

pars plana is to the dorsal part of the crista, this position being 

probably the result of the attachment of the mscularis process of 

the quadrate to the trabecula. In all Anurathe orbito-nasal fora- 

men pierces the capsule where the pterygoid unites to the trabecula. 

Anterior to the junction of the pterygoid to the cranial. wall, 

@ process extends anteriorly, partially covering the nasal organs. 

This is the ethmo-palatine of Parker or the planum terminale of 

Gaupp. Further, this process gives rise to two bars which bear simi. 

lar relations to the nasal organs throughout the order. Winslow call 

these bars, the ventral and dorsal processes, and they may be readil 

compared to the oblique cartilage and the solum anterius of both Bufo 

and Rana, although they are mch shorter in the latter forms. In bot 

Pipa and Bufo, the oblique cartilage(the dorsal process in Pipa) 
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passes dorsally and anteriorly over the main nasal sac to connect 

with the nasal tectum or lateral expansion of the septum nasi; while 

the ventral process passes beneath the organ of Jacobson to connect 

with the alinasal process which supports the anterior end of the na- 

Sal sac. The ventral process is the recurrent trabecula of Parker 

which develops from the internasal plate much as the cornu trabeculae 

of the Urodeles, so that. the solum anterius of Bufo may be the homolo 

gue of the Urodelan cornu. 

In my last stage of Rana, the planum terminale of Gaupp's young- 

er stage, becomes the anterior maxillary process. It has now separ- 

ated from the oblique cartilage which terminates bluntly near the la- 

teral margin of the tectum. Further, the ventral process is not con- 

nected with the more posterior structures, but persists as a small 

eartilage just ventral to the superior prenasal process, and is now 

termed the crista subnasalis, 

Superior and inferior prenasal cartilages as such are not pres- 

ent in Pipa, and yet the free tip of the alinasal cartilage which is 

Separated from the anterior end of the dorsal process by @ crescent- 

Shaped groove(naris), may be the homologue of a superior prenasal 

process which is directed ventrally in Bufo. Further, it does not 

violate probability to assume that the pre-palatine spur (Parker) in 

Pipa may be the homologue of the inferior prenasal cartilage of the 

Phaneroglossa. 

The nasal tectum and solum nasale are evidently an additional 

erowth in the Phaneroglossa. In Pipa there is a slight evidence of 

a tectum in the posterior parts and since the tectum nasale of Rana 

develops anteriorly from the ethmoid plate, it is possible that the 

lateral expansions from the dorsal margin of the septum nasi in Pips 
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may be the beginning of a capsular roof, 

“fhe planum ethmoidalis in Pipa is horizontal, and as in Urodeles 

very slightly concave dorsally for the olfactory lobes. In the 

Phaneroglossa, the ethmoid plate of authors, is a vertical partition 

f completely separating the nasal region from the cavum cranii. -.It is 

pierced by the olfactory nerves which leave the brain from its anter-# 

ior margin in Bufo and Rana, but more ventrally in Pipa. From its 

lateral margin, the ethmoid plate unites with the pars plana, which 

in all Anura has fused to the pterygoquadrate arch. 

Although the nasal capsules of the Aglossa appear at first sight 

very different from those of the Phaneroglossa, yet many homologies 

exist. The pterygoquadrate arch, planum terminale, oblique cartilagep 

Solum anterius and alinasal process are common to all Anura; but the | 

complete nasal tectum and solum nasale are additional characters of 

the Phaneroglossa. 
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Discussion. 

The certilaginous nasal capsule of the Amphibia mst have been 

ct derived from that of some lower vertebrate, be it Dipnoan or be it 

Crossopterygian, and that in turn from the Elasmobranch. so fs 

four knowledge goes, the Elasmobranch capsule is e continuous cartilag 

anous Structure with no gaps or openings except that for the naris Uli 

end the small foramina for the passage of nerves. The Amphibian 

on the other hand, apsule, has interruptions in its walls. Some 

Of these are due to the fact tha ar 

asel region and thus do away with the necessity of the persistence 

Of protecting cartilages in certain places. spome are caused by the 

development of a complete olfactory duct with its choana in ad Oy ou = cr pp. oO 5S 

to the naris. 

