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DISTRIBUTION OF THE LYMPHATICS IN THE TAIL 

REGION OF SCORPANICHTHYS MARMORATUS 

WILLIAM F. ALLEN 

From the Herzstein Laboratory of the University of California, New Monterey, 

California 

TWELVE FIGURES 

INTRODUCTION 

This paper is a continuation of an earlier study. Since 

Scorpzenichthys differs notably in several important details from 

any of the many forms described by Favaro in his most compre- 

hensive work it seems desirable to complete the distribution of 

this system of vessels in this specialized species. 

Material and method of procedure.—Scorpenichthys marmora- 

tus, on which all the dissections were made, is one of the common 

rockfish found all along the Pacific coast. The tails of Scorpeenich- 

thys which were to be injected were severed a little anterior of 

the caudal peduncle, and were so arranged in a pan that the cut 

end was considerably higher than the tail end. The caudal artery 

was then injected with a carmine gelatin mass, after which the 

subcutaneous or lymphatic canals were filled with a Berlin blue 

gelatin mass or in one or two cases, with India ink, from the longi- 

tudinal neural trunk. In order to somewhat check up the work 

microscopically, the small tide pool cottid, Clinocottus analis, 

a closely related species, was sectioned. As with Scorpanznich- 

thys the tails of full grown adults were severed transversely a 

little anterior of the caudal peduncle; when they were killed, fixed, 

and macerated in Tellyesniczky’s potassium bichromate-acetic 

mixture for a period of about two weeks; after which they were 

embedded in paraffin, cut 10 microns, stained in Heidenhain’s 
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~ WILLIAM F. ALLEN 

iron heematoxylin, and counter stained in a concentrated alcoholic 

solution of orange G plus a little acid fuchsin. Some microscopic 

observations were also made on the tail of a living Phanerodon 

atripes (viviparous perch) embryo. This study was made at the 

Herzstein Marine Laboratory of the University of California, 

New Monterey, California. 

Literature.—In addition to the bibliographical lists given in 

my previous papers several important works have come to my 

notice; among which Favaro’s monograph is of special interest. 

In this the author gives a detailed description of the distribu- 

tion of the subcutaneous vessels in the tail region of a great num- 

ber of species from Petromyzon to the most specialized of the 

Teleostomi. Furthermore he gives the development of these 

vessels in Acanthias vulgaris, Torpedo ocellata, Belone acus, and 

Squalius cavedanus. In the Cyclostomes, Selachians, and Aci- 

penser sturio they are portrayed as veins; while in the Teleosts 

they are represented as lymphatics, Favaro considering the lym- 

phatie system of the Teleosts as phylogenetically derived from 

the corresponding subcutaneous veins of the lower orders of 

fishes. In fig. 156 the gradual evolution of the vasa intermedia 
of the Selachians to the longitudinal hemal lymphatic trunk of 

the Teleosts is graphically shown. With Belone acus, Favaro 

finds an embryonic condition in the hemal canal comparable 

to the vasa intermedia of the Selachians. The following is a trans- 

lation of the last paragraph of Favaro’s paper, which is a concise 

summary of the authors conclusions. “‘Beyond (cephalad) the 

heart, likewise certain lymphatics, as for example the hemal, 

and indirectly to a certain extent the others, are derived from 

the embryonal venous system so that it is possible in fishes to 
recognize the close relationship, not only phylogenetic, but on- 

togenetic as well, between the lymphatic and venous systems.” 

If frequent reference to this most excellent work was not to be 

made later, much more would be quoted here. 

By a most unfortunate circumstance no note of Favaro’s mono- 

graph was made in my last paper, although it appeared some time 

prior to may publication. It is true I saw notice of Favaro’s 

work in the Bibliographia Zoélogica, and placed an order for it 



LYMPHATICS IN TAIL REGION, SCORPAANICHTHYS 3 

with an European firm. It did not, however, arrive until after 

my paper appeared, and I was unable to gain access to another 

copy. 
A year earlier Favaro published a most interesting paper on 

the caudal heart of the eel, and as was the case with the previous 

mentioned paper I was unable to gain access to this until quite 

recently. The author finds the caudal heart of the eel to be a 

lymphatic heart situated at the posterior end of the last vertebra 

and to consist of two cavities. As I had long suspected the 

first, the atrium cordis caudalis is said to be in communication 

anteriorly with the longitudinal hemal trunk, tronco linfatico 

subvertebrale, and posteriorly with the trunk from the tail. Both 

openings are guarded by valves opening into the atrium. The 

atrium is connected mesad with the second cavity, ventriculus 

cordis caudalis, the orifice being guarded by valves opening into 

the ventricle, and anteriorly the ventricle empties into the caudal 

vein, the orifice, likewise having valves opening into the vein. 

Kellicott in his monograph on the vascular system of Ceratodus 

does not allude to the lymphatics or subcutaneous system further 

than to say that a pair of well developed lateral cutaneous veins 

are found beneath the skin at a level with the lateral line. Poster- 

iorly they are said to anastomose with the caudal vein and an- 

teriorly they open into the subscapular veins. Kellicott likens 

these veins throughout to the lateral cutaneous veins of Mustelus 

as described by Parker. 
The recent studies of Sabin, Lewis, Huntington and McClure, 

Hoyer, Knower, Baetjer, Heuer and Clark on the ontogeny of the 

lymphatic system concede that the primary or deep seated lym- 

phatics arise as sacs or hearts from transformed veins, and that 

the superficial or secondary lymphatic system originates from an 

endothelial sprouting from these sacs or hearts. Sala while 

admitting the derivation of the lymphatic hearts or sacs in the 

chick from the veins still holds to the old view that the ducts are 

formed from the mesenchyme cells. Marcus states that the 

segmental lymphatic hearts in the snake-like Amphibian, Hypo- 
geophis, are formed from the ccelom or body cavity epithelium and 

not from veins. 



4 WILLIAM F. ALLEN 

Concerning the phylogeny of the lymphatics, Favaro and I 

have shown that considerable anatomical data supports the hypo- 

thesis that the lymphatic system of the higher or more special- 

ized orders of fishes have their homologue in veins in the lower or 

more generalized orders of fishes. 

BLOOD-VASCULAR SUPPLY FOR THE TAIL-REGION 

To avoid confusion it may be well to consider first the distri- 

bution of the blood vessels before taking up the lymphatics. 

Caudal artery.—As in other fishes the caudal artery in Scor- 

peenichthys (figs. 4, 5, 7-10, C.A.) traverses the haemal canal di- 

rectly below the centra. This trunk was also seen in nearly all 

the transverse sections of Clinocottus. In these sections it should 
not, however, be confused with the minor caudal artery with 

which it runs parallel and is a branch. Beneath the last verte- 
bra the caudal artery separates into a major and a minor fork. 

Sometimes the main stem is the left fork, but more often it is the 
right. The minor stem (figs. 9 and 10, R.C.A.) supplies the 

musculature of the side of the fin; while the major stem or caudal 

artery proper (figs. 4-8, 10, and 11, C.A.) continues caudad in the 

space between the two hypural bones to the posterior ends of 
these bones, where it bifurcates to form a dorsal and a ventral 

caudal fin artery. Immediately behind the last vertebra the 
posterior neural artery (figs. 6 and 7, P.Newu.A.) is given off from 

the major stem of the caudal artery to pass dorsad in a median 
line, a little in front of the superior hypural bone. In the speci- 

men from which fig. 7 was drawn it passed across the base of the 

left. side of the superior hypural and along the left side of the 
last interspinal bones to break up in a deep network in the con- 
nective tissue covering these bones, but in most of the other dis- 
sections it had a similar course on the opposite or right side. A 
little caudad of the last vertebra a pair of hypural arteries (figs. 
4-7, Hyp.A.) are sent off to either side of the superior hypural 

bone, which they cross obliquely and break up in a capillary net 

work on the posterior and dorsal surfaces of the bone. These 

arteries may have arisen from the fusion of several of the embry- 
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onic neural arteries and if so should be considered as the posterior 

neural arteries instead of the hypural arteries. In the Clinocottus 

series the posterior neural artery was noticed, but the hypurals 
were not observed. 

The course of the caudal fin arteries (figs. 4-6, and 8, C.F.A.’ 

and C.F.A.’’) is either dorsad or ventrad in the basal canal of the 

caudal fin.! In the transverse series of Clinocottus the division 

of the caudal artery into the caudal fin arteries was clearly seen, 

and in fig. 11 the forking of the caudal artery in a 30 mm. Phane 

rodon embryo is shown. In Scorpzenichthys, Clinocottus, and 

Phanerodon a small branch, the caudal fin ray artery (figs. 4, 8, 

and 11, C.R.A.) is given off to the center of each ray. In Scor- 
penichthys and Clinocottus after continuing caudad a short 

distance in the center of a ray this artery forks, one branch passing 

along the dorsal surface of the ray and the other along the ven- 

tral surface, each giving off a network, to the ray and to the fin 

ray membrane. In the 30 mm. Phanerodon embryo (fig. 11) the 

first ventral caudal ray artery forked as they all do in Scorpzn- 

ichthys, but the remaining ones did not bifurcate within the rays; 

those from the dorsal half of the fin traverse the dorsal surfaces of 

the rays, and those from the ventral half of the fin, excepting the 

first, pass along the ventral surfaces of the rays. In the living 

Phanerodon embryo the red corpuscles could be clearly seen leav- 

ing these arteries to enter a network of capillaries in the fin niem- 

brane, and become collected on the opposite side by the caudal 

Tay vein. 

Minor caudal artery. (Figs. 5-8, 10, and 12, C.A.q)).—In the 

caudal peduncle region of Scorpzenichthys and in all sections of 

Clnocottus this vessel was found running parallel with the caudal 

artery, sometimes lying to the side, and again below it. At fre- 

quent intervals this artery gives off branches (fig. 10, C.A’.;)), 
which cross the lower surface of the caudal artery. Often these 

branches have as great a caliber as the main stem, and so far as 

‘ 
1 The basal canal of the caudal fin is a canal formed at the base of the caudal 

fin at the point where the two halves of the caudal rays separate to become attached 

to the hypural bones. This canal would therefore pass dorso-ventrad through the 

proximal ends of the caudal rays. 
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could be ascertained they were destined to supply the blood vessels 

of the hemal canal. For their branches were observed going to 

and breaking up on the surfaces of the caudal and intersegmental 

arteries. In the dissection from which fig. 10 was drawn the main 

stem of the minor caudal artery ran along the right side of the 

caudal artery to the fifth vertebra from the last, when it crossed 

to the opposite side and continued caudad on the left side of the 

caudal artery to the end of the last vertebra, where it bent dorsad 

with the caudal artery to the interval between the two hypural 

bones. In the single specimen in which the origin of the minor 

caudal artery was traced, it was found to branch off from the left 

side of the dorsal aorta a few millimeters cephalad of the pos- 
terior end of the kidney. The main stem passed caudad along 

the left side of the aorta from which a short branch was given off 

cephalad. Shortly after leaving the body cavity the minor cau- 

dal artery bends to the ventral surface of the caudal artery where 

it separates into two forks of about equal size, the main stem trav- 

eling caudad on the right side of the caudal artery and the minor 

stem onthe left. Beside the capillary branching to the blood ves- 

sels, as mentioned above, there are frequent cross branches be- 

tween these two stems of the minor caudal artery, producing 

a ladder-like appearance. In some dissections of Scorpzenichtys, 

as in fig. 5, the minor caudal artery in traversing the hypural inter- 

val was situated ventrad of the caudal artery, but in other dis- 
sections of Scorpeenichthys and in the Clinocottus series, as shown 

in figs. 7 and 8, the minor caudal artery traveled for the most 

part dorsad of the caudal artery. In both Scorpzenichthys and 

Clinocottus the minor caudal artery divides into a dorsal and a 
ventral minor caudal fin artery (fig., 8 C.F.A.’q) and C.F.A.’’q)). 
As a rule these branches traverse the basal canal of the fin with, 

but caudad of, the corresponding caudal fin arteries, and like them, 

‘send off a branch, the minor caudal ray artery (fig. 8, C.R.A.a)). 

These minor branches always fork before the caudal ray arteries 

do, and like them follow the dorsal and ,ventral surfaces of each 

ray, but so far as could be determined they did not extend caudad 
of the intrinsic muscles of the caudal fin. They appear, however, 

to furnish the principle supply for these muscles; while the cau- 
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dal fin ray arteries supply the fin rays and the membrane connect- 

ing them. 

Favaro describes the minor caudal artery in numerous species 

as the arteria o arteriae longitudinales vasorum intermediorum. 

His fig. 156 graphically shows the evolution of this vessel. In 

Squalus it is represented simply as branches from the segmental 

arteries, which anastomose with the vasa intermedia. In Raja 

they also have their origin from branches of the segmental arter- 
ies, but run caudad in the hemal canal for a short distance before 

anastomosing with the vasa intermedia. In Acipenser they like- 

wise arise from the segmental arteries and anastomose with the 

vasa intermedia, and moreover by continuing in the hemal canal 

to anastomose with the successive segmental arteries they form 

a continuous trunk which runs parallel with the caudal artery 

and the vasa intermedia, and at regular intervals, between the 

intersegmental arteries it sends off anastomosing branches to the 

vasa intermedia; while in the Teleosts the arrangement is identi- 

cal to Acipenser, except that the direct connections of the vasa 

intermedia or longitudinal hemal lymphatic trunk with the cau- 

dal vein are lost. 

As stated above in Scorpzenichthys no connections with the 

intersegmental arteries were observed; hence the minor caudal 

artery in this species is still further differentiated ; for it is simply a 

vessel arising from the aorta and passing caudad with it to the tail. 

Caudal vein (figs. 3-6, 9 and 12, C.V.). In Scorpenichthys 

and Clinocottus, as in other fishes, this vein traverses the hamal 

canal immediately below the caudal and the minor caudal arteries. 
When distended its caliber is much greater than the artery, while 
its walls are much thinner. Unlike Lepisosteus (p. 51) it does 

not expand under the last vertebra in a sinus (Sinus venous cau- 
dalis of Favaro). As represented in Ophiodon elongatus (p. 107) 

the caudal vein of Scorpzenichthys and Clinocottus bifurcates 

below the last vertebra into a right and a left branch, which are 

of different lengths and different relative importance. Some- 

times the main stem is the right branch, but more often it is the 

left; while in one instance they were of equal lengths and import- 

ance. 
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The minor fork of the caudal vein (figs. 3, 6, and 9, R.C.V.) 

curves up around the right posterior side of the last vertebra in 

front of the main stem of the caudal artery. When the median 

line is reached, it usually divides; one branch passes laterad to the 

periphery, and the other goes caudad a short distance between 

the superficial and deep muscles of the caudal fin. In one dis- 

section the minor fork of the caudal vein equaled the major fork 
in length and in caliber. It continued caudad to the caudal fin, 

where it penetrated the ventral basal canal of the caudal fin, and 
collected the blood from that half of the fin; while the blood from 

the dorsal half of the fin was collected by the other or main fork 

of the caudal vein. 

The main fork of the caudal vein or the caudal vein proper 

(figs. 4-5, C.V., and figs. 3 and 9, L.C.V.) passes up the opposite 
and usually the left posterior side of the last vertebra to the me- 

dian line; where it receives the posterior neural vein (figs.4 and 5, 
P.Neu.V.), which in curving around to the dorsal side of the 

superior hypural bone crosses directly mesad of the posterior 

portion of the lateral trunk, to eventually follow up the left side 

of the last neural spines. Meanwhile the main stem continues 

caudad between the fascia or superficial muscles and the deep 

muscles of the caudal fin. In its course between these muscles 

it runs parallel with and mesad to the caudal fin nerve, and re- 

ceives branches from these muscles. At the base of the tail this 

vein takes a position quite close to the periphery, in fact, it trav- 

els for some little distance directly mesad of the posterior por- 
tion of the lateral lymphatic trunk, but never communicates 

with the same. It then bends mesad to enter the basal canal of 

the caudal fin, where it soon separates into the dorsal and ven- 
tral caudal fin veins (figs. 4-6, and 11, C.F.V.’ and C.F.V.”). 
In Scorpeenichthys the bifurcation of the main trunk of the caudal 

vein occurs usually anterior to that of the caudal artery, nerve, or 

the caudal lymphatic trunk, and for the most part the caudal fin 

veins lie anterior to the other vessels in the basal canal of the fin. 

In the Phanerodon embryo (fig. 11) the caudal artery forked at 

the base of the tail before the caudal vein did, and the caudal 

fin veins were posterior in position to the caudal fin arteries in the 
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basal canal of the fin; while in the Clinocottus series the order of 

bifurcation was: first the minor acudal artery, then the caudal 

artery, the caudal vein, and finally the caudal lymphatic trunk. 

With Scorpzenichthys both caudal fin veins receive numerous 

caudal ray veins (fig. 4, C.R.V.) from the caudal rays. Their 

arrangement, however, is not so regular as the caudal ray arteries. 

For example, the first of the dorsal caudal ray veins (see fig. 4) 

in addition to receiving a branch from the dorsal and ventral 

surface of the first dorsal caudal ray collects a third branch which 

traverses the ventral surface of the second dorsal caudal ray; 

while the second dorsal caudal ray vein takes its source solely 

from one stem, which passes along the dorsal surface of the sec- 

ond dorsal caudal ray vein. These veins collect the capillary 

networks from the fin membranes and from the rays themselves. 

The veins arising from the intrinsic muscles of the caudal fin empty 

separately into both lateral sides of the caudal fin veins. 
In the Clinocottus series I was unable to trace the main caudal 

vein much beyond its branching in the basal canal of the tail, 

and no caudal ray veins were seen unless the caudal ray canals 

(fig. 3, C.R.T.) function both for lymphatics and veins. Pos- 
sibly the injection method would have revealed caudal ray veins 

emptying into the caudal fin veins. Since, the caudal ray arteries 

and canals are distinctly visible in all the sections through the 
rays, one could hardly claim the section method faulty for not 

showing these vessels. 
As stated above, the caudal fin veins in a 30 mm. Phanerodon 

lie posterior to the caudal fin arteries in traveling through the 

basal canal of the tail. Only one caudal ray vein (fig. 11, C.R.V.) 

was observed coming from a caudal ray. Those from the dorsal 

half of the fin ran along the ventral side of the rays; while those 

from the ventral half of the fin followed along the dorsal surface 

of the rays. With the exception of the first ventral caudal ray 

vein, none of these vessels forked; this vein, however, divided, one 

branch came from the dorsal side of the second ventral caudal ray, 

and the other from the dorsal surface of the third ventral ray. 

The vascular supply for the caudal fin of a young Phanerodon 

embryo is therefore very simple. An artery traverses one side 
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of a ray, while a vein follows along the opposite side of the ad- 

jacent ray. In the membrane connecting these two rays there 

is a network of capillaries, through which one could readily trace 

corpuscles going from the caudal ray arteries to the caudal ray 

veins. 

Vogt in Salmo, Hyrtl in Esox ( = Lucius) and Leuciscus, Emery 

in Fierasfer, Parker in Mustelus, Hopkins in Amia { =Amiatus), 

and Vogt and Yung in Perea did not trace the caudal vein further 

caudal than the last vertebra, that is to the caudal sinus. Jones . 

(p.676) describes the great vein in the tail of the eel as being formed 

from two branches, a larger and a smaller. The larger stem is 

said to receive the venous radicals from the terminal parts of the 

tail: while the smaller stem collects the venous radicals from the 

dorsal part of the tail, and near the junction with the former it 

receives the caudal heart. Sappey (p. 46; pl. xi, fig. 6 and pl. 

xii, fig. 3) finds that the caudal vein in the carp and pike arises 

from a dorsal or superior and a ventral or inferior branch in the 

base of the fin. At the level of the last vertebra they unite to 

again divide into a right and left branches, which reunite at the 

end of the last vertebra in forming the caudal vein. Shortly 

before anastomosing, each of the above branches are said to re- 

ceive a papilla from the lateral lymphatic trunk. According 

to McKenzie the venous system of Amiurus catus takes its origin 

in the tail from two vessels of unequal size. Silvester (p. 109) 

describes and figures the caudal vein in the tile-fish as having 

its source from two branches from the caudal fin. Favaro in 

numerous Teleosts notes practically the same arrangement as 

described above for Scorpeenichthys. In most species he rep- 
resents the caudal vein as beginning as a sinus, sinus venosus 

caudalis, under the last vertera, which not only receives the vein 

from the tail, but also the caudal lymphatic sinus, ventriculus 

cordis caudalis. 

Intersegmental or intercostal vessels. (Figs. 4 and 4a, Neu. A., 

Neu.V., H@.A., and He.V.; figs. 9 and 10, Neu. and L.A., Neu. and 

L.V.,L.A.,L.V.,H@.A.,and He.V.).—Apparently these blood ves- 
sels are practically the same in all species of Ganoids and Teleosts. 
They are destined to supply the body musculature, the vertebral 
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column, the myelon, all of the fins except the caudal, and the con- 

nective tissue surrounding the vertebral column, the body muscles, 

and the periphery. Ordinarily, as shown in fig. 9, below each ver- 

tebra, two lateral branches and one ventral branch are given off 

or received by the longitudinal blood vessels of the haemal canal. 

One of the lateral branches is a vein and the other is an artery; 

while half of the ventral branches are arteries and half are veins, 

there being an artery for each alternate vertebra and a vein for 

the intermediate alternate vertebrae. Upon examining fig. 9 

from cephalad to caudad it will be seen that the arteries and veins 

alternately shift from one side to the other. For example, under 

vertebra numbered 14 the artery passes to the right side and the 

vein to the left; while under vertebra numbered 13 the artery goes 

to the left and the vein to the right. Furthermore, all of the ar- 

teries which pass in a lateral direction, upon leaving the hemal 

canal curve around to the side of the centra; where one-half of 

them, the lateral arteries (fig. 9, L.A.), follow the intermuscular 

septa laterad to the periphery, and the other half (fig. 9, Neu. and 

L.A.) bifureate; one branch, the lateral arteries (figs. 4 and 4a, 

L.A.), follow the intermuscular septa laterad to the periphery, 

and the other branch, the neural arteries (figs. 4 and 4a, New.A.) 

pass dorsad along the neural spines to the periphery. The same 

correlation occurs with the veins that pass in a lateral direction; 

one-half of them (fig. 9, L.V.) to trace backward, simply pass 

laterad to the periphery; while the other half, (fig. 9, New. and 

L.V.) to trace backward, bifurcate, one branch (fig. 4a, L.V.) 

going lateral to the periphery, and the other (fig 4a, Neu. V.) 
dorsad to the periphery. The arrangement of the ventral 

branches of the hzemal trunks is less complicated. Below one 

centrum an artery (figs. 9 and 4a, H@.A.) passes ventrad along 

its heemal spine to the periphery, and from under the next ver- 

tebra to trace backward a vein (figs 9 and 4a, He. V.), passes 

ventrad along the hemal spine to the periphery, and so on, the 

veins alternating with the arteries. 

The outcome of this complex arrangement is, that each alter- 

nate dorsal intermuscular septum receives a neural artery, and 

from every intermedian dorsal intermuscular septa there comes 
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a neural vein. Likewise each alternate ventral intermuscular 

septum receives a hemal artery, and from every intermediate 

ventral septa there comes a hemal vein. Furthermore each 

alternate lateral intermuscular septum receives a lateral artery, 

and from every intermedian septa there comes a lateral vein. 

A glance at fig. 9 demonstrates that one intermuscular septum 

does not, however, possess a neural, heemal, and two lateral arter- 

ies, but, on the contrary, that septum may receive, as shown oppo- 

site vertebra numbered 9 in fig. 9, a neural, a lateral, and a heemal 

vein and a lateral artery; while the intermuscular septum opposite 

vertebra numbered 8 in the same figure has a neural, a lateral 

and a hemal artery and a lateral vein. Occasionally, however, 

some irregularities may occur, as for example, opposite verte- 

bra numbered 10 in fig. 9 and under the posterior vertebra. 

Of the two classes of arteries arising from the side of the caudal 

artery, those designated as lateral arteries (figs. 9 and 10, L.A.; 

indicated but not lettered in fig. 4), after leaving the hemal 

canal, curve around to the side of the centra, where each bends at 

right angles to pass laterad in the intermuscular septum. When 

about half way between the vertebra and the skin it divides into 

a dorsal and a ventral branch. In their course these branches 

supply the myotome in front and the one behind, and upon arriv- 

ing at the surface, above and below the lateral lymphatic trunk 

they usually follow dorsad or ventrad a short distance on the sur- 

face of the intermuscular septum to give off branches to the con- 
nective tissue between the skin and the muscles. 

The other lateral branches of the caudal artery (figs. 4 and 4a, 

Neu.A.,; figs. 9 and 10, New. and L.A.) are larger and more im- 

portant vessels. Like the lateral arteries described above they 

curve around to the side of the centra; where each separates into 

a lateral and a neural artery. The former (figs. 4 and 4a, L.A.) 

is identical to the lateral artery described above, and the latter 
(figs. 4 and 4a, Neu. A.) curves around to the dorsal side of the 

vertebra, where it follows up along the anterior surface of the 
corresponding neural spine. In crossing the vertebra it gives 

off a myelonal artery, which presumably passes through the spinal 

nerve formamen, to supply the myelon or the spinal cord; this 
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point, however, was not determined for a certainty. At the apex of 

the neural spine a dorsal lateral artery (figs. 4a, D.L.A.) is sent off 

lateral along the intermuscular septum to the periphery, supply- 

ing the dorsal portion of the two adjacent myotomes. At this 

point the neural artery makes a cephalic bend to cross the bases 

of the depressor and levator muscles of the adjacent dorsal! ray. 

After which it takes another turn to pass dorsad between this 

levator muscle and the next depressor muscle to the level of ex- 

trinsic muscles of the dorsal fin; where it divides into an anterior 
and a posterior branch. The main stem and these branches sup- 

ply the intrinsic and extrinsic muscles mentioned above, and also 

send off two dorsal ray arteries (fig. 4a, D.R.A.), which follow 

up the posterior side of their respective rays, supplying each and 

their fin membrane. 

The ventral branches of the caudal artery or the hemal arter- 
ies (figs. 4, 4a, 9 and 10, He. A.) after leaving the hemal canal 

pursue a similar course ventrad to that of the neural arteries dor- 

sad. At the apex of each hemal spine a ventral lateral artery 

(figs. 4, 4a, V.L.A.) is given off to the periphery. It passes 
along the intermuscular septum, between two myotomes, supply- 

ing each. The main stem of the hemal artery crosses a depres- 

sor and a levator muscle of the adjacent anal ray, and then con- 

tinues ventrad to the extrinsic muscles of the anal fin between the 

above levator muscle and the next depressor muscle. Like the 

corresponding neural trunks upon reaching the extrinsic muscles 

it separates into an anterior and a posterior branch, which sup- 

plies the extrinsic muscles and the levator and two depressor 

muscles, and sends off two anal ray arteries (figs. 4a, A.R.A.) to 

the posterior surfaces of two rays, supplying them and their fin 
membrane. 

Intersegmental or intercostal veins. (Figs.4 and 4a, Neu. and He. 

V. fig. 9, New. and L.V.; L.V., and He. V.).—The arrangement 

and distribution of these veins is identically the same as the cor- 

responding arteries, with this difference that they lie in the inter- 

mediate alternate intermuscular septa and terminate in the cau- 

dal vein. So that the above description of the distribution of the 

neural, hemal, lateral, dorsal or ventral lateral, and the dorsal 



14 WILLIAM F. ALLEN 

or anal ray arteries would apply equally well to the distribution 

of the corresponding neural, hemal, lateral, dorsal or ventral 

lateral, and the dorsal or anal ray veins (figs. 4, 4a, 9 and 10, 

Neu. V., He.V.; L.V.,. Di Vay sand DV): 

In general with the primitive fishes, Cyclostomes and Sela- 

chians, but one kind of intersegmental artery or vein is portrayed 

by Mayer and Favaro. It is represented as forking immediately 

after leaving the hzemal canal into a dorsal or neural and a ven- 

tral or hemal vessel; both of which send out numerous branches _ 

to the muscles, and a mesal branch to the spinal cord. In some 

eases, however, the hamal or ventral vessels may arise from or 

empty into the main longitudinal trunks. In the Ganoid Lepisos- 

teus (p. 52) these intersegmental vessels: were found to be practi- 

eally the same as described above for Scorpzenichthys. With the 

Teleosts, Vogt, Sappey, Me.Kenzie, Vogt and Yung, and Favaro 

found the neural and hemal vessels to be entirely separated, aris- 

ing or emptying directly into the caudal artery or the caudal vein. 

They, however, portrayed incorrectly a neural and a hemal artery 

and a neural and a hemal vein for each intermuscular septum. 

Silvester, however, described the correct relationship of these 

vessels in the tile-fish. 

LYMPHATICS OF THE TAIL 

A transverse section, as shown by fig. 12, through the caudal 

peduncle of Scorpzenichthys or Clinocottus severs six great longi- 
tudinal lymphatic canals. Four of which are superficial or sub- 

cutaneous, namely, the dorsal, ventral, and lateral lymphatic 

trunks , and two are deep seated, namely, the longitudinal neural 

and heemal lymphatic trunks. These lymphatic trunks collect 

superficial and: deep networks, which are decidedly lymphatic 

in the character of their meshes, from all tissues that are supplied 

with blood vessels. So far as could be determined these lymphatic 

canals had no connection with the blood vessels, either capillary, 

or direct with the caudal vein.2. Nevertheless, as will be noted in 

* In an earlier paper on the lymphatics of the head region of Scorpznichthys it 

was erroneously stated that the combined trunks formed by the union of the longi- 
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detail later on, the lymphatics came into close touch with the 

caudal vein, but did not anastomose. Furthermore an injection 
of the longitudinal neural trunk often fills the caudal vein, and 

conversely an injection of either the caudal artery or vein often 

fills the entire lymphatic system. These occurrences I attribute 

to an extravasation of the injection mass through the thin walls 

separating these vessels rather than to a direct communication. 

SUBCUTANEOUS SYSTEM 

Lateral subcutaneous lymphatic trunks. (Figs. 1-2, 4-7, and 12, 

L.T.).—<As in other fishes these two trunks in Ophiodon, Scor- 

peenichthys, and Clinocottus travel parallel with the lateral line, 

directly within the skin, in the tough connective tissue sheath 

that binds the dorsal half of the great lateral muscle to the ventral 

portion. Its position is clearly portrayed in fig. 12, L.7. A 

transverse section of this canal in an adult Scorpzenichthys shows 
its walls to be composed mostly of fibrous tissue, containing a few 

smooth muscle fibers, and a peculiar papilla-like endothelial lin- 

ing. Furthermore in consideration of the enoromous caliber of 

this trunk it contained relatively very few corpuscles; strange to 

say the red greatly outnumbered the white, the ratio in the field 

examined being 26 to 4. The anterior termination of this trunk 

was given in detail in an earlier paper (p. 51). When about 

opposite the last vertebra its course becomes deeper (region drawn 

in outline in figs. 1 and 2), and here it receives or is continuous 

with a posterior lateral trunk or a posterior portion of the lateral 

trunk, resulting in the formation of the profundus lateral trunk 

or the profundus portion of the lateral trunk, which passes mesad 

to unite with its fellow trunk forming the longitudinal neural 

lymphatic trunk. 

tudinal neural and the lateral lymphatic trunks discharged their contents into the 

right and left forks of the caudal vein. The cause of this error was due to the fact 

that before a careful study of the tail region had been made, the posterior neural 

vein was taken to be a lymphatic vessel, and in crossing under the posterior por- 

tion of the lateral lymphatic trunk close to its union with the anterior portion 

it was thought to anastomose with the former. 
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The posterior portion of the lateral trunk (figs. 1-3, 4-7, 

L.1T'.4)) takes its origin from a conspicuous network on the fascia 

(figs. 1 and 2, F.) and from the intrinsic muscles of the caudal fin. 

In crossing the fascia it makes a slight ventral bend, and is dis- 

tinetly a superficial vessel. It receives a prominent dorsal branch 

and one or two ventral branches. In Ophiodon there is a notice- 

able fan-shaped network (fig. 2, Net.) between this dorsal branch 

and the mainstem. Also at the base of the tail in Ophiodon there 

is a mesal connection (fig. 2, L.7'.(3)), which joins a swelling of the - 

caudal trunk, designated as the posterior caudal sinus. This 

communication was clearly shown in an earlier paper (pl. 1, fig. 7). 

The same relationship is likewise found in Clinocottus (fig. 3, 

L.T..3)). Nothing of the kind, however, was found at the base of 

the tail in Scorpeenichthys. In its place a branch of the caudal 

artery was seen going to the periphery. 

What is designated as the profundus or transverse portion of 

the lateral lymphatic trunk (figs. 4-7, L.7'.@)), namely, the 
trunk formed by the union of the main stem and the posterior 

portion of the lateral trunk, passes mesad to the posterior 

lateral surface of the last centrum, where it bends dorsad in front 

or behind the posterior neural blood vessels, to anastomose with 

its fellow trunk on the opposite side, thus forming the source of 

the great longitudinal neural lymphatic trunk. At some point 
in its course it receives the posterior neural lymphatic trunk (figs. 

4-7, P.Neu.T.), which to trace backward, travels dorsad, par- 

allel with the corresponding blood vessel. On the side of the ver- 

tebral column from which a posterior neural vein has its course 
(figs. 4 and 5) this posterior neural trunk runs along the anterior 
surface of the vein, and terminates in the corresponding profundus 

portion of the lateral trunk at the point where the latter anasto- 

moses with its fellow to form the longitudinal neural lymphatic 

trunk. On the opposite side of the vertebral column, that is, 
where the posterior neural trunk follows along a posterior neural 

artery (figs. 6 and 7), the lymphatic vessel traverses the posterior 
surface of the artery, and after crossing the artery it culminates 

in the profundus portion of the lateral trunk at the point of its 

dorsal bend on the surface of the last centrum. On one side, but 
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not usually on both, as shown in figs. 4, 6 and 7, there is a com- 

munication between either the posterior neural lymphatic trunk 

or the profundus portion of the lateral trunk and the caudal) lym- 

phatic trunk. In several dissections of Scorpzenichthys and in 

all the Clinocottus series the profundus portion of the lateral 

trunk spreads out in a sinus on the side of the last centrum, which 

for the most part extends cephalad and ventrad. In a few dis- 

sections of Scorpzenichthys this sinus extended to the center of 

the next to the last centrum, where it sent off a lateral communi- 

cation to the lateral lymphatic trunk. In these dissections of 

Scorpenichthys the ventral prolongation of this smus comes into 

such close touch with a fork of the caudal vein that it might be 
taken to anastomose with it, but such is not the case. In the 

Clinocottus series from which fig. 3 was reconstructed this sinus 

was seen to pass between the last vertebra and the left caudal 

vein, being separated from the vein by a single thin layer. In an- 

other Clinocottus series in one section, this thin layer was torn 

in such a manner as to give the appearance of the lymphatic 

vessel emptying into the vein, and the orifice being guarded by 

two valves; but in the anterior and posterior sections this layer 

was complete, there being no evidence of any communication; 

nor was any to be found in any of the other series, or in any of 

the dissections of Scorpzenichthys. 

As in other fishes the lateral lymphatic trunk collects a dorsal 

and ventral intermuscular or transverse lymphatic vessel (figs. 

1 and 2, Intm.T.) from every intermuscular septum. These 

vessels are situated superficially directly beneath the ski», in 

the intermuscular speta, and collect a network from the connec- 

tive tissue situated between the myotomes and the skin. In the 

caudal peduncle region they are not continued dorsad or ventrad 

to anastomose with the dorsal and ventral lymphatic trunks as 
they do farther cephalad, but anastomose with two vessels which 

empty into these trunks. 
Except for its caudal ending the distribution of the lateral trunk 

seems to be about the same for all species, but concerning its 

caudal termination there appears to be considerable difference 

in various species, and often for the same species as described by 

different authors. 

THE AMERICAN JOURNAL OF ANATOMY. VOL. 11, NO. 1. 
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Of the older writers who studied this system in fishes, Vogt 

in the case of Salmo is the only author to describe the lateral 

trunk as extending to the caudal fin. In addition to terminating 

in a caudal sinus situated at the end of the last vertebra, he finds 

(pp. 135-6) each trunk extending caudad to the base of the cau- 

dal fin, where it separates into a dorsal and a ventral sinus (pl. 

K; fig. 3, 67), each of which is said to communicate with a cor- 

responding sinus on the opposite side. In the Ganoid, Amia 

(=Amitus), Hopkins found in one specimen that a branch 

(p. 373 and fig. 11, t.) connected a large trunk at the base of the 

tail with the lateral trunk, close to the union of the latter with the 

caudal sinus. No such caudal continuation of the lateral trunk 

was observed in the Ganoid, Lepisosteus. Favaro finds in Tinca 

vulgaris, Esox (=Lucius) lucius, and Coricus rostratus that the 

lateral lymphatic trunk is continued to the tail. In Tinea they 

are represented as anastomosing at the base cf the tail with the 

sinus lymphaticus caudalis, in this relationship agreeing with 

Clinocottus and Ophiodon; while in the other two species no 

anastomosis was recorded, thus agreeing with Scorpzenichthys. 

Hyrtl who also studied Lucius must have overlooked this poste- 

rior continuation of the lateral trunk. In the Dipnoi, Kellicott 

(p. 208) portrays the lateral subcutaneous veins of Ceratodus 

as being similar to the lateral cutaneous veins as described by 

Parker for Mustelus, and posteriorly they are said to anastomose 

with the caudal vein. 
According to Fohmann, Jones, Jossifov, and Favaro there are 

no lateral trunks in the fresh water eel, Anguilla. 