Within the clase of Amphibia there are many difference a9) 2 o ch ce (©) @ rt 

the capsules, caus ed by differences in the size and shapes 

covering bones, by the changes in development and shape of the orgen 

Jacobson, the modifications of the lacrimal duct, as weil as by 

the differences in the size and shape of the olfactory sac. It 

follows therefore that in the history of the Amphibian capsule two 

Stages should be recognized, one a progressive process in which the 

Capsule is built up, a repetition of the ancestral (piscine) history; 
- 

he Second in which this capsule is reduced and changed into the 

form. 

In following these two stages we are hampered in our conclusions 

that we have no accurate and detailed account of the 

of the capsule in any fish and especially in those groups 

niversally recognized as ancestral. Neither Parker nor Sewert- 

iveayy details of the development of the #lasmobranch capsule 
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which can be used in this connection. 

laboratory of the development of the capsule in Acanthias. only go 

me far enough to show that it consists, when it first is recognizable, 

of a rudimentary floor and an even more incomplete roof, and that 

these arise independently of the trabeculae or other cranial elements 

The foregoing studies show that in those forms where the devel- oO 

opment has been followed with any detail from one stage to another 

that there is first a progressive development, apparently tending 

pS toward the formation of a complete capsule like thet of the adult 

Elasmobranech. Then alterations accur, largely desenerative in 

character which result in the partial reduction of floor and roof. 

These pregressive changes are well exemplified in Necturus where, 

even’ in the adult, the capsule is more nearly entire than in any 

other genus, a condition which can be explained on the supposition 

that Necturus is to be regarded, not as more primitive than other 
i 

genera of Urodeles, but as'a permanent larva, a view which has had 

considerable support in recent years. 

In Amblystoma, as detailed in the foregoing pages, this history 

is Carried farther. There is first a progressive development tending§ 

toward @ complete capsule, but never approaching completeness as 

nearly as does Necturus, , a Then comes a resorption of 

parts and a modification of those which persist (fig. 10.), result- 

we in lerge wacuities in floor and roof of the capsule. These 

Steps are detailed above and the final result is an envelope for the 

Im the history of the capsules in ell of the Amphibia the follo 

uv abeculae are united in the 
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"ethmoid' region by what Gaupp and others have called an internasa 

plate. This, 12es, below the. tip' of the brain and is the ‘ethmoid 

of Winslow and of the foregoing description of the Urodele 

apsule. in front of this internasal plate the trabeculae continue, 

as the trabecular cornua, e tip af the, olfactory orgeny In 

Several Urodeles (the history has not been followed 

sufficient detail to say whether the same holds for 

lcartilage, the columna ethmoidalis, arises on the upper media 

the olfactory sac and lies parallel to the (lower) trabecula, 

By lateral growth this extends over the dorsal surface 

Sac; forming the lamina cribosa of Winslow and Terry, 

have used this name it is herdly necessary to 

homologous with the structure bearing the same name in 

wholly dorsal to the olfactory nerve. Tectum nasalis 

better name for it, or even ectethmoidal cartilage. 

Pe | 
u In many forms,both Urodele and Anuran, the columnee of the two 

Sides are connected by a plate which roofs the fenest ethmoidali 

be connected to the floor 

septum nasi, thu 

roof and septum form the plate Anura which Gaupp has called 

the planum ethmoidalis. 

The last special element entering into the 

capsule is the antorbital process which needs a 

discussion. In’ the Urodeles a process is given off 

side of each trabecula; it extends forward and forms a part of 

lateral wall and floor of the capsule. This has almost universally 

been called the aiberbited process. The larva of Cryptobranchus 

L Shows what it really is. my second stage of this animal the 
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antorbital process of the Urodele 2l part, -the anterior 

t end of the pterygoquadrate, while anterior portion is. a new 

| formation. That this interpretation. is correct is supported by all 

of the Anura that I have studied. 