Concerning the termination of the lateral trunk in Selachians, 

Parker (p. 721) notes that the lateral cutaneous vein in Muste- 

lus anastomoses with the dorsal and the caudal veins. Sappey 

(p. 38) finds in Squalus that the lateral lymphatic trunk expands 

into a fibrous sinus that terminates in the caudal vein. Mayer 

(pp. 316-7) describes the vena lateralis as receiving the vena dor- 

salis, and after joining the vena ventralis the latter empties into 
the vena caudalis. 

As for the Ganoids, Hopkins (p. 372) represents each lateral 

lymphatic trunk of Amiatus as terminating under the last verte- 
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bre in a caudal sinus that empties into the caudal vein. In 

Lepisosteus I found in the caudal peduncle region (p. 62, and figs. 

1-5) that the lateral trunk bent mesad, and in anastomosing with 

a hemal trunk, formed a sinus on the vertebral column, desig- 

nated as sinus (x), which opened into a caudal sinus that emptied 

into the caudal vein. 

Regarding the Teleosts, Hyrtl (pp. 233-5, and figs. 1-5) and 

Vogt (pp. 135-6, and pl. K; figs. 3-5, 66) found in Lucius, Leucis- 

cus, and Salmo that each lateral lymphatic trunk terminated be- 

hind the last vertebra in a caudal sinus. The former observed 

that the caudal sinus received the longitudinal neural lymphatic 

trunk in addition, and both found these sinuses to empty into the 

caudal vein. Likewise Stannius (p. 254) portrayed the lateral 

and the longitudinal neural lymphatic trunks as ending in a cau- 

dal sinus, which emptied into the caudal vein. Trois (pp. 5, 9, 

20-22, 39, 51-2) described in great detail the distribution of the 

lateral trunks in Lophius piscatorius, Uranoscopus scaber, and in 

several of the Pleuronectide, but concerning the caudal ending, 

has nothing to add to Hyrtl’s description. Sappey (pp. 46-7; 

pl. xi, figs. 4-5, and pl. xii, fig. 2) represented each lateral trunk 

in the carp and pike as terminating in papilla opposite the last 

vertebra, which communicates with a fork of the caudal vein. 

Taking Tinca vulgaris as a type, Favaro (pp. 182-6, and fig. 84) 

portrays an entirely different termination of the lateral lymphatic 

trunk than has been observed beforein Teleosts. He finds them to 

end in two caudal sinuses, one situated behind the last vertebra, de- 

signated as the atrium cordis caudalis, and the other situated at 

the base of the tail, the sinus lymphaticus caudalis, which through 

the medium of the caudal lymphatic trunk communicates with 

the former sinus. The atrium is said to be connected mesad with 

a parallel sinus, the ventriculus cordis caudalis, which discharges 

its contents into a swelling of the caudal vein, the sinus venosus 

caudalis. With Lucius lucius, Favaro’s representation (pp. 198-9 

and fig. 107) of the ending of the lateral lymphatic trunk is quite 

different from his type described above and from Sappey’s de- 

scription of the same. Here the lateral trunks are continued to 

the tail, but have no communication with the sinus lymphaticus 
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caudalis or the caudal lymphatie trunk. Opposite the last ver- 

tebra the lateral trunks bend mesad, anastomose, and at the point 
of union they receive the longitudinal heemal lymphatic trunk, and 

the combined trunk passes caudad to enter the atrium. The atri- 

um also receives the caudal trunk and communicates mesad with 

the ventricle, which empties into the sinus venosus caudalis of the 

‘-audal vein. In Coricus rostratus, Favaro finds (pp. 208-9, and 

fig. 121) the termination of the lateral trunks more like Scorpzen- 

ichthys than in either of the above species. The lateral trunk is 
prolonged to the caudal fin, but does not anastomose with the 
sinus lymphaticus caudalis (posterior caudal sinus of Scorpeenich, 

thys). As in Scorpenichthys each lateral trunk bends inward, 
receives a fork of the longitudinal neural trunk; but then, con- 

trary to Scorpzenichthys, after anastomosing in the median line 

with its fellow the caudal trunk is received from the rear and the 

combined trunk discharges its contents into the sinus venosus 

caudalis of the caudal vein. 

Dorsal subcutaneous lymphatic trunk. (Figs. 1, 4 and 12, D.T.) 

—In Secorpzenichthys the dorsal lymphatic trunk proper, not 

taking into consideration its posterior continuation, which will 

be described later as the dorsal caudal fin lymphatic trunk, is a 

very inconspicuous vessel compared to what it is in the cephalic 

region or to what it is in the caudal region of other fishes. The 

territory usually drained by this trunk is collected by other can- 

als in Scorpeenichthys, namely the neural lymphatic vessels. In 

no dissection was it possible to trace a continuous dorsal trunk 

from the head to the tail. In an earlier paper (pp. 54—5) a des- 

cription of the anterior portion of this trunk and its cephalic 
ending was given. About all that can be said for a certainty con- 

cerning the posterior portion of the dorsal lymphatic trunk in 

Scorpzenichthys and Clinocottus is that it takes its origin on either 

side of the posterior end of the second dorsal fin. At the extrem- 

ity of the fin the forks fuse to form a single trunk, which continues 

caudad for a short distance along the dorso-median line of the 
caudal peduncle directly below the skin in a tough connective 
tissue sheath that binds the two great lateral muscles together. 
When a short distance from the base of the caudal fin it anasto- 
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moses with both the dorsal caudal fin lymphatic trunk and the 

greatly enlarged next to the last neural lymphatic vessel (fig. 4, 

C.T. «a and Neu. T.«)), and through the latter reaches the longitu- 

dinal neural trunk. In certain portions of the posterior dorsal fin 

two neural lymphatic branches fuse at the base of the fin between 

the extrinsic and intrinsic muscles, forming for a short distance 

an analogous vessel to the lateral dorsal lymphatic trunks of the 

anterior dorsal fin. The structure of this trunk is identical with 

that of the ventral trunk, which will be described in the next 

paragraph. 

Ventral subcutaneous lymphatic trunk. (Figs. 1, 4 and 12, 

V.T.).—This trunk pursues a course along the ventro-median line 

of the caudal peduncle identical with that of the dorsal trunk 

along the dorsal side of the caudal peduncle, and like the dorsal 

trunk it is not a continuous trunk posteriorly. In an earlier 
paper (p. 57) its cephalic course and termination was given. In 

front of the vent it divides into a right and left fork, which pass 
to either side of the vent and can be traced for a short distance 

along the bases of the anal fin, between the extrinsic and intrin- 

sic muscles. In a like manner it arises again from two forks, 

coming from the posterior bases of the anal fin. Immediately 

behind the anal fin these forks unite, forming a single trunk, 

which traverses the ventro-median line of the caudal peduncle, 

directly beneath the skin in a tough fibrous tissue sheath that binds 
the two great lateral muscles together. Near the base of the cau- 

dal fin it anastomoses with both the ventral caudal fin lymphatic 

trunk and the posterior heemal lymphatic trunk or the two last 

hemal lymphatic trunks (fig. 4, C.7.~) and He.T.) and «@)), 
and through the latter reach the longitudinal hemal lymphatic 
trunk. 

A transverse section through the ventral trunk of an adult 

Scorpenichthys presents the appearance of a large cavity within 

the ventral intermuscular septum, which consists of a mass of 

fibrous tissue; the ventral portion of which is the inner layer of the 

skin, and here the fibers have a tendency to run in one direction 

and to form bundles. The inner layer is endothelium, within 

which there are but few corpuscles; the red, however, greatly 

predominate over the white, in a ratio of about 4 to 1. 
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Caudal Lymphatic trunks.—Of these vessels, those coming from 

the basal canal of the caudal fin, namely, the dorsal and ventral 

caudal fin lymphatic trunks (figs. 3-7, C.7’. a) ana «)) are very large 

and important vessels occupying most of the space in this canal, 

and for a considerable distance they run parallel to correspond- 

ine blood vessels and nerves. In the median line the dorsal and 

ventral trunks anastomose, and the trunk thus formed extends 

cephalad a short distance between the posterior ends of the 

hypural bones, where it expands into a small sinus, designated as 

the posterior caudal sinus. As previously stated the dorsal caudal 

lymphatic trunk unites with the dorsal lymphatic trunk a little 

anterior of the base of the caudal fin, and at the point of union 

they are joined by a greatly enlarged neural trunk (fig.4, Neu.T (1) 

which occupies a large part of the space between the neural spines 

of the third and fourth vertebre from the last, and terminates 

in the longitudinal neural lymphatic trunk opposite the third 

vertebra from the last. A similar arrangement is found in con- 

nection with the ventral caudal fin lymphatic trunk, which together 

with the ventral lymphatic trunk fuse as shown in fig. 4 with the 

last two hemal lymphatic trunks (H@.7. @) ana 2). Possibly 

_ amore correct rendering of these relationships would be to con- 

sider the next to the last neural trunk (fig. 4, Neu.7.)), and the 

last two hemal trunks (figs. 4, H@.7. 4) ana 2) aS continuations 

of the dorsal and ventral caudal fin lymphatic trunks, which 

empty directly into the longitudinal neural and hemal lymphatic 

trunks. With this interpretation the dorsal lymphatic trunk 

would be said to empty into the dorsal caudal fin lymphatic trunk, 

and the ventral lymphatic trunk into the ventral caudal fin lym- 

phatie trunk. 

Throughout their course through the basal canal of the caudal 

fin both caudal fin lymphatic trunks receive numerous caudal ray 

lymphatic trunks (figs. 3-5, and 7, C.R.T'.) ; two of which traverse 

the dorsal and ventral surfaces of each caudal ray. They collect 
a rather course network, decidedly lymphatic, in the character 

of its meshes, and which so far as could be determined had no 

connections with the arterial system, from the fin membrane con- 
necting two rays. Ordinarily, especially in the extreme dorsal 
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and ventral portion of the fin, two caudal ray lymphatic vessels 

from adjacent rays would anastomose a short distance from the 

basal canal of the caudal fin, and the combined trunk would term- 

inate in the caudal fin lymphatic trunk. Toward the center of 

the fin, as shown in figs. 5 and 7 where this region was dissected 

out more carefully than in fig. 4 what at first appeared to be a 

continuous caudal fin trunk is in reality composed of several diver- 

ticula into which several of the caudal ray trunks emptied. One 

of these, as shown in fig. 5, is continued so as to empty directly 

into the posterior caudal sinus. 

Posterior caudal sinus. (Figs. 3-7, C.S.)—The sinus so named 

can hardly be compared to the paired caudal sinuses of Lepisos- 

teus (p. 67 and figs. 1-7, R.aand L.C.S.) and other fishes, which 

are situated behind the last vertebra, collect the lymph from the 

tail region and eject it into the caudal vein, but is evidently 

homologous to what Favaro (p. 184 and fig. 84) describes and fig- 

ures as the sinus lymphaticus caudalis in Tinea vulgaris; for in 

this fish he also describes and figures a paired caudal lymphatie 

heart situated behind the last vertebra consisting of two cavities, 

designated as the atrium cordis caudalis and the ventriculus cor- 

dis caudalis. While these caudal hearts or sinuses as described 
in Tinca have somewhat different connections than are found in 

Lepisosteus and other fishes, still they have much in common and 
must be homologous. In Clinocottus the so-called posterior caudal 

sinus (fig. 3, C.S.) is partially paired throughout most of its length 

and each reservoir is In communication with the posterior por- 

tion of a lateral lymphatic trunk. With Scorpznichthys most 
diligent search was made to find a connection between the pos- 

terior portion of the lateral trunk and the posterior caudal sinus, 

but none was found. A branch of the caudal artery is given off 

to the periphery, which should not be confused with the above 

mentioned lymphatic connection. In the anterior end of the 

posterior caudal sinus there are at least two orifices into which 

the caudal lymphatic trunks open. 

These trunks (figs. 4-7, C.7.) are very slender and delicate 

vessels in Scorpzenichthys, which occupy most of the space be- 

tween the caudal artery and the hypural bones. Upon reaching 
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the last vertebra the ventral stem after receiving a communica- 

tion from the dorsal stem, enters the heemal canal with the caudal 

and the minor caudal arteries to form the beginning of the 

longitudinal hemal lymphatic trunk. Near the last vertebra the 

dorsal stem of the caudal lymphatic trunk receives two hypural 

lymphatic vessels (figs. 4-7, Hyp.T.) coming from either side of 

the superior hypural bone, which follow the course of their cor- 

responding arteries, often nearly surrounding them, and each 
collects a parallel network from the dorsal and posterior lateral. 

surfaces of the superior hypural bone, which is continuous with a 

similar network that is gathered by the posterior neural lymphatic 

vessel. It should be noted, however, that no vein was seen col- 

lecting the arterial network from the superior hypural bone, and 

it may be that the so-called hypural lymphatic trunk receives 

this network. Still, however, no connections were found between 

the arterial network and the lymphatic network; they ran parallel 

to each other, and appeared to be two separate systems. On one 

side of the superior hypural bone, but seldom on both, there is an 

interlinking lymphatic canal (figs. 4, 6, and 7) connecting the 

dorsal stem of the caudal trunk with either profundus portion 

of the lateral lymphatic trunk or the posterior neural lympha- 

tic trunk. 

Concerning the distribution and caudal ending of the dorsal, 

ventral, and caudal lymphatic trunks in the tail region as des- 

cribed by different authors there is great variation. In many 

species the posterior portions of the dorsal and ventral subcu- 

taneous trunks are large and important canals, and in place of the 

small caudal lymphatic trunks between the hypural bones as was 
described for Scorpzenichthys there are large paired caudal sinu- 
ses or hearts, which collect the lymph from the entire tail region 

and discharge it directly into the caudal vein. 
In the Selachians, Parker (p. 721) found in Mustelus that the 

posterior ventral cutaneous vein formed loops about the anal fin 
and the cloaca, and posteriorly the lateral cutaneous veins were 
said to anastomose with the dorsal cutaneous and the caudal 

veins. Sappey observed that Squalus (pp. 38-9) possessed a dor- 
sal and a ventral lymphatie trunk. The dorsal trunk was said 
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to have its origin behind the posterior dorsal fin and to encircle 

the bases of both dorsal fins. On the anterior fin a secondary 
elliptical stem (pl. x, fig. 3, 7) is represented as rising from the 

posterior end of these elliptical vessels and after crossing the lat- 

eral surface of the fin terminates in the anterior end of the same 

vessel from which it takes its origin. Mayer (pp. 316-7) states 

that Parker’s description of the caudal ending of these cutaneous 

trunks is insufficient; for he finds that the dorsal vein empties 

into laterals, which in turn join the ventrals, and the latter being 

paired at the origin of the tail soon terminate in the caudal vein. 
Mayer likewise portrayed the dorsal subcutaneous vein (pp. 333-4) 

as encircling the bases of the dorsal fins as vene circulares (pl. 
xvil; fig. 17, vcirc.) At the posterior insertion of the fin, namely 

at the point of division of the dorsal fin, a reservoir of consider- 

able size was formed into which emptied a vena postica, coming 

from the posterior part of the fin, and the vena profunda (pl. 

xvi; figs. 21, 22, and 24, vprof.), which in addition to communicat- 

ing with this sinus also joined the caudal vein. 

With the Ganoids, Hopkins noted with Amiatus that the dorsal 
lymphatic trunk after leaving the dorsal fin separated into two 

branches, which anastomosed with the lateral trunks near their 

termination in the caudal sinuses. The ventral lymphatic trunk 

was portrayed (pp. 372-3 and fig. 11, v.) as beginning as a large 

canal (fig. 11, 0.) at the base of the caudal fin, which in one in- 

stance was said to send off a communicating branch (t) to the 

lateral trunk. As stated previously the lateral lymphatic trunks, 

into which all the lymphatics of the tail region were discharged, 

emptied into two caudal sinuses (fig. 11, s.) which were situated 

below the last vertebre, communicated with each other, and 

culminated in the caudal vein. In an earlier paper I found in 

Lepisosteus that there were two conspicuous caudal sinuses 

situated under the caudal vertebree, which emptied into the caudal 

vein. Posteriorly one of these sinuses received a caudal trunk 

from the caudal fin, which in reality is a continuation of the ven- 
tral subcutaneous trunk through the basal canal of the caudal 

fin. Into each of the caudal sinuses, a sinus disignated as sinus 

(x) emptied its contents. The latter were described and figured 
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as passing along the side of the last vertebrae, where each collected 

a lateral and a longitudinal hemal trunk; and one or the other of 

them. the dorsal subcutaneous trunk. In the tail region of Lep- 

isosteus the dorsal and ventral subcutaneous trunks are enormous 

canals, and contrary to the Selachians they do not divide upon 

reaching the dorsal and anal fins, but pass directly through their 

basal canals and collect branches from their rays. 

In the teleosts Hyrtl and Vogt noted two caudal hearts behind 

the last vertebra in Lucius, Leuciscus, and Salmo, which termi- | 

nated in the caudal vein. Since the dorsal and ventral lymphatic 

trunks were not described they must have been overlooked ‘Trois 

described a dorsal and a ventral lymphatic trunk in Lophius (pp. 

6-8), Uranoscopus (pp. 23-24), and in the Pleuronectide (pp. 

40-41). In Lophius and Uranoscopus these trunks were said to 

trifurcate in the region of the dorsal and the anal fins, one trunk 

passing through the basal canals of the fins and the other two to 

either side, and the median trunk was represented as collecting 

two ray vessels from each ray. Nothing of especial interest 

was said concerning the caudal ending of these trunks, but in 

Uranoscopus, according to fig. 4, the dorsal and ventral lymphatic 

trunks are continued to the tail, where they apparently fuse with 

the longitudinal neural and hemal lymphatic trunks. They com- 

municate superficially with the lateral trunk through the inter- 

muscular vessels, and deeply with the longitudinal neural and 

hemal trunks through the neural and hemal vessels. In all 

these fish Trois portrayed the superficial lymphatic trunks to be 

well developed posteriorly. Sappey (p. 471, and pl. xi, fig. 5, and 

pl. xii, fig. 2) found a somewhat similar arrangement of the dorsal 

and ventral lymphatic trunks of the carp and pike to that of 

Trois for Lophius and Uranoscopus; except that the dorsal and 

ventral trunks in the caudal region are less important canals, for 

they did not extend clear to the tail. In Pleuronectes the dorsal 

and ventral lymphatic trunks were portrayed by Sappey (pp. 

50 and p. xii, fig. 4) as being continued through the basal canal 

of the caudal fin, where they anastomosed and thus formed an 

elliptical trunk about the body, which emptied dorso-cephalad 

in the jugular and ventro-cephalad in the ductus of Cuvier. 
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One of the Teleosts that swims by a snake-like movement, 

namely, the eel (Anguilla) has a pulsating heart in the tail. The 

old view of this -heart as presented by Jones (pp. 676—9 and figs. 

1 and 2) was that it consisted of a single contractle reservoir sit- 

uated near the end of the tail. No lymphatics were portrayed 

as emptying into it, but it was represented as discharging its con- 

tents into the dorsal or minor fork of the caudal vein. In 1905 

Favaro (p. 571, fig. 1) and in 1906 (pp. 157-168, figs. 64, 70 and 
71) sets forth a very different arrangement. He finds this heart 

paired, consisting of an atrium or auricle and a ventricle, which 

communicate with each other mesad. Anteriorly the atrium is 

represented as receiving the longitudinal hemal lymphatic trunk 

and posteriorly the caudal lymphatic trunk, both orifices being 

guarded by valves; while the ventricle has but one opening, 

which is cephalad into the caudal vein, and is likewise guarded 

by valves. This heart is said to possess three tunics, an internal 

one of endothelium, a median of elastic fibers, and an external 

of striated muscles. 

In Tinea vulgaris, Favaro (pp. 181-6 and fig. 84, II) finds an 

arrangement quite similar to the eel. Behind the last vertebra 

on either side of hypural interval there are two caudal sinuses, 

which are connected with each other through this interval. One 

of them the ventricle or ventriculus cordis caudalis opens ante- 

riorly into a swelling of the caudal vein, the sinus venosus caudalis; 

while the atrium or atrium cordis caudalis has two orifices, the 

anterior receives the profundus portions of the lateral trunks and 

the posterior the caudal trunk. The latter trunk arises from a 

sinus, sinus lymphaticus caudalis, situated in the hypural interval 

at the base of the caudal fin. This sinus is also said to receive the 
posterior portion of the lateral trunks, and the caudal fin trunks. 

The latter collect the caudal ray branches from the fin, and are 

continuous cephalad with the dorsal and ventrallymphatic trunks, 
which trunks are said to be but little developed and as in Scor- 

peenichthys they communicate with the lateral trunksthrough 

transverse branches. In Lucius lucius quite a different arrange- 

ment of the caudal lymphatic trunks is given by Favaro (pp. 196- 

9 and fig. 107) than was recorded by Sappey, which is to a great 



28 WILLIAM F. ALLEN 

extent similar to Anguilla and Tinea. An atrium and ventricle 

are present and they communicate with each other. The ven- 

tricle empties anteriorly into the sinus venosus caudalis of the 

caudal vein. Anteriorly the atrium receives a common trunk 

formed by the union of the longitudinal hemal and the lateral 

lymphatic trunks; while posteriorly it receives the caudal lym- 

phatie trunk, which according to Favaro in this species simply 

passes through the hypural interval, without expanding into any 

sinus lymphaticus caudalis that communicate with the posterior . 
portions of the lateral trunks. It nevertheless continues through 

the basal canal of the caudal fin, and is continuous with the dorsal 

and ventral trunks, which are said to be rather rudimentary. 

Favaro’s account of the arrangement of the caudal lymphatic 

vessels in Coricus rostratus (pp. 208-10 and fig. 121) is more like 

Scorpeenichthys than any of the above mentioned species. In 

Coricus no sinuses corresponding to the atrium and ventricle 

were described. There is, however, a longitudinal neural trunk, 

which anastomoses with the lateral and caudal trunks, and the 

common trunk thus formed empties into the sinuses venosus 

caudalis of the caudal vein. The caudal trunk is said to have a 

little swelling at the base of the tail, without assuming the appear- 

ance of a sinus lymphaticus caudalis. Nothing is said concern- 

ing the dorsal and ventral lymphatic trunks, but the longitudinal 

hemal trunk of other species is absent in Coricus. 

PROFUNDUS LYMPHATIC SYSTEM 

In Scorpeenichthys and Clinocottusthe profundus system, which 

consists of the longitudinal neural and haemal lymphatic trunks 

together with their branches are very large and important canals, 
far more so than the subcutaneous trunks. 

Longitudinal neural or superior vertebral lymphatic trunk. 

(Figs. 3-7, and 12 L.Neu.T.).—-This enormous trunk is situated 

in the neural canal directly above the myelon or spinal cord, being 

separated from it by a tough fibrous tissue septum. Its exact 
position is shown in transverse section (fig. 12, L.Neu.7’.). Since 

this trunk in Scorpzenichthys and Clinocottus has no direct con- 
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nection with the caudal vein it must be said to take its origin 

above the last vertebra from the anastomosis of the two profundus 

portions of the lateral trunks (figs. 3-7, £.7.(2)) and the posterior 

neural trunks (figs. 4,6, and 7, P.Neu.T.). As stated previously 

the latter vessels collect a network from the sides of the last inter- 

spinal bones; while the profundus portions of the lateral trunks 

would in all probability collect most of the lymph from the pos- 

terior portions of the lateral trunks (figs. 4, Z.7”. «)) and some fromm 

the main lateral trunks (fig. 4, L.7.), but as the latter trunk in- 

creases in caliber caudo-cephalad the resistance must be less 

in that direction, with the result that most of the lymph flows in 

that direction. In Clinocottus the posterior portions of the lat- 

eral trunks are also in communication with the posterior caudal 

sinus, in which case the lymph received by that sinus could find its 

way into the posterior portions of the lateral trunk and thence 

into the longitudinal neural trunk, or the lymph from the posterior 

portions of the lateral trunks could go in the opposite direction, 

namely, into the posterior caudal sinus, in which case it would 

ultimately find its way into the longitudinal neural or hemal 

lymphatic trunks through the dorsal or ventral caudal fin lym- 

phatic trunks. On one side of the tail in Scorpzenichthys the 

caudal lymphatic trunk communicates with a profundus portion 

of one of the lateral trunks, hence a possible supply from that 

source. A most important accession, however, is the next to the 

last neutral trunk or the dorsal caudal fin trunk (fig. 4, Neu.T. (1) 
which joins the longitudinal neural trunk opposite the third ver- 

tebra from the last. It is an enormous trunk formed by the anas- 

tomosis of the small dorsal trunk (fig. 4, D.7.) and the large dorsal 

caudal fin trunk (fig. 7, C.7. a). As previously stated the latter 
trunk collected the lymph from the upper half of the caudal fin 

and doubtless some from the posterior caudal sinus. In other 

words then, a glance at fig. 4 shows the arrangement of the lym- 

phaties to be such, that it would be possible for the lymph from 

the entire tail region to reach the longitudinal neural trunk, but 

under ordinary circumstances, however, it is probable that a large 

portion of the lymph reaches the longitudinal hemal trunk through 

the ventral caudal fin trunk. The flow of lymph in the longi- 
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tudinal neural trunk is therefore cephalad, where it is discharged 

into the jugular veins after the manner described in an earlier 

paper (pp. 59-61). 

A transverse section through the longitudinal neural lymphatic 

trunk of Clinocottus shows this trunk to more than equal the size 

of the myelon or spinal cord. It is composed of fibrous tissue and 

lined with endothelium, and strange to say contamed very few 

corpuscles. In a representative section but two were noted and 

they were red. 

Throughout its entire course the longitudinal neural lymphatic 

trunk receives a neural lymphatic vessel (fig. la, New.7’.) opposite 

each centrum, that is, one for each segment. It should be recalled 

in this connection that but one neural artery or vein was found 
for every two segments, the arteries alternating with the veins. 

Consequently, then, since these neural lymphatic vessels run par- 

allel, but distal, to the blood vessels in their course along the neural 

spines, each alternate neural lymphatic vessel would follow a neu- 

ral artery, and every intermediate alternate neural lymphatic 

vessel would follow a neural vein. There are, however, a few 

exceptions to this plan. Tracing a neural lymphatic vessel dor- 

sad, one sees it leave the apex of the neural spine with the cor- 

responding blood vessel to cross the depressor and levator muscles 

of the dorsal rays, and at this level it sends off a cephalic branch 

to anastomose with the next neural lymphatic vessel, thus form- 

ing a sort of irregular longitudinal lymphatic trunk (represented in 

fig. 4 a, but not lettered) homologous to a similar secondary dorsal 

lymphatic trunk described by Trois in Pleuronectes and by Sappey 

for Lucius lucius. The neural lymphatic vessel proper continues 

dorsad with the corresponding blood vessel between the levator 

and the next depressor dorsal ray muscles to the extrinsic mus- 

cles of the fin, where it bifurecates with the corresponding blood 

vessel between the extrinsic and intrinsic muscles. Sometimes 

two of these branches from adjacent neural vessels anastomose, 
forming a continuous longitudinal vessel for a short distance, 
which is analogous to the lateral dorsal lymphatic trunks de- 

scribed in an earlier paper (p.55) for the anterior dorsal fin. These 
forks of the neural vessel collect the dorsal ray lymphatic canals 
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(fig. 4a, D.R.T.), which traverse the posterior surfaces of the rays 

and receive a network from the fin membrane. 

The arrangement of the lymphatics in the posterior dorsal or 

the posterior portion of the dorsal fin is perceptibly different from 

the anterior dorsal or the anterior portion of the dorsal fin; where 

there were three longitudinal dorsal lymphatic trunks, two of 

which passed along the sides of the base of the fin and the other 

traveled through the center of its basal canal. The central 

trunk received two dorsal spine canals from each spine and com- 

municated with the lateral trunks through numerous cross bran- 

ches; while the lateral dorsal trunks were connected with the longi- 

tudinal neural trunk through the neural vessels and with the lat- 

eral trunk through the intermuscular vessels. 

Longitudinal hemal or inferior vertebral lymphatic trunk. 

(Figs. 4, 7, and 12, L.He.T.)—This great profundus trunk 1s of 

almost equal importance to the longitudinal neural lymphatic 

trunk. In Scorpzenichthys it may be said to take its origin in the 

heemal canal as a small vessel under the last vertebra, which is 

continuous with the caudal lymphatic trunk. The latter has 

been described as traversing the hypural interval, and beside sev- 

eral minor connections it opens into the posterior caudal sinus 

at the base of the caudal fin, which also is continuous with the 

dorsal and ventral caudal fin lymphatic trunks. Under the last 

vertebra the longitudinal hzemal trunk is a very inconspicuous 

vessel, and often in sections of Clinocottus through the region of 

the last vertebra it was invisible. It doubtless receives very little, 
if any, lymph from the caudal trunk because the resistance in that 

vessel is evidently less caudad, that is toward the posterior caudal 

sinus. This being the case a portion of its lymph would ulti- 
mately reach the longitudinal hemal trunk through the ventral 

caudal fin trunk, which forms the principal accession to the longi- 

tudinal hemal, trunk, in fact, it might be said to constitute its 

source. As stated previously the ventral caudal fin trunk after 
leaving the basal canal of the caudal fin, receives the small ven- 

tral lymphatic trunk, and here separates into two trunks (fig. 4 

He.T. «) and (2)) which enter the hamal canal opposite the third 
and fourth vertebra from the last, and anastomose with the small 
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longitudinal heemal lymphatic trunk. From this point cephalad, 

this longitudinal trunk may be a single canal or it may have re- 

solved itself into several, in which case they appear in transverse 

section like rather large cavities in the spongy connective tissue 

supporting the blood vessels. In this trunk the corpuscles are- 
extremely scarce, and as was noted for the other lymphatic trunks, 

the red greatly outnumber the white. Upon entering the body 
cavity this trunk takes on more the form of a sinus, which fol- 

lows the aorta, cephalad, between the vertebral column and the 

kidney, and where the kidney separates into right and left lobes 

at the insertion of the retractor muscles of the pharyngeal bones, 

it joins the great abdominal sinus, situated below the kidney. 

In an earlier paper (pp. 62-3) the cephalic termination of this 

sinus has been fully given. 

From the tail to the body cavity the longitudinal hemal trunk 

received a hemal lymphatic trunk (fig. 4a, He. T.) from between 

each two segments, which amounts to, one for each segment. 

Exactly the same correlation was established between these heemal 

lymphatic vessels and the blood vessels as was shown between the 

neural lymphatics and the neural blood vessels. Along the an- 

terior surface of a hemal spine there traveled a hemal lymphatic 

vessel and a hemal artery, and along the next spine a lymphatic 

vessel and a vein, this relationship being even more constant than 

was the case with the neural vessels. In the region of the anal 

fin the heemal lymphatic vessels arose from two branches from be- 

tween the extrinsic and intrinsic muscles of the fin, which occa- 

sionally anastomose with the corresponding branch ahead or be- 

hind, thus forming a short longitudinal trunk on the side of the 
base of the fin. These branches also collect the anal ray lymphatic 

canals (fig. 4a, A.R.7'.), which traverse the posterior surfaces of 

the rays and gather a network from the fin membrane. Thus 

formed a hzeemal lymphatic trunk crosses a pair of intrinsic anal 
ray muscles, but upon reaching the apex of a hemal spine it does 
not send off a connecting branch to the adjacent hemal trunk, 

to form a secondary ventral longitudinal trunk. Its course was 
then dorsad along the hemal spine, immediately distad of the 
corresponding blood vessels, and entering the hemal canal it joins 
the longitudinal hemal lymphatic trunk. 
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At various intervals interlinking lympathic vessels were seen 

passing around the centra, and connecting the longitudinal hemal 

trunk with the longitudinal neural trunk. 

As regards these longitudinal profundus lymphatic trunks in 

other fishes, especially in Teleosts, asprotrayed by different authors 
there appears to be great variation. In some species one trunk 

issaid to be absent; in another, the other; while in still others both 

are absent or else have been overlooked. 

In the Selachians there are no longitudinal neural trunks, but 

in Scyllium, Mustelus, and Squatina, Mayer (p. 320) describes a 

vasa vasorum in the hemal canal, which consists of a longitudinal 

vein traveling along between the caudal artery and vein. It is 

said to receive direct communications from each intercostal or 

intersegmental artery, and to give off at regular intervals bran- 

ches to the caudal vein. Favaro finds a similar arrangement in 

Squalus, where he designates the longitudinal vein running be- 

tween the caudal artery and vein as the vasa intermedia, the con- 
necting branches between the segmental or intersegmental arter- 

ies and the vasa intermedia are termed the arteria segmentalis 

vasorum intermediorum; while the connecting vessels between 

the vasa vasorium and the caudal vein are plainly figured but 

are not named. In fig. 156 Favaro graphically shows the evolu- 

tion of the longitudinal hamal trunk of Teleosts from the vasa 

intermedia of Squalus. The arrangement for Squalus was just 

given above. With Raja he portrays these connecting arteries 

as passing caudad a short distance before anastomosing with 

the vasa intermedia; while the arrangement of the connecting 

vessels between the vasa intermedia and the caudal vein remain 

as in Squalus. With Acipenser these connecting arteries are 
continued caudad a short distance as in Raja, but here they fork, 

one stem joins the vasa intermedia and the other is continued 

caudad to anastomose with the following segemental artery, thus 

forming a continuous longitudinal arterial trunk, designated as 

the arteria longitudinales vasorium intermediorum (Minor caudal 

artery of Scorpzenichthys). The venous connections between 
the vasa intermedia and the caudal vein are the same as in Squal- 

us and Raja. With the Teleosts the arterial arrangement is iden- 
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tically the same as in Acipenser; while there are no connecting 

vessels between the vasa vasorum and the caudal vein, the former 

becoming the longitudinal hamal lymphatic trunk. It is also 

of interest to note that in the hemal canalof an embryo of Belone 

acus, Favaro finds a similar arrangement to the vasa intermedia 

as represented above for Squalus. 

With the Ganoids, Hopkins did not protray any longitudinal 

neural or hemal trunks for Amiatus. In Lepisosteus there is no 

longitudinal neural trunk, but I found (p. 64) two longitudinal 

hemal trunks in the hemal canal of the tail region, which passed 

laterad under one of the posterior vertebre and anastomosed 

with the lateral trunks in forming the two sinuses (x), which 

emptied into caudal sinuses that terminated in the caudal vein. 

Strange to say no hemal vessels were observed. 

In the Teleosts Vogt does not mention either of these profundus 

longitudinal lymphatic trunks in Salmo. Hyrtl notes a longitudi- 

nal neural trunk in Leuciscus, which collects lymphatic vessels 

from the dorsal fin, but has nothing to say concerning a longit- 

udinal hemal trunk. ‘Trois finds in Lohpius (pp. 11-12) and in 

Uranoscopus (pp. 25-6) that the superior and inferior longitudinal 

spinal trunks are well developed. His fig. 4 shows these trunks to 

fuse behind the last vertebra, and apparently also with the dorsal 

and ventral lymphatic trunks. Behind the abdomen, interspinal 

vessels are said to connect these trunks with the dorsal and vent- 

ral trunks. In the Pleuronectide, Rhombus maximus, R. levis, 

and Pleuronectes grohmanni, Trois represents (pp. 43-4, and fig. 

2, D' and D?*) in addition to the above mentioned profundus 
trunks, that two other longitudinal trunks travel along on a level 

with the apices of the neural and hemal spines, and anastomose 

with the interspinal vessels. These he claims to have described in 

an earlier paper, prior to Sappey’s description of them for Lucius 
lucius. In P. grohamanni cross branches were observed by Trois 

passing from the inferior longitudinal spinal trunk to the superior 

longitudinal spinal trunk. Sappey’s description of these pro- 

fundus [ymphatic trunks in Lucius and Pleuronectes is similar to 

that given by Trois, except that these trunks are not portrayed as 

extending to the last vertebra. Favaro finds in Tinea vulgaris 
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(p. 181) that the longitudinal neural trunk is absent, and in his 

fig. 84 no longitudinal hemal trunk appears. With Lucius lucius, 

Favaro noticed both profundus longitudinal trunks; the longitu- 

dinal neural did not extend caudad far enough to empty into the 
atrium of the caudal heart; while the longitudinal hamal] trunk is 

well developed, and after anastomosing with the profundus por- 

tions of the lateral trunks, the combined trunk emptied into the 

atrium of the caudal heart. In Coricus rostratus (p. 208) there 

is said to be no longitudinal hemal trunk, but alongitudinal 

neural trunk is represented as dividing and each fork anastomos- 

ing with a profundus portion of a lateral trunk, the combined 

trunks thus formed, fuse, and at the point of union, receive the 

caudal trunk, and the common vessel thus formed does not empty 

into the caudal heart, but terminates directly into the sinus 

venosus of the caudal vein. In the eel, Anguilla, Favaro states 

(pp. 157-8) that the longitudinal hemal trunk is the only profun- 

dus lymphatic trunk observed, and it is said to terminate directly 

in the cephalic end of the atrium of the caudal heart. 