In my earlier stages of Salamandra (in which there is no connect 

. 

ion at any stage between the tip of the pterygoid process and the 

structures farther forward) the antorbital process is developed and 

extends forward beneath. the nasal capsule, but as yet it is un- 

eonnected distally with any.other cartilage. Just dorsal to the 

base of the process bo qphthalmic profundus and superficialis 

nerves pass forward into the capsular region. Thus the antorbital 

iseventral» to.these nerves. In the oldest 

this genus the roof of the capsule (lamina 

back so that its posterior margin overlies the 

While’ between the lamina and the antorbital there is a very 

gap. In other genera, both Urodele and Amuran, t Same nerves pass 

through a small foramen in the region which, he Anura, is 

Gaupp's pars plana. Clearly it follows that 

composite of a ventral antorbitsal and 

the capsule. 

Pipa, Bufo an@ Rana the pterygoid joins the 

anterior part of the cranium, Jistal portion being nearly 

Pieht ansles with the axis of > sk At the anterior side, 

at the bend of the pterygoid a process ex nds. forward, forming 

postero-lateral wall of the olfactory structures. This 

anterior maxillary process of Gaupp, the antero-lat 

of Parker. In Pipa, Bufo, and (according to Ganpp ) 

pout the time of the end of metamorphosis, 
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which can be no other than the end of the antorbital, is joined, ei- 

ther in front (Rana, Bufo) or on its ventral surface (Pipa) by the 

posterior end of the oblique cartilage, the region of the junction 

forming a plate which Gaupp has called by the rather inappropriate 

name of planwm terminale, a part of the external wall of the capsule. 

In front this planum terminele fuses with another bar, the ven- 

tral process of Winslow, the recurrent trabecula of Parker. This be 

extends forward to the tip of the snout, giving off the alinasal pro- 

eess from its upper anterior surface while in front it bears the. su- 

perior prenasal process like a spur. Both the oblique cartilage 

and this ventral bear are very short in Bufo, their length and slen- 

derness progressing in Pipa. I have nothing decisive as to my belief 

that either the alinasal process or the ventral bar are to be regard- 

ed as a derivative of the cornu trabeculae. 
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Comparisons between Urodela and Anura. 

fhe ‘grouping of the recent Amphibia into three orders, by 

Muller ('32), the Gymnophiona, Urodela, and Anura is borne out by a 

study of the nasal capsules; and although homologies can be drawn 

f between the Structures, yet the capsules of these three orders are 

considerably different. 

Among the Urodeles, with one or two exceptions, all larvae dev- 

elop a compact nasal capsule well enclosing the nasal structures; but 

in the adult, as shown by both Plethodon and Amblystoma (fig 28,and10 

and according to Born in the adult Triton, large vacuities occur in 

the roof and floor of the capsule. On the other hand the Anure pos- 

Sess no such regressive development. In Bufo and Rana there is @ pro- 

gressive chondrification which results in a compact nasal capsule of 

the adult devoid of any large vacuities, such as occur in the Urodel- 

es. In other words, the Anura have retained the ancestral piscine 

character even into the adult stage; while the Urodeles, only in the 

larval period, reveal that ancestral condition. The Gymnophione is 

neither Urodelan nor Anuran in this respect. In both of my stages of 

Epicrium,(and in this I agree with Pet er) the nasal capsule ha 

eral large gaps exposing the sensory structures upon all sides. 

this respect, the Gymnophiona resemble the larvae of the Urodeles and} 

more especially Amphiuma in which the nasal organs are greatly expos-f 

ed, even in my oldest stage. 

In both Urodeles and Anura, the development of the capsule up to 

a certain point is identical. In both, the trabeculae fuse in the 

median line to form the internasal or ethmoid plate, and then contin- 

we anterior to it as the cornua. Also, the ethmoidal columns oSver ee 
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in connection with this median plate, md by medial growths form the 

Septum nasi. The further development of the Urodelan capsule is a 

growth of structures already formed; while in Rana, Gaupp has deserib 

ed several independent chondrifications. According to Parker, 

| ventral process in Pipa is the recurrent trabecula or the cornu trab- 

eculae of Urodeles; so that the solum anterius of Bufo, with which 

we have homologized the ventral process in Pipa, may be compared to 

the Urodelan cornu trabecula. 