SUMMARY AND GENERAL CONSIDERATIONS 

In the tail region of the Cottids, Scorpeenichthys marmoratus 

and Clinocottus analis there is a distinct system of longitudinal 

canals, which has no counterpart in the arterial system. It con- 

sists of four longitudinal subcutaneous trunks and two longitudi- 

nal profundus trunks. None of these terminate behind the last 

vertebra in caudal sinuses, which empty into the caudal vein, as 

is the case with many fishes. In fact, so far as could be determined 

there is no direct communication of the lymphatics with the cau- 

dal vein or with the arterioles in the periphery. It should be 

noted, however, that in four places, namely, on either side of 

the last vertebra and at the base of the tail this system comes into 

close touch with the two forks of the caudal vein, and ia one sec- 

tion of Clinocottus the thin wall separating the profundus por- 

tion of the lateral trunk and the right fork of the caudal vein was 

torn in such a manner as to give the appearance of the lymphatic 

trunk empting into the vein and the orifice being guarded by 
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two valves: but in no other series or in any other section in this 

series or in any dissection of Scorpzenichthys was any direct open- 

ing found. As stated in the text the filling of the blood vessels 

from an injection of the longitudinal neural trunk and conversely 

the filling the lymphatics from an injection of the caudal artery 
or vein was attributed to the rupturing of the delicate walls sepa- 

rating these systems, resulting in the extravasation of the injec- 

tion mass from one system to the other, rather than to a direct 
passage from one to the other through an open communication. 

Since no caudal connection was established between these sys- 
tems, and the fact that all the longitudinal trunks increase in ecali- 

ber anteriorly, the flow of lymph must be cephalad to enter the 

jugular vein after the manner described in an earlier paper. Two 
forces evidently contribute to propel the lymph forward; one is 

the difference of pressure between these two systems, forming 

a sort of suction in the lymphatics; while the other, which is prob- 

ably the main factor, is the lateral movement of the tail and body 

against the great wall of water, which presses the lymphatic trunks 

against the muscles and the bones. 

In these Cottids the profundus longitudinal lymphatic trunks 

are larger and more important than the subcutaneous trunks. 
The longitudinal neural trunk is without doubt the main 

lymphatic conduit of the body. 

Both the longitudinal neural and the longitudinal hemal 

trunks begin at the last vertebra, the former from the anastomosis 
of the profundus portions of the lateral trunks, and the latter as 

a continuation of the caudal trunk. Each receives from between 

every two segments, a neural or a hemal branch after the manner 

previously described. 
Two of these, the posterior neural and the posterior hemal 

lymphatic trunks are of enormous caliber. They are formedby 

the anastomosis of the small dorsal and the large dorsal caudal 

fin lymphatic trunks, and the small ventral and the large ventral 

caudal fin lymphatic trunks respectively. 

With the Cottids the dorsal and ventral caudal fin lymphatic 

trunks are enormous canals which occupy a greater part of the 
basal canal of the caudal fin. From the dorsal and ventral sur- 
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faces of each ray they collect a caudal ray lymphatic vessel. In 

the median line, between the two hypural bones, at the base of 

the fin the two caudal fin lymphatic trunks unite in the small 

posterior caudal sinus. 

This sinus is partially paired in Clinocottus. With Clinocottus 

and Ophiodon it has conspicuous connections with the posterior 

portion of the lateral trunks, but in Scorpeenichthys there are no 

such communicacions. Anteriorly two or more caudal lymphatic 

trunks leave this sinus to follow the caudal artery into the hemal 

canal, where they anastomose and form the longitudinal hemal 

trunk. 

The dorsal and the ventral lymphatic trunks in the caudal 

region are very inconspicuous vessels in comparison to what they 

are cephalad or to what they are in the caudal region of other 
fishes. The tract usually drained by these vessels in the posterior 

dorsal and the anal fins is collected in Scorpznichthys by 
branches of the neural and hemal trunks. In the case of Scor- 

pzenichthys the dorsal and ventral trunks of thecaudal region may 

be said to have their origin from the posterior ends of the second 
dorsal and tne anal fins, and after traversing the dorsal and ven- 

tral median septa of the caudal peduncle they anastomose with 

the dorsal and the ventral caudal fin lymphatic trunks, which 
culminate in the longitudinal neural and the longitudinal hemal 

lymphatic trunks. 

In the tail region the lateral lymphatic trunks are far more 

important canals than either the dorsal or the ventral. Each 

can be divided into a main portion, a posterior porcion, and a 

profundus portion. 

The main portion travels immediately beneath the lateral line, 

in a tough connective sheath that binds the two halves of the lat- 

eral muscle together. It receives a dorsal and a ventral intermus- 

cular or transverse lymphatic canal from the surface of each inter- 

muscular sepum. 

The posterior portion of the lateral trunk is confined to the 

subcutaneous region between the last vertebra and the base of 

the caudal fin. It collects a network from the fascia and several 

from the.intrinsic muscles of the caudal fin. With Ophiodon 
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(fig. 2) this network in the fascia assumes the form of a fan. 

In Scorpznichthys there is no communication at the base of the 

caudal fin between this trunk and the posterior caudal sinus, 
but in Clinocottus and Ophiodon there are very distinct connec- 

tions. 

Opposite the last vertebra the main and the posterior portions 

of the lateral trunks may be said to fuse and form the profundus 

portions, which pass mesad and anastomose at the beginning of 

the neural canal to form the great longitudinal neural lymphatic 

trunk. 

The structure of the longitudinal lymphatic trunks are very 

much the same, they are made up for the most part of a dense 

fibrous layer, which is lined with endothelium. Notwithstanding 

the enormous size of these canals they contain but very few cor- 

puscles, and strange to say the red greatly outnumber the white. 

Respecting the distribution of the blood vessels previously 

given in detail, a few points are deserving of special mention. 

The so-called minor caudal artery has an entirely different ori- 

gin in Scorpenichthys than was described for it by Favaro in 

numerous Teleosts, where it was said to arise from branches of 

the segmental arteries. So far as could be determined in Scor- 
peenichthys ic had no connections with the intersegmental arteries, 

but rather arose from the dorsal aorta in the body cavity, and con- 

tinued parallel with it and the caudal artery to the tail; where it 
separated into a dorsal and ventral minor caudal fin arteries, 

which gave off a minor caudal ray artery for each ray. These 

branches, however, could not be traced caudad of the intrinsic 

muscles. In places within the hemal canal, the minor candal 

arteries gave off branches of almost equal caliber to itself. The 

function of these branches appears to be to furnish nutrient 

arteries for the blood vessels and possibly for the lymphaties 

of the hamal canal. 

There are three distinct varieties of intersegmental arteries and 

veins, arising from the caudal artery or terminating in the caudal 

vein. The first or lateral vessels simply curve around to the side 
of the centra and then pass laterad in theintermuscular septa to the 
periphery. The second or combined lateral and neural trunks 
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likewise curve around to the side of the centra, where each divides 

into a lateral vessel which has an identical course to the lateral 

vessel described above, and a neural vessel which follows the 

neural spine to the periphery. The third or hemal vessels pursue 

a ventral course along the hemal spines to the periphery. The 

outcome of this arrangement is that every two myotomes are 

supplied by a neural, hemal, and two lateral arteries and veins. 

Résumé.—In connection with this system of canals in the tail 

region of these two Cottids two views are tenable. One is, that it 

is a separate lymphatic system, probably more closely related to 

the blood-vascular system than in the higher Vertebrata; the 

other is, that it is a separate venous system, which has no counter- 

part in the arterial system, but which may function also for lym- 

phatics. 

Of these two views the former seems more plausible for the 

following reasons.—So far as could be determined in the tail re- 

gion there was no direct connection between this system and the 

caudal vein as is found in most fishes or with the arterial system 

in the periphery. The smaller branches usually follow the arteries, 

often nearly surrounding them, and their networks are decidedly 

lymphatic in the character of their meshes. The caliber of these 

trunks are also much larger than one would expect veins to be. 

When these canals are severed in a living specimen no blood is 

expelled, in fact, in a series of microscopical sections one frequently 

has to look at several sections to find a corpuscle in one of these 

trunks. With a single possible exception the entire tail region, 

both superficial and deep, are amply supplied with veins that 

have mutual relations with the arteries; while the lymphatic sys- 

tem is always isolated. It was shown that along each neural 

spine there extended a neural lymphatic vessel, which received 

lymph from the dorsal fin and the dorsal musculature, but none 

from the lateral periphery (that region being drained by the 

lateral lymphatic trunk), and emptied into the longitudinal neural 

lymphatic trunk. Also along each alternate neural spine there 

traveled a neural artery, which arose from the caudal artery, and 

supplied the dorsal and lateral musculature, the dorsal fin and 

its musculature, and the dorsal and lateral periphery. Likewise 
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‘ along the intermediate alternate neural spines there pass neural 

veins, which have identical courses to the corresponding arteries, 

draining the same regions they supplied, and terminating in the 

caudal vein. Assuming for a moment the neural lymphatic ves- 

sels to be neural veins; there would be a neural artery and vein 

for each alternate neural spine, and two neural veins, having 

almost identical courses for every intermediate alternate neural 

spine; thus constituting a very unlikely arrangement. Exactly 

the same correlation can be shown in connection with the hemal 

vessels. 

The following observations to a certain extent favor the suppo- 

sition that this system is a venous system.—On both sides of 

the superior hypural bone in Scorpzenichthys there was noted an 

arterial and a lymphatic system, but no vein was observed coming 

from that locality, unless the hypural lymphatic vessel also func- 

tionasa vein. Likewise in Clinocottus the caudal vein was traced 

only to its point of bifurcation in the basal canal of the caudal 

fin. No caudal ray veins were seen emptying into these short 

caudal fin veins, but as both caudal ray arteries and lymphatics 

were clearly defined, the absence of such vessels could hardly be 
attributed to faulty technique; hence the caudal ray lymphatic 

vessels and the caudal fin lymphatic trunks in Clinocottus may 

function as both lymphatics and veins. All of the microscopic 
preparations clearly demonstrate that the red corpuscles greatly 

outnumber the white in all the longitudinal lymphatic trunks. 

This study to a considerable extent supports the hypothesis 

set forth in 1907 (p. 93) and in 1908 (pp. 72-8) and also previously 
championed by Favaro that the lymphatics of fishes have evolved 
from veins, the evidence of course being derived solely from a study 
of comparative anatomy. In the Selachians these trunks have 

every indication of being veins for there are numerous connections 

with the veins throughout the entire body; while with the Tel- 

eosts these trunks are undoubtedly lymphatics. The Ganoids 

appear to be a sort of intermediary; Polyodon, a cartilaginous 

Ganoid, leaning toward the Selachians; while Lepisosteus, a bony 

Ganoid, inclines toward the Teleosts. It was shown in these 

Ganoids that connections with the venous system are quite numer- 
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ous In the head region; while in Lepisosteus there are but two 
in the tail region. With most Teleosts there are two connections 
in the head and two in the tail, but in the specialized Scorpse- 
nichthys these communications are confined solely to the head. 
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EXPLANATION OF FIGURES 

1 and 4-10 were drawn to a scale from injected dissections of Scorpznichthys 

marmoratus tails. Fig. 11 isamicroscopic view of a portion of the tail of a30 mm. 

living Phanerodon atripes (Viviparous perch) embyro, and figs 3 and 12 are from 

transverse sections taken through the caudal peduncle of a 28 mm. adult. Clino- 

cottus analis. In general the subcutaneous or lymphatic canals are drawn in 

black, the veins are cross-barred, and the arteries are stippled or drawn in out- 

line. A vessel represented in dotted outline signifies that it passes within or on 

the opposite side of a muscle, bone, or other vessel. 

were made with the aid of a camera lucida and the details were filled in afterward. 

LIST OF ABBREVIATIONS USED IN 

All microscopical outlines 

THE FIGURES 

A. or P. prefixed to an abbreviation signifiies anterior or posterior; R. or L. 

right or left; the vertebre are numbered from caudad to cephalad, and the caudal 

fin rays are numbered from the centre of the fin, dorsad or ventrad. 

A. Ex. M. Anal fin extrinsic mus- C.R. Caudal ray. 

cle. CoRR A: Caudal ray artery. 

A.R. Anal ray. CARE AC) Minor caudal ray art- 

ASR AS Anal ray artery. ery. 

Awa iL Anal ray lymphatic €.R.T Caudal ray lymphatic 

trunk. trunk. 

AER: Vi. Anal ray vein. CARY. Caudal ray vein. 

CoA: Caudal artery. C25; Posterior caudal sinus. 

C. A. (1) Minor caudal artery. C.T. Caudal lymphatic 

CAl lu ((1h) Branch of minor caudal trank. 

artery in the he- C.T. Caudal lymphatic 

mal canal. trunk. 

Go PAG Caudal fin artery. Cale) Dorsal or superior cau- 

Go 2A‘: Dorsal caudal fin art- dal fin lymphatic 

ery. trunk. 

Gab AY“’: Ventral caudal fin art- C. T. (2) Ventral or inferior cau- 

ery. dal fin lymphatic 

Cara Gl) Minorcaudal fin artery. trunk. 

Co Aven (11h) Dorsal minor caudal _ C. V. Caudal vein. 

fin artery. Der. Dermis. 
Cie Awe) Ventral minor caudal D. Ex. M. Dorsal fin extrinsic 

fin artery. muscle. 

CuraN. Caudal fin nerve. D. L. A. Dorsal lateral artery. 

Crk Ve Caudal fin vein. 1D) Win WY Dorsal lateral vein. 

CAR EVE. Dorsal caudal fin vein. D.M.A.R. Depressor muscle of 

CaneaViae Ventral caudal fin vein. an anal ray. 

C. In. M. Caudal fin intrinsic D.M.D.R. Depressor muscle of a 

muscle. dorsal ray. 



Dorsal ray. 

Dorsal ray artery. 

Dorsal ray lymphatic 

trunk. 

Dorsal ray vein. 

Dorsal subcutaneous 

lymphatie trunk. 

Epidermis. 

Fascia. 

Hemal artery. 

Hemal spine. 

Hemal lymphatic 

trunk. 

Last two hemal lym- 

phatie trunks or 

ventral caudal fin 

lymphatic trunks. 

Heemal vein. 

Dorsal or superior hy- 

pural bone. 

Ventral or inferior hy- 

pural bone. 

Hypural artery. 

Hypural lymphatic 

trunk. 

Intermuscular or trans- 

verse lymphatic 

trunk. 

Lateral artery. 

Left fork of the caudal 

artery. 

Left fork of the caudal 

vein. 

Longitudinal hemal 

lymphatic trunk. 

Lateral line canal. 

Levator muscle of an 

anal ray. 

Levator muscle of a 

dorsal ray. 

Longitudinal neural 

lymphatic trunk. 

Lateral subcutaneous 

lymphatie trunk. 

Posterior portion of 

the lateral lym- 

phatie trunk. 

Ts Aen) 

Een) 

Neu. V. 

Neu. & L. A. 

Neu. & L. V. 

P. He. A. 
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Profundus portion of 

the lateral lym- 

phatie trunk. 

In Chnocottus and 

Ophiodon com- 

munication be- 

tween the posterior 

portion of the 

lateral lymphatic 

trunk and the pos- 

terior caudal sinus 

(Figs. 2 and 3). 

Muscule fibers. 

Meylon or spinal cord. 

Myotomes. 

Fan-shaped lymphatic 

network on fascia 

of Ophiodon (Fig. 

2). 

Neural artery. 

Neural arch. 

Neural spine. 

Neural lymphatic 

trunk. 

Next to the last neural 

lymphatic trunk 

or dorsal caudal 

fn lymphatic 

trunk. 

Neural vein. 

Combined neural and 

lateral artery 

(Figs. 9 and 10) 

Combined neural and 

lateral vein (Tig. 

9). 

Posterior hemal or 

inferior  hypural 

artery. 

Posterior neural art- 

ery. 

Posterior neural lym- 

phatie trunk. 

Posterior neural vein. 

Posterior or caudal 

vertebra. 

Posterior or 

vertebra. 

caudal 
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Right fork of the 

caudal artery. 

Right fork of the 

caudal vein. 

Vertebra. 

Ventral lateral artery. 

Ventral lateral vein. 

Ventral subcutaneous 

lymphatie trunk. 

In fig. 8 branch of the 

caudal artery to 

the tail muscula- 

ture. 

Z. 

1—14. 

In 

In 

fig. 3 this line de- 

notes the beginning 

of the caudal fin 

in Clinocottus ana- 

lis. 

figs. 9 and 10 pos- 

terior vertebre are 

numbered from 

caudad to cephal- 

ad. 
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1. Represents a general superficial lateral view of the tail of a median sized 

Scorpenichthys as viewed from the left side when the skin only is removed. The 
origin of the lateral lymphatic trunk from the surface of the myotomes and the 
posterior portion of the lateral lymphatic trunk from the fascia and the intrinsic 
muscles of the caudal fin is clearly shown. 1. Reduced } 

2. Is a somewhat similar dissection of a median sized Ophiodon elongatus tail 
as seen from the right side. Introduced mainly to illustrate the peculiar fan- 
shaped network of the posterior portion of the lateral lymphatic trunk on the 
fascia. x 2. Reduced 4 

3. Dorsal view of a diagrammatic reconstruction of the longitudinal neural, 

lateral, and caudal lymphatic trunks taken from a transverse series of sections 

through the tail of a 28 mm. adult Clinocottus analis. This species differs from 

Scorpenichthys in having the posterior portions of the lateral lymphatic trunks 
in direct communication with the posterior caudal sinus. < 50. Reduced 3 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, NO. 1. 
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5. A deep dissection of the base of the tail of a large Scorpzenichthys as seen 

from the left side. With the exception of the posterior portion of the lateral trunk 

all of the so-called subcutaneous or lymphatic vessels are sketched. The left or 
main fork of the caudal vein is cut immediately behind the last vertebra. A small 

portion of each of the dorsal and ventral caudal fin veins are shown. Each of the 

caudal arteries are cut close to their origin; while the minor caudal artery is severed 

between the hypurals shortly before reaching the caudal sinus. X2. Reduced 3 

6. Similar view taken from the right or opposite side of the same specimen 

as fig.5. 2. Reduced 4 

7. From a deep dissection of the dorsal portion of the base of a large Scorpe- 

nichthys tail as seen from the left side. Introduced mainly to illustrate a different 

termination of the caudal ray trunks in the caudal fin trunk than is shown in fig. 

5. X 2. Reduced 4 
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8. Diagrammatic drawing showing the distribution of the caudal and the minor 

caudal arteries as found in the tail of a large Scorpxenichthys viewed from the left 

side. 

9. Ventral view of the hemal canal of a large Scorpzenichthys; the body muscu- 

lature and the hemal spines being completely removed. Designed to show the 
relation of the neural arteries to the neural veins and to the corresponding hemal 

vessels, and also the dorsal intersegmental vessels that have both dorsal and lateral 
branches to those that have only lateral branches. The vertebree are numbered from 

caudad to cephalad. 1. Reduced 4 
10. Deeper dissection of the same specimen as fig. 9, the caudal vein and its 

branches being entirely removed. It shows the relation of the minor caudal artery 

to the caudal artery and the branching of each, together with a little of the hemal 

lymphatic or subcutaneous system. X1. Reduced 4 
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il. Portion of the tail of a 30mm. living embryo Phanerodon atripes (Viviparous 

perch) as seen in a watch glass of sea water under a microscope . The blood cor- 

puscles were plainly seen passing out of the caudalartery into the dorsal and ven- 

tral caudal fin arteries, thence into the caudal fin ray arteries, from which they 

entered a minute capillary network lying in the membrane connecting two rays. 