In the Gymnophiona, I have no evidence of an ethmoidal column, 

neither does the development of the capsule agree with that of 

Urodele or Anuran. In the presence of dorsal and ventral trabecular 

bars,they differ from any other Amphibian, 

this order mst be bie removed from the other groups. 

a 

As stated above, all Anura have retained the primitive condit- 

ion of the pterygoquadrate arch. With the exception of Ranodon and 

the larval Cryptobranchus, the pterygoquadrate bar in the Urodeles 

does not reach the nasal region, although in oe and some other 

it closely approaches it. At the place in the Amura, where the ptery 

goid process joins the trabecula, all Urodeles have an antorbital 

process, which, as shown by Cryptobranchus, is partially pterygoida 

in character. The anterior part of the antorbital process is an 

additional growth, and is the probable homologue of the Anuran plan- 

um terminale or anterior maxillary p ss The lamina cribos 

Urodeles is the pars plana of Anura, and both arise by 

th of the ethmoidal colum. This homology appears the more exact 

when we consider that the nerves of the nasal region enter the cap- 

sules of both groups through an orbito-nasal foramen which lies be- 
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tween the antorbital(pterygoid) and lamina cribosa(pars plana). 

In Epicrium, the forward extension of the pterygoid reaches a 

condition almost Anuran. There is no functional antorbital process 

but in its stead is a small bar of cartilage lying parallel to the 

ventral trabecula. Just posterior to this bar is the anterior end 

of the pterygoid process, and I am inclined to believe that these 

Structures are in the process of resorption, and are gradually de- 

parting from ancestral conditions. 

Gymnophiona and Urodela have neither a nasal tectum nor a solum 

nasale, so that in the adult stages the sensory organs rest upon 

membranous structures. On the other hand, the Phaneroglossal cap- 

‘sule has a well chondrified roof and floor, and adequate protection 

for she nasal SACS « 

The relation of the central nervous system to the nasal organs 

is quite different in these groups. Among the Urodela, and especial- 

Sensory parts, the forebrain lies lateral to the choanal region on- 

ly« On the other hand, in the Anura, cartilage completely separate 

the sensory parts from the forebrain, which lies entirely posterior 

to the nasal sacS.e 





The earliest classification of Amphibia did not include extinct 

With recent forms, largely because of the uncertainty of the 

atic position of the fossils, which were regarded by some as 

ke was not until 1854 that Vost stated that Archeosaurus and 

Labyrinthodonts are Amphibians, and not Both Owen 

and Haeckel ('66) were among the first to propose a clessifi 

tO include both extinct and recent Amphibia. 

since these earlier days most zoologists divide the class into 

four orders: the Anura, Urodela, Gymnophiona, and Stegocephala. 

There have been, few variations in the subdivisions in the Anurea and 

. a] 

ithe Gymnophiona, but with regard to the Urodeles ideas have differed 

+7 at greatly. Some would recognize only Salamandrina and Ichthyoidia, 

while more commonly the tendency has been to subdivide the group into 

Perénnibranchs, Derotremes and Salamandrina, accordingly as external | 

Bills persist through life, as gill clefts remain permanently open 

or, in Salamandrina, as the animalsundergo a complete metamorphosis 

losing external gills and gill clefts. 

Strauch ('70) divided the Urodeles into two suborders, the 

Salamandrida and the Iththyoidea. The bases o 

were the presence or absence of eyes and 

the palatal teeth and the permanence of 

subdivided into two groups accordin 

+“ 
arrangement of the palatal teeth. Those Urodeles in which these 

formed diverging rows upon the inner margin of the palatine were 

grouped into the Mecodonta; while the Lechriodonta included those 

n which the palatal teeth form converging rows along the 
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posterior margin of the palatine. 

The Mecodonta embraces six genera, of which Salamandra, 

and Diemictylus include those species I have studied; while in 

Lechriodonta are thirteen genera represented in this study by An- 

blystoma, Plethodon and Spelerpes. 

The Ichthyoidea are divided into two groups, the Cryptobranchi- 

ata and the Phanerobranchiata, according to persistence of 
> (=) Bs 

i 
] elefts or gills. Cryptobranchus, Menopoma, and Amphiuma belong 

the first group; while Necturus, Proteus and Siren are included 

the second. 

The nasal capsules, would support a classification of the Urodel 

es similar to that of Strauch. In the foregoing pages, I have include 

spelerpes, Plethodon and Amblyst oma ( part of the Lechriodonta of 

Strauch ) in a group descended from the primitive Crypt 

while Salamandra, Triton and Diemictylus (the Mecodonta of Strauch) 

are included in a group connected with the main line of Urodeles 

through some form like Spelerpes. I have regarded Cryptobranchus 

as primitive, and Amphiuma as closely related to it, although not 

in the main line of descent. Strauch has grouped Necturus and Pro-~ 

teus as the Phanerobranchiata, and more distantly related to Crypto- 

branchus; while I have regarded There as a permanent larva of some} 

Spelerpes-like form. I have not studied Proteus, but have placed 

Necturus in a separate group in keeping with the later Perennibranch- 

jata classification. 

Aecordingly, on the basis of the nasal capsules, I would adhere 

to the classification of Urodeles into three suborders, the Perenni- 

branchiata, Derotrema, and Salamandrina. The Salamandrina may be 

ivided into two groups, and, following Strauch, the terms Mecodonta 
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and Lechriodonta may be retained. 

Cope('85) misled by a supposed ethmoid bone in Amphiuma placed 

the Gymnophiona into a family of the Urodela; in which he was later 

Supportéd.by the Sarasins('90). Kingsley('02) definitely determined 

| the position of the Caecilians, which are now regardadlas a distinct 

| order and which probably separated from the other Amphibia back in 

the early Carboniferous period. The nasal capsule of Epicrium fully 

bears out this conclusion, 

The Anuran capsules are readily separated into two groups 

which agree with the established classification into the suborders 

Aglossa and Phaneroglossa. Cope's subdivision of the latter into 

Arcifera and Firmisternia is not so readily recognized in the nasal 

capsules of my material, although there are more resemblances between} 

the capsules of Bufo and Hyla, than of either with that of Rana. 
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Amphibian Ancestry. 

The Amphibians appear, as Stegocephals, in the Carboniferous 

period, and although at first they are considerably diversified, 

there is not known a single trace of any Tetrapodous vertebrate in 

the Devonian with the sole exception of a single footprint from 

Pennsylvania. In the Devonian and somewhat earlier fishes belong- 

ing both to the Dipnoi and to the Crossopterygian ganoids o¢eeur and 

both of these piscine groups have been invoked by various 

as the ancestors of the Amphibia, possibly the tendency of the evi- 

dence at present favoring the Crossopterygians. 

All of the amphibians of the carboniferous, with the possible 

exception of Pelion, were caudate. Moodie, the latest to study these 

ancient forms, is inclined to regard Micrerpeton, a small Salamandra-{ 

like form, as representing the ancestors of the modern groups with 

Necturus aS an annectant genus. He bases this conclusion upon the 

4 

he form of vertebrae and ribs, the pecul- resemblances of the skull, t 

jarities of the lateral line system, and the presence in both of 

"ventral scutellations", a view which closely resembles the earlier 

ideas of Cope. 

But it would seem as if Moodie was leaning upon a weak reed 

4. 
in invoking ventral scutellations as an argument, no matter what 

view one may take with regard to the other points of resemblance. 

It is well known that many of the Stegocephals had ventral scutes, 

plates or bars upon the ventral surface of the body, but the univer-~ 

Sal view is that these structures were purely dermal, belonging like 

scales of fishes, to the skin. Moodie cites Wilder as stating that 

Necturus had small cartilages in the ventral region, and apparently 

he regards these as the homologues of the ventral armor of eee 
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als. But there are very important differences between the two. 