On the opposite side these networks were collected by corresponding caudal fin 

ray arteries, which emptied into the dorsal and ventral caudal fin veins, the latter 

uniting to form the main caudal vein. X 33. Reduced 4 

12. Transverse section through the caudal peduncle region of a 28 mm. adult 

Clinocottus analis. All of the main longitudinal trunks are seen in section. The 

posterior neural and hemal trunks are also seen in section midway between the 

longitudinal neural and the dorsal trunks, and between the longitudinal hemal 

and the ventral trunks. x 25. Reduced 3 





THE SOMITES OF THE CHICK 

LEONARD W. WILLIAMS 

From the Harvard Medical School, Boston 

NINETEEN FIGURES 

The first consistent account of the history of the somites of 

the chick, in which was presented the much discussed theory of the 

resegmentation of the vertebral column, was published by Remak 

in 1855. He believed that the somites are originally hollow 

cubical masses of cells which, as the medullary groove deepens, 

become triangular prisms with dorsal, medial, ventral and end 

walls. The medial ventral edge of each somite elongates and, 

reaching the notochord, divides into two leaf-like processes which, 

uniting with those of the opposite side, grow around the notochord 

and form the tissue of the perichordal sheath or Wirbelkérper- 

sdule. From the same edge, he believed, there grows into the 

cavity of the somite a mass of cells, the core Urwirbelkern, which 

greatly reduces the cavity. The core of the somite soon fuses with 

the neighboring walls with the exception of the dorsal wall. Each 

somite is now divided into an epithelial or epithelioid upper wall 

~ and amesenchymal mass formed by the fusion of the core and walls 

of the somite. Remak named the former the Rtickentafel or 

Muskelplatte. The latter, the sclerotome, he named the Wirbel- 

kernmasse. There soon appears a contrast between the anterior 

and posterior parts of the sclerotome. The spinal nerve with its 

ganglion and roots appears in the anterior portion of the sclero- 

tome from which Remak believed that it arose. The posterior 

part becomes condensed forming what Remak and others have 

called the vertebral arch. The correctness of this interpretation 

will be discussed later. Remak believed that toward the end 

of the fourth day this vertebral arch is pushed backward so 

that its posterior edge is covered by the dorsal lamella or Rticken- 
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tafel of the following somite, to which it becomes attached. Since 

each arch retains its connection with the dorsal lamella of its own 

somite, it is now attached to the dorsal lamellae of two adjacent 

somites. There now forms in the perichordal sheath at the cen- 

ter of each segment, a conspicuous condensation which is sepa- 

rated from the condensations of the adjacent segments by light 

transverse zones, which Remak believed were clefts. These 

condensations, however, do not correspond with the vertebral 

centra and, to distinguish them from the latter, Remak called 

them the primitive vertebral centra. 

During the fifth and sixth days, a striking change occurs in the 

perichordal sheath. This consists in the apparent resegmenta- 

tion, Neue Gliederung, of this sheath, by which the definitive 

vertebral centra are formed. Since the primitive centra arise from 

the whole medial ventral edge of the somite, and the vertebral 

arch comes from the posterior part of each somite, the arch is con- 

sequently attached to the posterior part of the primitive centrum. 

The spinal nerve and ganglion occupy a space between two verte- 

bral arches which corresponds with the anterior part of the prim- 
itive centrum. However, in a later stage the relation between 

these structures is reversed: the arch is now attached to the an- 

terior end of the centrum and the ganglion lies in a space which 

corresponds with the posterior end of the centrum. This change 

in the position of the nerve in relation to the vertebral arch is the 

basis of Remak’s assertion that there is a resegmentation of the 

vertebral centra, or more accurately of the perichordal sheath 

(Wirbelkérpersdule.) It will be remembered that Remak worked 

with whole or dissected embryos, consequently it is not surpris- 

ing that he mistook the primary perichordal condensations which 

form the intervertebral ligaments for the vertebral centra. This 

error was corrected by Gegenbaur (’62) who, while accepting 

Remak’s theory as a whole, introduced certain modifications. 

Unfortunately, conceiving the sclerotome or Wirbelkernmasse to 

be identical with the primitive vertebral centrum of Remak or the 

intervertebral condensation, Gegenbaur introduced some confu- 

sion which is scarcely yet cleared away, but he rightly maintained 

that the apparent spaces which separate successive midsegmental 



THE SOMITES OF THE CHICK irl 

or intervertebral condensations are really masses of loose tissue 

which become the vertebral centra. Gegenbaur also saw that in 

birds and reptiles (as is also true in mammals) the tissue around 

the notochord forms a membranous, ‘‘skeletogenous”’ or “peri- 
' chordal” sheath which is replaced by a cartilaginous or precar- 
tilaginous sheath, which Minot named the chondrostyle. Re- 
segmentation is effected by the formation of joints in the chon- 

drostyle. 
In 1868 His published a new account of the somites of the chick. 

He found that each somite is primarily a flat quadrangular body 
consisting of a core and cortex; the former is a small cluster of 
irregular rounded cells; the latter is composed of fusiform radiat- 
ing cells attached to one another only at base. Each cell bears 
peripherally a free projecting process. The more posterior 
somites differ in several respects from the anterior or first formed 
somites. They are cubical, or nearly so, their walls have more 
epithelial characters, and their cores are larger. His like Remak 
believed that in the chick the dorsal lamella is entirely con- 
verted into voluntary muscle, and Bardeen maintains that this 
is also true in the pig; nevertheless, this view has not been gener- 
ally accepted. The credit of showing that the spinal ganglia arise 
from the neural crest, not from the sclerotome, belongs to His but 
he failed to see that the sympathetic ganglia arise in the same 
manner. He believed wrongly that the core of the somite forms 
the sympathetic ganglion and that the ventral wall of the somite 
forms only the muscular coat of the aorta. All connective tis- 
sues, according to his now abandoned parablast theory, arise from 
the extraembryonic mesoderm and migrate along the blood 
vessels into the spaces between the entoderm, ectoderm, neural 
tube, notochord, and somites. Consequently His believed that 
Remak’s theory of resegmentation of the vertebral column was 
wholly without foundation. Goette, however, in 1875 pointed 
out that the tissues of the vertebral column really do arise from 
the sclerotomes. 

Froriep (’83) found in each segment a lyre-shaped mass of 
dense mesenchyma, which Bardeen has recently named the 
scleromere. This extends from amidsegmental point below the 
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notochord laterally, dorsally and backward to the following inter- 

segmental fissure. Its central portion (the primitive vertebral 
centrum of Remak) soon encircles the notochord and then dif- 

ferentiates into a fibrous ring, surrounding the notochord, and a 

transverse bar of cartilage. The former becomes the interverte- 

bral disc, or takes part in the formation of the intervertebral joint; 

the latter, the intercentrum or subnotochordal bar (hypochordale 

Spange) usually degenerates without first losing its connection 

with the lateral parts of the seleromere, but in connection with 

the first two cervical vertebrae it persists, forming the body of the 

atlas and a part of that of the axis. The vertebral centrum, aris- 

ing in the loose tissue between the midsegmental condensations, 

fuses, Froriep believed, with the preceding scleromere, forming in 

this way the definitive vertebra. The centrum of the atlas, how- 

ever, does not fuse with the preceding but with the succeeding 

scleromere, that of the axis. The onlycriticism I have of Froriep’s 

work is the one made in a former paper, namely, that the sclero- 

mere which ultimately gives rise to the intervertebral dise (or 

ligament), the intercentrum, the neural arches, the ribs, and the 

myoseptum, cannot be regarded as a morphological unit. The 

only actual units with which we are here concerned are the cen- 

trum, the neural arches, the ribs, and the intercentrum. Fro- 

riep’s description of these and of their relation to the definitive 

vertebrae is correct. 

Remak’s theory received new support from Von Ebner (’88) 
whose discovery of a midsegmental diverticulum of the cavity of 

the somite, which divides the sclerotome into essentially equal 

anterior and posterior parts, reopened the whole question of ver- 
tebral formation. Von Ebner found this fissure, which he 

named the intervertebral fissure, in the lizard, chick, mouse, and 

bat. Schultze (96) claimed that in birds the fissure arises inde- 

pendently of the cavity of the segment and forms aconnection with 
it later, but in mammals is entirely without connection with it. 
I have pointed out elsewhere that there is really no fissure in mam- 

mals and the same is true, I find, in birds. Von Ebner, like Gegen- 

baur, thought that the sclerotome is the structure which Remak 

called the primary vertebral centrum; consequently the fissure 
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seemed to him to be the only evidence needed to prove the cor- 
rectness of Remak’s theory. The anterior half of one sclerotome 
he believed fuses with the posterior half of the preceding sclero- 
tome to form an intersegmental vertebra. 

This view was attacked by Corning (’97) who pointed out the 
weakness of Von Ebner’s position. He maintained rightly that 
a midsegmental vertebral centrum does not. exist and that the 
sclerotome is not the primitive vertebral centrum of Remak. 
This criticism elicited a reply from Von Ebner (’92) which con- 
tained the fundamental truth that the dense mass of tissue 
forming the greater portion of the posterior part of the sclerotome 
is a composite structure. The “ primitive arches,” 7.e., the lateral 
portions of the scleromeres, are merely segmental structures 
which contain the anlagen of several diverse structures. 
A very different conception of the structure of the vertebral 

column is that of Goette who in a series of papers, particularly 
one in 1896, presents the theory that each segment contains pri- 
marily the anlagen of one haemal and two neural arches, an inter- 
centrum, and a centrum. In the tail of a well advanced embryo 
of Lacerta, there is a gradual transition in the structure of the 
neural arch. Anteriorly each half of the arch is a broad plate 
of bone; in the middle of the tail it is divided by a deep vertical 
groove, or by a narrow slit, into a large anterior and a small pos- 
terior arm; and still farther back it is represented by two bars of 
bone, of which the anterior is the larger. In adult lizards, how- 
ever, the neural arch of every caudal vertebra is an undivided 
broad plate. The transverse processes of the caudal vertebrae 
of Lacerta, and also of certain mammals, show a similar tendency 
to divide into anterior and posterior portions. The dense tis- 
sue in the middle of each segment represents the intercentrum and 
the loose tissue between every two intercentra and between the 
right and left intersegmental arteries forms the primary centrum. 
The bases of the neural arches broaden and fuse with the primary 
centrum, forming the secondary centrum. The haemal arch ex- 
tends from below the intercentrum backward and downward into 
the intermyotomic septum. It may fuse with the posterior end 
of the preceding vertebra, as it does in Lacerta, or with the anterior 
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end of the following centrum. Goette believes that these ele- 

ments, namely the centrum, the intercentrum, the two pairs of 

neural and the single pair of haemal arches, unite with one another 

in several ways with the abortion or enlargement of certain units 

so as to form the various types of vertebrae occurring in Digitates 

and in the Amiidae among fishes. 

Manner (’99) found two pairs of cartilaginous neural arches 

in Angius and Lacerta; and Schauinsland (’00) discovered two 

pairs of cartilaginous neural arches in the caudal region of embryos 

of Hatteria. In embryos which were about to hatch, he found 

eonditions similar to those described by Goette in Lacerta. How- 

ever, in Hatteria not only are the neural arches and transverse 

processes double, but the centrum also shows indications of the 

same structure because, as Schauinsland believes, it arises from 

parts of the sclerotomes of two adjacent segments. Goette, 

however, does not maintain that the centrum is double, but 

that, corresponding to each segment, there are two axial 

elements,—the centrum, which is intersegmental, and the inter- 

centrum, which is midsegmental in position. Schauinsland 

regards the subnotochordal bar (hypochordale Spange) of Froriep 

as the haemal arch. 

After Remak had shown that the Urwirbel or protovertebra 

contains anlagen of the body musculature as well as of the ver- 

tebrae, the name became inappropriate; nevertheless, it was used 

without question until Goette in 1875 proposed to use the term 

segment. A few years later in the second edition of Foster and 

Balfour’s ‘Textbook of Embryology” (’83) the term mesoblastic 

somite, or somite, was used as a substitute for the name pro- 

tovertebra. It seems best to denote by the word somite one of 

the blocks of mesoderm formed by the segmentation of the verte- 

bral or somitic plate and to make the segment include a pair of 

somites with the corresponding nephrotomes. 

While Von Ebner was discussing the intervertebral fissure and 

resegmentation, Rabl (’88), demonstrated that the dorsal lamella 

or muscle plate of Remak becomes a two-layered plate, the Haut- 

muskelplatle (dermomyotome) and that the inner layer only, the 

Muskellamelle (myotome) forms muscle, whereas its outer layer. 
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the Cutislamelle (dermatome) is converted into the connective 
tissue of the dermis. At the same time Hatschek proposed to call 
Remak’s Wirbelkernmasse the sclerotome. 

In the same year Paterson (’88) discovered that the ventral 
edges of the dermomyotomes of the trunk of the chick grow down- 
ward into the membrana reuniens inferior and so supply the muscu- 
lature of the abdominal and thoracie walls, but that the muscula- 
ture of the limbs does not arise directly from the dermomyotomes. 
Paterson saw that the dermomyotome is composed of two lam- 
ellae but did not discover that the outer lamella contributes to the 
dermis. 

Kaestner (’90) upon insuflicient grounds attacked the work of 
Rabl and Paterson. He believed that some of the cells of the cutis 
plate become myoblasts and that the remainder form an epithe- 
lum which is destroyed during the third day by parablastic 
tissue. He further maintained that the Muskelknospen, or grow- 
ing ventral edges of the dermomyotomes, described first by 
Paterson, contribute directly to the musculature of the limbs. 

Kollmann (91) describing the somites of human embryos, 
asserted that whereas the muscle plate, or inner layer of the 
dermomyotome, supplies the dorsal musculature of the trunk, 
the cutis plate gives rise to the ventral body musculature and to 
that of the limbs. He admitted, however, that dermal connec- 
tive tissue arises from the myotomes (dermomyotomes?) of the 
trunk. 

Fischel (95) took a somewhat intermediate position between 
Rabl and Paterson on the one hand and Kaestner and Kollmann 
on the other. He pictured the growing dorsal and ventral edges 
of the dermomyotome in the chick and showed that the prebra- 
chial dermomyotomes do not have ventral growing edges. The 
ventral buds or growing edges of the dermomyotomes of the 
trunk, he thought, break up into loose tissue which mingles with 
the mesenchyma of the nepbrotome and lateral plate. The 
muscles of the limbs and of the ventral part of the body wall arise 
in the mass of tissue formed in this way, and Fischel judges from 
analogy that these muscle masses probably arise from the 
dermomyotome. 
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Engert (’00) in the chick and Bardeen and Lewis (01) in human 

embryos, proved beyond reasonable doubt that Rabl and Pater- 
son were in the right and that the ventral body musculature does 

arise from the ventral part of the myotome or muscle lamella but 

that the muscles of the limbs arise independently of the myotome. 

Engert shows that all of the cutis plate except its extreme upper 

and lower edges forms dermal mesenchyma and that these edges 

become transformed en masse into myoblasts forming the much 

thickened dorsal and ventral edges of the myotome. Bardeen 
(00) however, maintained, I believe wrongly, that the cutis plate 

in the pig gives rise only to myoblasts. 
My intention, when I began this paper, was to study the later 

development of the notochord of the chick and the relation of the 

notochord to the vertebrae, as a continuation of the work upon the 

notochord published in 1907. I soon found, however, that more 

knowledge of the structure and development of the somites was 

necessary. I have therefore followed with great care the history 

of one of the two somites of thesecond segment up to the time of its 

transformation into the selerotome, myotome, and dermatome. 

The differences at the time of their origin between the second and 

several other segments have been pointed out. A brief account of 

the history of the tenth segment, and of the relation of its sclero- 

tomes to the vertebrae is given, and finally the history of the 

twenty-fifth and forty-fourth segments is described, in order to 
emphasize the differences, most of which are well known, between 

the occipital, cervical, trunk, and caudal segments. 

THE SECOND SOMITE 

Rabl (’89) in his extensive work upon the early history of the 

mesoderm has shown that, shortly before the origin of the first 
segment, the mesoderm of the chick is represented by a sheet of 

syncytial tissue which extends in all directions from the primi- 

tive streak. Centrally it is thick and contains numerous closely 
packed but irregularly arranged nuclei. Peripherally it gradually 
becomes thinner until, near the inner edge of the area vasculosa, 
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it is an exceedingly thin and imperfect sheet, composed of small 

irregular clusters of stellate cells or cell-like masses of protoplasm. 

The portion of the mesoderm in front of the primitive streak, 

which Rabl names the gastral mesoderm, is bisected by the noto- 

chord. Small isolated cavities appear in the larger clusters of 

cells of the antero-lateral portion of the gastral mesoderm and, 

eradually enlarging, unite with one another, forming on either 

side the parietal or amnio-cardiac cavity. The portion of the 
gastral mesoderm below the medullary plate and beside the noto- 

chord is thicker than its lateral part, and the first intersegmental 

cleft appears in this thick medial edge at a point nearly midway 

between the anterior extremity of the embryo and the primitive 

streak. This cleft, as is well known, is somewhat V-shaped, being 

prolonged on each side of the median line laterally and slightly 

backward. Patterson (’07) and Miss Hubbard (’08) have proven 

experimentally that this cleft is the most anterior of the entire 

series and not, as Von Baer thought, the third from the head. 

It forms the posterior boundary of the first segment, which, being 

continuous anteriorly with the unsegmented mesoderm of the 

head, is incomplete. Each somite of this segment produces ap- 

proximately half as much muscle and mesenchyma as the following 

somites. A second intersegmental fissure appears quickly and 

cuts off the first pair of complete somites, those of the second seg- 

ment. Hach somite of this segment (fig. 1) is a very irregular 

flattened mass of cytoplasm containing many nuclei, which are 

rounded or oval and are without definite arrangement. There is 
~ observable, however, a very faint indication of a division of the 

somite into upper and lower layers. 

While the third intersegmental fissure is forming, there appears 
a longitudinal constriction which lies parallel to, and a short dis- 

tance from the notochord, and divides the gastral mesoderm into 

a narrow medial zone, the somitic plate, and a broad lateral region, 
the lateral plate. This constriction extends forward so as to form 

the lateral boundary of the first and second somites and also ex- 

tends backward some distance behind the third intersegmental 

cleft. The somitic plate, like all other portions of the mesodermal 

sheet, gradually becomes thicker toward the primitive streak. 
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In embryos of three segments, the second somite (fig. 2) is 

quadrangular and is considerably thicker than before. It is now 

distinctly divided into upper and lower layers, which are con- 

tinuous with one another at the edges of the somite. The longest 

axes of the oval nuclei radiate from the center of the somite. 

Its surface is still very irregular. 

New somites are constantly forming, and each differs more or 

less from the others, as will be seen in figs. 10 to 14, which represent 

transverse sections of several newly formed somites. It seems 

wisest, therefore, to study the development of the somites of a sin- 

gle segment, the second, and then to compare these with the others. 

In embryos of six segments (fig. 3) the edges of the medullary 

plate are considerably elevated above the second segment and 

each of the somites of this segment has become an irregular tri- 
angular prism with dorso-medial, dorso-lateral, lower, and anterior 

and posterior surfaces. The first two of these arisefrom the upper 

surface of the earlier somite. The dorso-medial or medial surface 

is concave and is molded against the convex lower surface of the 

medullary plate. The dorso-lateral (which will soon become the 

upper) surface is quite irregular. The lower surface is convex. 
The medial edge of the somite is almost in contact with the noto- 

chord and its anterior end is prolonged forward so that the anterior 
end or wall of the somite slopes from above downward and for- 

ward. ‘The somite now contains a flattened core consisting of a 

few rounded nuclei and a small amount of cytoplasm. 

The coelom expands rapidly and has now divided the greater 
part of the lateral plate into an upper or parietal and a lower or 

visceral layer. It appears also in the thicker medial edge of the 

lateral plate, forming a slight expansion (C’) and finally sends a 

small tortuous prolongation through the constricted area or stalk 

which connects the second somite and the lateral plate. Thus a 

small prolongation of the coelom enters the somite and separates 

the dorsal wall of the somite from the core. It is now clear that 

each somite of the second segment for a time has no central cavity 

and is without a core. This fact was overlooked by Remak 

who believed that each newly formed somite has a central cavity, 

and by His who states that from the first the somite has a core. 
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His states that the most anterior somites do not contain cav- 

ities, but there are cavities in the first three or four somites and 

the communications between them and the coelom in embryos of 

from ten to twenty segments were discovered by Dexter (91). 

This cavity and communication appear in the second somite of 

embryos of five or six segments. Bonnet shows that the first 

four somites of sheep embryos have a similar structure and con- 
nection with the coelom. 

In embryos of nine segments, the neural tube is closed in the 

region of the second segment and consequently the shape of each 

of the second somites (fig. 4) is somewhat altered. Its medial 

surface is nearly vertical, the upper surface is larger and is nearly 

horizontal, and the lower surface is marked by a groove for the 

aorta, which has now appeared and is rapidly enlarging. The 

cortex or wall of the somite, particularly the dorsal wall, has a 

very remarkable structure which has been recognized, I believe, 

only by Held! whose figures show this structure very beautifully 

and accurately. While having the appearance of a simple or 

stratified columnar epithelium, the cortex is really an epithelioid 

syncytium of unusual character. The oval or elliptical nuclei 

are imbedded in columns of cytoplasm which proximally, 7.e., 

toward the core, are continued into a dense basal layer of cyto- 

plasm and distally end in irregular sparingly branched processes. 

Certain of these distal processes unite so as to form a faint exter- 

nal boundary of the cortex, but others extend freely into the space 

between the somite and the ectoderm and other adjacent struc- 

tures. Nuclei preparing to divide withdraw to the basal layer 

of cytoplasm, leaving conspicuous gaps in the outer part of the wall. 
I have been unable to find a single mitotic figure elsewhere in 

the somitic cortex than in close proximity to the basal layer, and 

it is interesting to note that practically all of the axes of the mi- 

totic figures are parallel to the surfaces of the cortex. Thestruc- 

ture described is quite unmistakable in the first five or six somites 
which have relatively few cells, but posteriorly it is somewhat 

obscured by the much greater number of cells in the cortex. 

1 Figures 91-96 of birds, 98-99 of the rabbit. 
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I believe, however, that the cortex of all the somites of the chick 

and, probably, of all birds and mammals, is an epithelioid syn- 

eytium of this peculiar type. 

The upper wall of the somite is thin laterally where it is con- 

tinuous with the upper layer of the lateral plate. Medially it 

gradually becomes thicker, its medial edge being nearly twice 

as thick as its lateral edge. The medial wall of the somite 

immediately underlying the thick edge of the upper wall is quite 

thin and is indented by a small groove-like evagination of the 

cavity of the somite, (fig. 4,G@.U.), for which I propose the name 

upper myotomic groove. The appearance of this groove is the first 

indication of the formation of the myotome. The cells at its 

base apparently change from a cylindrical to an oval or spheri- 

eal form in preparation for their subsequent longitudinal elon- 

gation as they become definitely recognizable myoblasts. The 

floor and the lower part of the medial and anterior walls have 

fused with the core of the somite to form a mass of mesenchyma, 

the sclerotome, or since it subsequently receives a very considera- 

ble addition from other parts of the cortex, the primary sclero- 

tome. The fusion between the core and cortex begins first at 

the anterior end of the ventro-medial edge of the somite and, 

owing partly to the expansion which accompanies the transforma- 

tion of the tissue of the somite into mesenchyma, this angle grows 

forward and medially more rapidly than the remainder of this 

edge of the somite. 

In embryos of twelve segments, a second groove appears (fig. 5, 

G.L.) in the medial wall of the second somite. This, however, 

is an invagination of the wall and lies at a slightly lower level 

than the upper myotomic groove. Since it marks the lower edge 

of the muscle plate, I propose to call it the lower myotomic groove. 

The upper myotomic groove, I believe, has never been described 

or figured. It is, however, neither as constant nor as conspicu- 

ous as the lower groove which, although often figured, has not 

been described or named. A cord of vascular cells partly fills 

the lower myotomic groove. 
The myotome is represented by a narrow zone between the 

two myotomic grooves which differs considerably from the 
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adjacent portions of the cortex of the somite. The cells or cell- 

like elements of the myotome are shorter and are more closely 

packed than those of the rest of the cortex. Moreover, the cells 

of the myotome radiate from the upper myotomic groove, up- 

ward, dorso-medially, medially, and ventro-medially. The upper 

wall of the somite is somewhat thicker and its cells are more 

closely placed than before. Its medial portion is overlaid by a 

plate of neural crest cells. 

The communication between the coelom and the cavity of 

the somite is larger than in younger embryos and is approximately 

circular in cross section, v.¢€., as seen in sagittal series. It has now 

reached perhaps its greatest development. The stalk of the 

segment is deeply constricted both on its upper and its lower 

surface, in front and behind the communication. 

The sclerotome is slightly larger, owing partly to the transfor- 

mation of more of the anterior and medial walls of the somite into 

mesenchyma. The posterior wall and the posterior ventral edge 

of the somite are still epithelioid and have not contributed to the 

formation of the sclerotome. The amount of expansion of the 

sclerotome is shown in the model (text fig. 1) and can be indicated 

precisely by the example of the second somite of an embryo of 

thirteen somites whose sclerotome in sagittal section is longer by 

nearly one-fourth than the dorsal wall, and is one-tenth longer than 

the distance between the centers of the adjacent intersegmental 

clefts. The aorta divides the lower part of the sclerotome into 

two keel-shaped processes, the aortic or lateral (fig. 5, P.A.), 

which projects downward and medially between the aorta and the 

pharynx, and the notochordal or medial process (fig. 5, P.N.), 

which, projecting toward the notochord, separates the aorta from 

the neural tube.. Fig. 119 (p. 204) in Minot’s ‘“‘Human Embry- 

ology” shows that there is a similar projection forward of the lower 

part of the sclerotome of the rabbit. 

In embryos of fifteen segments (fig. 6) the most conspicuous 

alteration of the second somite as compared with that of embryos 

of twelve seginents, is the deepening of the lower myotomie groove 

and its extension upon the anterior and, to a slight extent, upon 

the posterior surface of the somite. The groove is deep and nar- 
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row anteriorly but is broad and shallow posteriorly. The muscle 

plate underlies the medial fourth or fifth of the upper wall of the 

somite and its nuclei are gradually becoming elongated in the 

longitudinal plane, instead of as before in the transverse plane. 

The boundaries of the cells of the muscle plate are indistinct but 

are probably present. 

The further description of this somite requires a study of the 

adjacent blood-vessels which have been best described by Evans. 

His figure (’09, 2, fig. 3b) of the blood-vessels of the head of an_ 

embryo of fifteen segments shows that the anterior cardinal vein 

consists of three portions, namely, a long slender vessel, lying at 

the side of the neural tube and between it and the unsegmented 

mesoderm of the head, the vena capitis medialis; a short transverse 

portion, which I find lies between the first and second somites; 

and finally an irregular trunk which passes obliquely laterally 

and backward upon the upper surface of the parietal plate to a 

point opposite the third somite, where it opens into the common 

cardinal vein or duct of Cuvier. The latter is a minute verti- 

cal vessel which passes through the lateral plate in the mesocar- 

dium laterale (Koelliker) and joins the vitelline vein. The first 

indication of the anterior cardinal vein is seen in an embryo of 

six segments (H.E.C. no. 639). The aortae are just established 

but are still small and irregular vessels. Each aorta, however, 

gives off into the first intersegmental cleft a branch of nearly its 

own size which extends dorso-medially to the side of the neural 

tube. The aorta and its branches are connected with a delicate 

cellular network which extends between the somites, between them 

and the neural tube, and between the medial portion of the pari- 

etal plate and the ectoderm. The cells of this network can often 

be distinguished from the ordinary mesenchymal cells by slight 

differences in the intensity of the stain. They are shown by their 
connection with the aorta and by their subsequent history to be 

vascular cells. Two strands of these vascular cells are of par- 

ticular and immediate interest; one of these extends from the aorta 

upward through the second intersegmental fissure where it con- 

nects with the second strand which extends from the termination 

of the aortic branch in the first fissure, forward between the neural 
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tube and the unsegmented mesoderm of the head and backward 

between the former and the somites. Both of these strands are 

quickly replaced by blood-vessels; the former in an embryo of 
eight segments (H. E. C. no. 642) is transformed into the first 

intersegmental artery; and the latter forms the posterior end of the 
vena capitis medialis and, behind the first intersegmental cleft, 

the beginning of a chain of anastomoses between the distal ends 

of the intersegmental arteries. An apparently isolated vessel 

represents the beginning of the third or oblique portion of the 

anterior cardinal vein. 

In an embryo of fourteen segments, each aorta bears a dorso- 

lateral branch in the first intersegmental cleft. One of these is 

connected with a small and somewhat tortuous transverse vessel 

which, joining the posterior end of the vena capitis medialis and 

the anterior end of the oblique portion of the anterior cardinal 

vein, forms the transverse portion of the latter vessel. On the 

other side of the embryo, the posterior end of the vena capitis 

medialis and the distal end of the dorso-lateral branch of the aorta 

are bound together only by strands of vascular cells. Similar 

dorso-lateral branches of the aorta occur in the second interseg- 

mental cleft and are connected with the intersegmental arteries 

by transverse vessels. 

The anterior cardinal veins of two embryos of fifteen segments 

in the Harvard embryological collection (nos. 1444 and 1460) 

are in the main like those of the embryo of the same number of 

‘segments figured and described by Evans. The transverse por- 

tion of this vein in both embryos is connected with the aorta by a 

quite direct vessel or in one case by two vessels. Both embryos 

are probably younger than the one studied by Evans for in one 

(no. 1460) the common cardinal veins are not present, and in the 

other they are very minute. The second intersegmental cleft 

on each side contains a single T-shaped branch of the aorta which 
is apparently formed by the fusion of the preceding vessels. One 

arm of the T anastomoses with the posterior prolongation of the 

vena capitis medialis, the other extends upward between the stalks 

of the second and third somites and then expands in.an irregular 

flattened vessel which, uniting by minute anastomoses with simi- 
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lar vessels in the adjacent intersegmental clefts and with irregu- 

lar vessels upon the parietal plate, forms the oblique or third 

portion of the anterior cardinal vein. 

The posterior part of the anterior cardinal vein is formed, as 

Evans has shown to be the case with certain other veins, from 

several separate branches of the aorta. The first intersegmental 

artery gives rise to the posterior part of the vena capitis medialis, 

leaving that of the second intersegmental fissure to serve as the 

first definitive intersegmental artery. 

The dorsal wall of the second somite of embryos of fifteen seg- 

ments is almost separated from the lateral plate by the enlarge- 

ment of the vessels of the network which gives rise to the oblique 

portion of the anterior cardinal vein. A very narrow bridge, 

however, connects the dorsal wall of the somite and the parietal 

plate and forms the roof of the much reduced communication be- 
tween the cavity of the segment and the coelom. 

The floor and the lower part of the walls of the somite fuse with 

its core and are quickly converted into sclerotomic tissue. The 

upper part of the walls of the somite, however, has a different 

history, for instead of fusing with the sclerotome this part of the 

cortex of the somite forms a center of growth from which much of 

the mesenchyma not only of the sclerotome but alsoof the dermis 

proliferates. Moreover, in addition to mesenchyma this part of 

the somite also produces the myotome. It is important, there- 

fore, to distinguish the roof of the somite, with its bordering zone 

of growth, from the sclerotome, and for this purpose Remak’s 

name Riickentafel and its English equivalent, dorsal lamella, will 

serve. 
The lower or lateral edge of the myotome merges gradually with 

the sclerotome at the bottom of the lower myotomic groove, but 
I cannot find a center of growth here, nor can I determine whether 

or not there is a migration of cells to or from the myotome. 

The plate of neural crest cells is migrating laterally and now 

overlies the adjacent edges of the somite and parietal plate. 

In embryos of eighteen segments (fig. 7) one sees a continuation 
of the several processes described above, namely, the deepening 

of the lower myotomie groove and its further extension upon the 
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ends of the somite, the enlargement of the third part of the ante- 

rior cardinal vein and the resulting separation of the dorsal la- 

mella and the parietal plate, the migration laterally of the neural 

crest cells and the proliferation from the edges of the dorsal 

lamella of cells which contribute to the growth of the myotome 

and sclerotome. The lower myotomic groove, which is now 

scarcely more than a cleft, and the myotome underlie the medial 

half of the dorsal lamella and consequently the sclerotome is con- 
nected with the dorsal lamella only by a stalk whose diameter is 

somewhat less than half the length of the somite. 

The sclerotome of this segment now begins to fuse with the ad- 

jacent sclerotomes, and in all later embryos it is impossible to 

distinguish the boundaries of the sclerotomes of the first five or 

six segments. It is important, therefore, to note the relation of 

the sclerotome to surrounding structures. Dorsally it is bounded 

by the dorsal lamella. Laterally it is attached to the somatic 

or parietal and the splanchnic or visceral layers of the lateral 

plate. Medially it is in contact with the neural tube and the 

notochord. Its ventral surface is in contact with the aorta and 

bears the notochordal and aortic processes which come into con- 

tact with the entoderm on each side of the aorta. The dorsal 

part of the anterior surface of the sclerotome is in contact with 

the transverse portion of the anterior cardinal vein, its ventral 

part slopes forward and downward so that the notochordal proc- 

ess (Text-fig. 1.) projects forward beyond the plane of the upper 

part of the intersegmental fissure, one third the length of the 

somite. The posterior surface of the sclerotome inclines sharply 

forward and downward so as to allow the notochordal process of 

the following sclerotome to project forward under the second 

somite. 

The capillary vessels between the sclerotomes and between them 

and the neural tube have begun to sink into the sclerotomes, and 

thus the sclerotomie tissue receives its first blood-vessels. 

In embryos of twenty-five segments the dorsal lamella (fig. 8) 

inclines downward laterally at an angle of about 45° with the 

median plane. The myotome has extended laterally so as to 

unite with the greater part of the turned under lateral edge of the 
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dorsal lamella. A small stalk of mesenchyma still binds the 

sclerotome to the essentially complete dermomyotome and pre- 

vents the final fusion of the edges of the myotome and cutis 

plate or dermatome. The nuclei of the lower part of the myotome 

are distinctly larger than those of its upper or medial edge. 
Mitoses are abundant in all parts of the myotome. 

Text fig. 1. Model of the left somite of the second segments of an embryo 
of eighteen segments. The medial, anterior and part of the dorsal surface are 
seen. X 400. H.E.C. no. 1466. 

The dermomyotome is barely complete when its disintegration 
begins. This process, however, is only slightly indicated at this 
time in a small area just lateral to the center of the cutis plate. 
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As Rabl and others have shown, the cells of this area begin to 

separate slightly and to send out free distal protoplasmic processes 
toward the ectoderm. At the same time, I find that a few cells 

not in mitosis withdzaw to the basal layer of cytoplasm which 

as before is separated from the muscle plate by a cleft, the remains 
of the cavity of the somite. 

The third portion of the anterior cardinal vein (fig. 8, C.A.) 

is still farther from the ectoderm and is now separated from the 

aorta only by a rather thin sheet of mesenchyma. It extends 

outward only to the level of the upper surface of the muscle plate, 

and it is separated from the ectoderm by the lower edge of the 
dermal plate and, ventrally, by a part of the massof neural crest 

cells which is forming the ganglion of the vagus. The lateral, 

anterior, and posterior boundaries of the somite and later of the 

cutis plate, are indicated by a small acute ridge (fig. 8, R.) upon 

the inner surface of the ectoderm. This ridge now marks the 

boundary between the cutis plate (fig. 8, D) and the neural crest 

cells (V.C.) A few isolated neural crest cells can be seen mi- 

grating laterally from the roof of the neural tube. 

Evans states that ‘“‘ The center of each sclerotome is, on its upper 

surface, supplied by a sheet of closely anastomosed capillaries; 

but the outer divisions of the sclerotome are not so supplied. 

There capillaries are absent for a considerable time, so that the 

vertebral column presents a succession of vascular and non-vas- 

cular zones, the former areas in each case overlying the segmental 

vessels” (09, 2, p. 515). This statement does not hold good 

for the sclerotomes of the four cephalic segments owing doubtless 

to the fact that the cephalic sclerotomes differ considerably in 
structure (compare p. 77) from the spinal sclerotomes. The scle- 

rotomic mesenchyma of the head is divided into a vascular outer 
and upper zone above the aorta and lateral to the intersegmental 

arteries and a non-vascular zone lying beneath the neural tube and 

the notochord. Evans’ figure (cf. ’09, 1, fg. 3) shows that the 

richest capillary plexus lies in a longitudinal zone at the side of 

the neural tube and between it and the medial or dorso-medial 
surface of the sclerotomes. The capillaries of this plexus, like 

other capillaries around the sclerotomes, begin to sink into, or to 
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be surrounded by, the sclerotomic tissue when the embryo has 

about twenty segments, and in embryos of twenty-five segments 

they are quite surrounded by sclerotomic tissue. 

The notochordal processes of the sclerotomes now unite be- 

neath the notochord, separating it and the neural tube from the 

entoderm, and also unite beneath the aorta with the aortic proc- 

esses, separating the aorta of each side from the entoderm. 

In embryos of forly segments (fig. 9) the dermomyotome is 

much larger than before and is now of irregular thickness, being 

more than twice as thick at the junction of its middle and lower 

thirds as in its upper fourth. This is due to the rapid expansion 

of the tissue of the cutis plate which accompanies its transforma- 

tion from an epithelioid into a reticular or mesenchymal form. 