Most students have regarded the gastralia of Sphenodon and the 

Crocodilia as derivatives from the plates and bars of the Stegoceph- 

ais. These latter are also suggested as forming the elements from 

which the clavicles of the higher vertebrates are derived. In 

Sphenodon, Osawa on the one hand, and Howes and Swinnerton on the 

Other, the gastralia are stated to develop without any cartilage ba-~ 

sis, and, with the single exception of Schneider, no one has ascrib- 

ed any cartilage stage for the gastralia of the alligators and croco-= 

diles. In short, the great bulk of the evidence goes to show that 

these so-called abdominal ribs are dermal elements withouteany cart- 

ilage stage. 

Wilder explicitly states that the cartilages he describes in 

the ventral surface of Necturus lie in the myocommata; that is, en- 

tirely deeper than the skin. He compares them to sternal elements. 

Hence it would appear that other evidence than these intermuscula 

cartilages must be brought forward to support his thesis. 

~ 
i According to Moodie, | icrerpeton has well developed nasals, pre-{ 

frontals and elongate maxillaries, all of which are lacking in Nec- 

turus. Now if Necturus is to represent the ancestors of the modern 

Urodeles in which these same elements are present, we have the airri-[ 

culty of explaining how these bones disappeared from the line of des- 

eent and then were reformed in the later generations, 

Cope regarded Necturus as primitive because it 

called an intercalary bone in the skull, an element 

recognized in the Stegocephals. But Kingsbury('05) 

least in Necturus, Cope's intercalary was the caudal extension of thef 

opisthotic. 
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Nothing is lmown of the cartilaginous nasal capsules of 

Stegocephala so that no comparison can be made between those of 

Necturus and Micrerpeton. However the camplete isolation of the 

Necturan capsule and its wide separation from that of other Urodeles 

)is certainly one argument against an ancestral position of this 

Urodele. Furthermore the absence of maxillaries, nasals, and pre- 

frontals in Necturus is one of the arguments of Kingsbury ('05) in 

of the nasal capsule suggests. 

Moodie ('16, p.24) says, "The condition found in the skull of 

regarding Necturus as a permanent larva, a concluson which a study 

Cryptobranchus alleghaniensis will represent pretty accurately the 

condition of most of the Coal Measures Amphibia." Further than this 

no emphasis is laid upon the primitive condition of Cryptobranchus. 

because of the simplicity of the nasal capsule, the persis- However, 

tance of the pterygoquardate arch, and also because of the manner 

and time of the ossification of the skull, I am inclined to regard 

Crytobranchus as more pr: imitive. In the derotrematous conditibmn 

Of the gill clefts, Cryptobranchus and Amphiuma both resemble 

Sotegocephalon conditions. 

As a study of the nasal capsules suggests, the Urodeles and 

Anure. are widely separéted from each other. Fossil Anura occur in 

a an excellent state of preservation as far back as the Tertiary. 

Earlier than this all fossil forms are caudate in character with the 

i 

| 

| 
exception of a Single specimen, Pelion lyelli, found in the Carbon- | 

iferous, which elosely resembles recent Salientia. Should Pelion | 

be regarded as a primitive Anuran, then the Urodeles and the Anura i) Bs a Ff ° 

have probably separated from the Stegocephalon ancester as far 

(as the late Devonian or early Carboniferous .period. 
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Abbreviations Used. 

al.p., alary process. 

GeM.Pe, Anterior maxillary process. 

GeNeCe, alinasal cartilage. 

AgPe, antorbital process. 

cupola. 

cavum cranil. 

columna ethmoidalis. 

cephalic process. 

choana. 

cavum inferius. 

cavum medium. 

caudal process. 

ecircumnarial ring. 

erista subnasalis. 

Grete, erista trabeculae. 

cavum superius. 

cornu trabecula. 

dorsal process. 

ethmoid bone. 

G«D., ethmoidal bridge. 

e.n., external naris. 

6.n.eg., external nasal glands, 

-fen.eth.,fenestra ethmoidalis. 

Ten.i.c., iy infra-conchalis. 

fensNn., Ly nar ina. 

fen.n.b., nm. naso-basalis. 

| fen. pr. fenestrated process. | 
i 
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foramen nasalis externus. 

foramen 

foramen 

foramen 

frontal 

foramen ramus frontalis. 

branch of superficialis. 

intermaxillary gland. 

Detlef « internal nasal gland, 

eT) «Gis internasal space. 

internasal plate. 

inferior prenasal cartilage. 

intra-trabecular notch. 

Jacobson's glands, 

Jacobson's organes 

lamina cribosa. 

labial cartilage. 

lacrimal duct. 

maxillary bone. 

median nasal incisure. 

median nasal process. 

muscularis process of the 

nasal bone. 

nasal orgen. 

obligue cartilage. 

olfactory lobe. 

olfactory nerve. 

Oca « ; dorsal root of olfactory nerve. 
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ventral root of olfactory nerve. 

O.0e0<, optic organe 

es profundus nerve of the Fifth. 

WeG a, planum ethmoidalis. 

prefrontal bone. 

premaxillary bone. 

pterygoid process. 

Display. pars plana. 

parasphenoid. 

planum terminale. 

quadrate e 

quadrato=-ethmoidalis process. 

rostrum. 

solum anterius. 

Biss superficialis nerve of the Wifth. 

super ior labial cartilage. 

septum nasi. 

solum nasale. 

S.p.Ce, superior prenasal cartilage. 

Tieiy trabecula. 

trabecular extension. 

+eetum nasale. 

eee trabecular ridge. 

vomer . 

ventrel process. 
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Explanation of Plates. 

The following listed figures are drawings of wax reconstructions 

of the nasal capsules of the different animals’ studied. 

L -- Amblystoma punctatum; 11 mm. long, dorsal view. 

2 v w 19 W u 

3 £5 

PA Side view . 

dorsal view. 

ventral 

’ 

the end of metamorphosis. 

Sbalamandra maculata mm. long, dorsal view. 

WwW W yr W Tt Li YW 
? o 

the end of metamorphosis. 

28 mm. long, dorsal view. 

adult stage, : y 

long, dorsal view. o%9 

ai W YY 
9 e 

wpelerpes bilineatus > mm. long, dorsal view. 

Ww ai ai 

" ; 7 S206 VEewEs 

_ 

Cryptobranchus alleghaniensis; two weeks old,sidevie 

= " two months old,dorsal view 

three " " ,ventral viewd 



a a vy! a tha 

slr losset .: cel ca 2h eR aie iene 

a ‘ * He 7. te =< 
* 

-% 
we 

9 * | a 
7 co * 5 

. . ‘i : i bp as >) 

- « » Ms j : al * am 

« t ; 2 5 ” 1 «<a 

: : ‘ : . a= ¥ 

- a rl * ' 
« - i - . 4 : hod % ; 

, a @ 

b t ‘ ; ' 7 = g 

: 7 : ” oo Fa aes Or 

- t ~ + .oiy Luutoh .piiok ste O87 pte oP Ae 

e 

sfodeeu «0 38? 



115 

Necturus maculatus; 25 mm. long, dorsal view. 

ad WT 40 v Ww wt 

; 45 WY 

Plethodon erythronotus; young adult, dorsal view. 

Amphiuma means; younger larva, ~dorsal view. 

bs older PS .. ventral * 

: 82 mm, long, dorsal view . 

um glutinosus; younger larva, dorsal view. 

W ; 90 mm. long, : phe 

americana; dorsal view. 

% ; ventral viewe 

americana; 9 mm. body length, dorsal view. 

> ; posterior view of anterior half of 

capsule. 

pickeringii; adult, dorsal view. 

hg s Side view. » 

28 mm. total length, dorsal view. 

adult, dorsal view. 

en ,» Side view . 

The following listed figures are drawings of sec 

ethmoidal region of the different animals. studied. 

Fig. 41 -- Section through the anterior part of 

of Amblystoma punctatum, 13 mm. long. 

42 -- Section through the middle region of the nasel organ 

of the same animal. 



ci i 

ed ef 
‘ ‘iy 

” abt a on 

We Pai Se Q Ww? jantqnest ogee. 

i. | THWivoy 

< able 

\ <2 SS = . | 

Qkaet 3 aaah eal autaki + | 7 ; 

* ot a 
> 

jonaoh toms aged ?- 

ards at 

seo Ltn otal ao'6 

Ad 

We - 

abit: L¢ ALE u- 

=, 

wOitiv omg as 

me va wll grtive Lead oat, i 

ihe 0 20 gotgee Kokhomtna : 
ue ef 

ww nmol / vet ‘ 4 per om cy ey ra a i nf > 

de 4 cacduetieh to 
i 4 a S tome? coirvoall oo & 

* LS a! {Yi whe” ant? “4 



116 

Section through the ehoanal region of the 19 mm An- 

blystoma punctatum. 

Section through the anterior part of the 25 mm. Am- 

plystoma punctatum. 

section just anterior to the septum nasi of the 55mn. 

anblystoma punctatum. 

Section through the septum nasi of the 55 mm. Amblys- 

toma punctatum. 

section through the septum-nasi of an Amblystomal 

larva at the end of metamorphosis. 

section just anterior to the septum nasi of the same 

animal, through the fenestra infra-conchalis. 

section through the anterior part of the nasal cap- 

sule of Salamandra maculata, 25 mm. long. 

rection through the choanal region’ of a 25 

mandra maculata. 

Section through the septum nasi of a 38 mn. Salaman- 

dra maculata; passing through the fenestra ethmoidalig 

Section through the posterior region of the nasal 

capsule of Salamandra maculata, at the end 

morphosis. 

section just anterior to the ethmoid plate 

tylus viridescens, 38 mm. long. 

nection through the anterior region of the 

Sules of Diemictylus viridescens, 38 mm. long. 

section just anterior to the planum ethmoidalis of 

‘the adult Diemictylus viridescens. 
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section through the septum nasi of Triton cristatus 

28 mm. long. 

Section through the planum ethmoidalis of Triton 

eristatus, 55 mm. tages 

Section through the planum ethmoidalis of Crypto- 

branchus alleghaniensis, two months old. 

section through the anterior end of Spelerpes bilin- 

eatus, 15 mm. long. 

section just anterior to planum ethmoidalis of Spel- 

erpes bilineatus, 57 mm. long. 

Section in the same region as above of Spelerpes 

bilineatus 46 mm. long. 

section through the choanal region of Plethodon 

erythronotus. 

Sseetion just anterior to the planum ethmoidalis 

Plethodon erythronotus. 

ff ht Section through the anterior part of the planum 

moidalis of Necturus maculatus, 30 mm. long. 

section through the posterior part of 

ed capsule of Necturus maculatus, 45 mm. long. 

tT WT WT Ww 

nosus, 90 mm, long. 

pection through the planum ethmoidalis 

glutinosus, 90 mm. long. 

pection through the septum nasi of the 

uma means. 
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Section just anterior to the septum nasi of the 82 

mn. Amphiuma means. 

Section through the planum ethmoidalis of Amphiuma 

means 82 mm, long. 

pection through the posterior part of the planum 

moidalis of Pipa americana. 

Section through the anterior part of the planum eth- 

moidalis of Pipa americana. 

Section through the middle region of the orgen of 

Jacobson of Pipa americana. 

section through the choanal region of Pipa americanea.f§ 

section through the external naris of thé adult 

Hyla pickeringii. 

section just posterior to the external naris 

adult Hyla pickeringii. 

section through the planum terminale of Hyla. 

section through the choanal region of Bufo americana 

9 mm. long, body length. 

pection through the planum terminale of Bufo. 

section through the fenestra naso-basalis 

. externel naris of Bufo. 

muscularis process of the quad- 

rate of Rana viridescens, 28 mm. long. 

Section through the anterior part of the choanal 

region of Rans viridescens, £8 mm. long. 
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