This transformation can be readily followed in transverse or fron- 

tal sections, for, beginning at a point somewhat lateral to the cen- 

ter of the cutis plate, the area of disintegration rapidly spreads 

in all directions until it reaches the lower, anterior, and posterior 

edges of the cutis plate. The history of the lower edge of the cutis 

plate is brief, for, as Fischel has shown, the dermomyotome of 

each of the prebrachial somites does not develop along its lateral 

or lower edge a zone of growth; consequently this edge is quickly 

transformed into mesenchyma. The zones of growth along the 

anterior and posterior edges of the dermomyotome continue for 

some time to produce streams of cells which augment the mass 

of mesenchyma, between the ectoderm and the myotome. The 

cells arising from the two centers of growth on the posterior 

edge of one and on the anterior edge of the following myotome 

form a dense mass of mesenchyma which in frontal sections is 

very conspicuous. 

The upper part (approximately one-fourth) of the cutis plate 

retains an epithelioid aspect as is well shown in figure 121 in 
Minot’s ‘‘Human Embryology.” It is differentiated, however, 

into a loose distal portion and a thin dense basal layer containing 

both dividing and resting nuclei. The latter layer forms the outer 

boundary of the cavity of the segment which is now reduced to 
a narrow cleft in the upper edge of the dermomyotome. I have 

not been able to follow in detail the further history of the upper 
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edge of the lateral layer of the dermomyotome of this somite, but 

it seems to be converted into myoblasts like the upper and lower 

edges of the lateral layers of the dermomyotomes of the trunk. 

The myotome has a clavicular form in vertical section, its upper 

edge being slightly bent toward the neural tube and its lower edge 

being strongly inclined laterally. The rapid expansion of the 

mesenchyma arising from the cutis plate has apparently caused 

the overlying ectoderm to bulge outward. The inner surface of 

the myotome is quite sharp and regular and is only loosely at- 

tached to the sclerotomie tissue. The outer surface, on the con- 

trary, is closely connected with the overlying mesenchyma and 

is somewhat irregular, owing to the formation of large irregular 

spaces. These are most abundant somewhat below the center of 

the plate, and appear to indicate the beginning of the separation 

of the myoblasts to allow the interpolation of connective tissue 

elements. Maurer’s figure (’04, fig. 24) of the dorsal edge of one 

of the dermomyotomes of the middle of the trunk of a chick em- 

bryo of five days differs in certain respects from sections of this 

and of all other dermomyotomes of the chick that I have seen. 

The outer surface of the muscle plate is represented as regular and 

well defined, not the inner surface; the medial or inner surface 

is irregular, owing to the migration of sclerotomic tissue into the 

muscle plate. Finally, the upper edge of the dermomyotome is 

very thin and acute, while in all the segments that I have seen 

it is thick and rounded. I cannot explain the wide divergence 
between Maurer’s observations and my own. 

The lower edge of the muscle plate is not well defined but mer- 

ges gradually with the adjacent connective tissue. It is slightly 
indicated, however, by a blood-vessel which passes close under it 

to supply the mesenchyma of the dermatome and which anasto- 

moses with other vessels that pass between the slightly divergent 
lower ends of the adjacent myotomes. 

The nuclei of the lower part of the myotome, as before, are larger 

and less closely packed than those of its upper part. The major- 

ity of them are elongated longitudinally, but a few, particularly 

those near the middle of the inner surface of the plate, are rounded 

or are elongated in another direction. Similarly the axes of the 
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vast majority of mitotic figures are longitudinal, but, as will be 

seen in the figure, a few are transverse or are directed otherwise 

than longitudinally. Bardeen (00) maintained against the gen- 

eral opinion that the mesenchyma between the myotome and the 

ectoderm, in the pig at least, does not arise from the cutis plate 

whose cells migrate in a mass and without losing their epithelial 

arrangement, from the middle of the anterior border of the myo- 

tome, backward, upward, and downward toward the correspond- 

ing edges of the myotome where the cutis plate cells turn over the 

edge of the muscle plate and, with the exception of a few which 

degenerate, become myoblasts. The proof of this migration lies 

in the gradual reduction in the size of the cutis plate; in the grad- 

ual transition in structure between the muscle plate and the cutis 

plate; and finally in the existence of an external membrane upon 

the periphery of the cutis plate. Nevertheless, there is no doubt 

that the cutis plate in the chick gives rise to the mass of mesen- 
chyma in question, for not only can the gradual transformation 

of the epithelioid cutis plate into mesenchyma be followed, but 
there is also no path open by which this tissue can migrate from 

the parietal plate. The ganglion of the vagus and the anterior 

cardinal vein quite fill up the narrow slit between the lower edge 

of the muscle plate and the ectoderm through which alone the 

tissue could migrate. In the majority of the segments of the 

chick, a flat wedge-shaped plate of mesenchyme projects upward 

between the lower part of the cutis plate and the ectoderm, just 

as is the case in mammals; but in these segments the structure 
and history of the cutis plate is the same as in the second segment, 

except that the cutis plate has many more cells, and there is every 

reason to believe that it produces mesenchyma. I have not had 

an opportunity to follow the development of the cutis plate in 
any mammal with sufficient care to warrant a positive assertion, 
nevertheless, the similarity in structure and development of the 
cutis plate in birds and mammals leads me to doubt Bardeen’s 
conclusions. 

The sclerotome of this somite has fused completely with the 
adjacent sclerotomes, but its anterior boundary is indicated by the 
first intersegmental vein and its posterior boundary by the first 
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definitive intersegmental artery and the second vein. Occasion- 

ally a small artery occurs on one or both sides in the place of the 

normally aborted first intersegmental artery. The outer part 

of the sclerotome is somewhat denser than its medial portion. 

The four occipital segments have only rudiments of spinal gang- 

lia, but the ganglionic commissure of the vagus extends backward 

through the somites of each side to the aborting ganglia of the 

fifth and sixth segments. No ventral nerve root forms in the 

first segment but, as Chiarugi has shown, the hypoglossal nerve 

has three roots belonging respectively to the second, third, and 

fourth segments. 
Frontal sections of the myotomeshow that its upper and lower 

edges differ considerably in form. Its upper part, in an embryo 

of forty-four segments (H. E. C. no. 98) isof nearly uniform thick- 

ness and at each end narrows sharply to an acute edge which is 

separated by.a narrow hyaline zone from the next myotome. ‘The 

middle of the myotome is thicker than its upper part and is sym- 

metrically convex. Its anterior, and to a less degree its posterior 

edge are obliquely truncated so that an acute wedge of sclerotomic 

tissue projects between the ends of the adjacent myotomes. 
The inner surface of the lower part of the myotome is more con- 

vex than its outer surface, and wedges of sclerotomic tissue, ap- 

parently the rudiments of the myosepta, separate this part of the 

myotome from the adjacent myotomes. 

Transverse sections through the middle of the last formed 

somite of embryos of two, five, ten, fifteen, twenty-five, thirty, and 

forty-four segments are represented in figures 1 and 10 to 15. The 

somites of the different regions of the body show certain differ- 

ences which, though not large, have not been sufficiently empha- 

sized, for it is assumed that all somites have the same structure 

and history. Certain investigators upon this assumption have 

tried to bridge over gaps in the development of a particular seg- 
ment by taking the structure of a more anterior or more posterior 

one as a later or an earlier stage of development. Lillie, for 

example, says (p. 185): ‘‘The manner of origin of these parts (of 

the somite) can be studied fully in an embryo of twenty-five or 

thirty somites, by comparing the most posterior somites in which 



78 LEONARD W. WILLIAMS 

the process is beginning with somites of intermediate or anterior 

positions in the series which show successively later stages.”’ 

Kollmann expresses the same idea more specifically (p. 43 and 

44):2 “A myotome from the posterior part of the trunk will be 

represented because its condition immediately follows that of the 

myotome of the embryo of two weeks, which is not the case with 

the myotomes of the anterior part of the trunk. There, in cor- 

respondence with the more advanced development of the anterior 

part of the body, the myotomes are considerably moreadvanced 

than those of the posterior part of the trunk. One can therefore 

make out various stages of development of this muscle organ’ in 

a single embryo.” 

Our attention is at once arrested by the great variation in the 

size of the somites. There is, from in front backward to the thir- 

tieth, a gradual increase in the size of the somites; beyond this, 

that is, in the caudal region, the somites gradually becomesmaller. 

The fifth somite is apparently an exception for it is nearly as 

large as the fifteenth. 

A distinet core appears first in the ninth or tenth somite and 

each sueceeding somite as far back as the thirtieth or thirty-fifth 

segment has a larger core. The greater size of the more posterior 

somites is due largely to the fact that the somitic plate from which 

they are formed is thicker posteriorly. The structures of the 
anterior part of the embryo grow more rapidly than those of its 

posterior part and consequently each somite is always larger than 

those behind it. In other words, the anterior somites, which at 

the start are smaller and more primitive than the posterior somites, 

because of their more rapid growth always keep in advance of the 

latter. Thus we see that the second somite (fig. 5) of an embryo 

of twelve segments is larger, aswell asmore advanced, than the fif- 

9 
* “Es soll hier zuniichst ein Myotom aus dem hinteren Rumpfabschnitt dieses 

Embryo geschildert werden, weil sich dessen Verhalten unmittelbar an dasjenige 

des zwei Wochen alten Embryo anschliesst, was mit den Myotomen im Vorderrumpf 

nicht der Fall ist. Dort sind sie in Uebereinstimmung mit der ganzen vorge- 

schrittenen Ausbildung des Vorderkérpers betriichtlich denen des Hinterrumpfes 

voraus. Man kann also verschiedene Entwickelungsstufen dieses Muskelorganes 

kennen lernen an einem und demselben Embryo.”’ 
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teenth somite of a slightly older embryo (fig. 12). The growth 

of the segments is shown in the longitudinal sections as well as in 

the transverse sections, as will be seen from the following table 

of measurements. 

NUMBER OF | LENGTH IN MICRONS 

SEGMENTS OF | ! 

Bas Second somite Fifth somite | Tenth somite | Fifteenth somite 

2 71 

3 78 

4 93 

5 93 93 | 

2 99 96 

8 109 99 

ae 87 | 93 
9 99 87 

10 109 96 68 

10 93 93 68 

11 99 99 74 
12 | 78 99 68 
13 | 99 | 93 aa 

15 99 96 68 | 78 

15 | 93 93 | 74 68 
17 99 93 78 | 81 

17 68 90 68 78 

ee 99, 93 84 81 

In embryos of thirty segments, all of the somites are from 139 

to 156 microns long. 
Furthermore the later somites do not recapitulate the develop- 

ment of the earlier somites; on the contrary, they merely omit 

the initial phases of the development of the earlier somites. ‘Thus 

the core gradually forms in the second somite whereas that of the 
tenth and later somites is present from the first. In the same way 

the upper myotomic groove appears in the second somite after 

the formation of the ninth segment, but in the twenty-fifth and 

thirtieth somites it appears almost at once. So also the neph- 

rotome is in a more advanced stage of development in the newly 

formed posterior segments than in the anterior segments at the 

time of their origin. 
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It is not my purpose to follow in detail the development of each 

segment, but merely to mention the most conspicuous points of 

difference, most of which are already known, between the somites 

of the head, neck, trunk, and tail, and to determine as far as pos- 

sible the relation of the somite to the sclerotome and of the scle- 

rotome to the vertebra. 

THE TENTH SOMITE 

The tenth somite will serve as a type of the somites of the neck, 

just as the second has served as an example of an occipital seg- 

ment. The structure of this somite at the time of its origin (fig. 

10) needs no description, except to note that the intersegmental 

fissures which bound it are inclined shghtly forward below. 

While the three following segments are forming, the tenth so- 

mite of each side grows considerably and, owing apparently to the 

pressure of the surrounding structures, becomes somewhat pen- 
tagonal, with nearly equal dorsal, medial, and ventro-lateral sur- 

faces and smaller lateral and ventro-medial surfaces. The single 

important structural change is the thinning out of the medial 

and anterior walls and the formation at the top of the former of 

the upper myotomic groove. 
An extensive fusionof the core with the antero-ventralangle of 

the floor of the tenth somite is present in embryos of fifteen seg- 

ments and in embryos of seventeen and eighteen segments the 

lower myotomic groove appears on both the medial and the an- 

terior walls of the somite. The newly formed notochordal proc- 

ess now replaces the ventro-medial surface of the somite and the 

ridge between the dorsal and lateral surfaces has disappeared. 

Consequently the somite is now triangular. A mesenchymal 

mass, the aortic process, projects downward between each aorta 
and the corresponding posterior cardinal vein, but it apparently 

arises entirely from the nephrotome, not from the sclerotome. 

The anterior end of the notochordal process projects some dis- 

tance forward and consequently the medial portion of the inter- 
segmental fissure is inclined forward ventrally so as to enclose 
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with the ectoderm of the dorsal surface of the embryo an angle of 

76.° This part of the sclerotome is thus carried forward one-third 

or one-fourth the length of the somite. The succeeding interseg- 

mental fissures are more and more vertical, the fifteenth being 

the first that is without any inclination forward. The sclero- 

tomes of the first fifteen somites, except the first which, it will be 

remembered, is not separated from the unsegmented mesoderm 

of the head, differ from those of the remaining somites in having 

this peculiar forward prolongation which, although it can be ob- 

served readily in transverse and sagittal and often in frontal sec- 

tions, has never before been described. The obliquity of the 

sclerotomes of the first, and presumably the most primitive seg- 

ments coupled with the well-known obliquity of the first one or 

two intersegmental clefts gives color to the suggestion that the 

segments of the chick are typically oblique rather than trans- 

verse structures and, consequently, that each vertebra arises 

from a single segment. 

The lower myotomic groove deepens rapidly and, in embryos 

of twenty segments, appears on the posterior wall of the somites 

of the tenth segment. Neural crest cells, migrating downward, 

gather in the deep anterior part of this groove. The right and left 
aortae are now moving toward the median plane and consequently 

separate the notochord more widely from the entoderm. 

The cutis plate of the tenth somite of embryos of twenty-five 

segments has nearly the same structure as that of the second so- 

mite of embryos of eighteen segments, except that, being composed 

of a greater number of cells, it more closely resembles a stratified 

columnar epithelium. ; 
The deepening of the lower myotomic groove has now reduced 

the connection between the dermomyotome and the sclerotome 

to a slender stalk. This process accompanies the differentiation 

of the scelerotome into two conspicuous but not sharply defined 

regions. The medial portion of the sclerotome becomes less 

dense owing in part at least to its expansion into the space beside 

and below the notochord; its lateral part, on the other hand, 
becomes denser. The right and left aortae have united in this 

segment forming the median cylindrical aorta, which forces the 
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notochordal processes of the sclerotome into a nearly horizontal 

position. The aortic process has been carried inward and is now 

a nearly vertical septum between the aorta and the posterior 

cardinal vein. 

In embryos of thirty segments, the dermomyotome of the tenth 

somite is quite separated from the sclerotome and is inclined 

downward and laterally approximately at an angle of 45° with the 

sagittal plane of the embryo. Its breadth (255 microns) is nearly 

twice its length (150 microns). The ventro-medial surface of the 

dermomyotome is strongly convex except at the upper and lower 

edges where it is barely coneave. Its dorso-lateral surface is 

slightly convex, both at the edge and at the center, and the inter- 

mediate zone is flat or barely concave. The central convexity 

of both surfaces of the dermomyotome is due apparently to the 

expansion of the tissue of the dermatome as it becomes mesen- 

chyma. A small central area of the dermatome is entirely con- 

verted into mesenchyma and a circular zone as broad as the 

dermomyotome is long and somewhat more than half its breadth 

is partly so. The lower edge of the dermomyotome rests upon 

the posterior cardinal vein and is partly separated from the 

ectoderm by a thin sheet of compact mesenchyma belonging to 

the parietal plate but its slight contact with the ectoderm forms a 

definite boundary which proves beyond doubt that the mesen- 

chyma in the concavity of the muscle plate cannot have migrated 

from the parietal plate. The increased breadth of the dermo- 

myotomes seems to be due to two factors—intrinsic growth and 

the addition of new material at its dorsal growing edge. The 

cavity of the segment is represented by small cavities in the upper 

and lower edges of the dermomyotome. 

The sclerotome is fusing with the adjacent sclerotomes and its 

tissue is becoming vascularized. 

Figure 17 represents a frontal section through the tenth somite 

of an embryo of forty segments. It is remarkably lke figure 120, 

p. 205, of a somite of the rabbit in Minot’s ‘‘ Human Embryology.”’ 

The dermomyotome, which in embryos of thirty segments was 

inclined approximately at an angle of 45° with the median plane, 

is now nearly vertical. The plane of the section is slightly inclined 
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upward laterally and, as the disintegration of the cutis plate has 

proceeded but slowly, the upper part of the area of partial 

disintegration is shown in the section. The spinal ganglion is 

now well defined and is quite surrounded by mesenchyma. The 

spinal nerve extends downward nearly into the section figured. 

The sclerotome is bounded anteriorly and posteriorly by the in- 

tersegmental vessels (J.A., I.V.), laterally by the muscle plate 

(M.), medially by the notochord (N), and at a higher level by the 

neural tube, ventrally by the aorta and the posterior cardinal vein. 

The sheet of sclerotomic tissue between the aorta and the noto- 

chord has become considerably thicker, and a similar but very thin 

sheet separates the notochord from the neural tube. The loose 

tissue surrounding the notochord, and extending as far laterally as 

the intersegmental arteries (J. A.), forms a continuous perichordal 

sheath in which no visible condensations occur. The interseg- 

mental arteries mark the outer limit of the future vertebral cen- 

tra and the body of each vertebra will form in this originally ho- 

mogeneous perichordal sheath which was first described by Gegen- 

baur. No portion of this sheath can be assigned with accuracy to 

any particular somite or sclerotome, for we have seen that the an- 

terior ends of the sclerotomes of the second to the fifteenth 

segments extend far forward under the preceding sclerotomes. 

Laterally to the intersegmental arteries the sclerotomic tissue 

rapidly becomes denser except in the middle of the sclerotome 

where a thin vertical zone of loose tissue, the ‘‘intervertebral 

fissure,’ divides the denser tissue into distinct anterior and 

posterior portions which take the form of square columns. These 

two columns of dense sclerotomic tissue are generally, but I 

beleve wrongly, regarded as morphological entities. There is, 

however, some difference of opinion as to their exact meaning. 

Those who hold to Remak’s theory of vertebral resegmentation as 

modified by Von Ebner, consider them to be the anterior and pos- 

terior halves of the right or left half of the ‘“‘ primitive vertebra.” 
Others, however, who accept Schauinsland’s theory (which, as was 

pointed out above, is closely related to Goette’s theory) that there 

are two ‘“‘primitive vertebrae” in each segment, regard each col- 

umn of dense selerotomic tissue as simply one-half of the anterior 
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or the posterior vertebra of the segment. These columns are, I 

believe, nothing more than centers of growth which have been cut 

off by the lower myotomic groove from the zones of growth of the 

anterior and posterior edges of the dorsal lamella of the somite. 

They certainly contain (as Von Ebner pointed out in 1892, and 

as I have maintained elsewhere) the anlagen of a large number of 

structures. The anterior, however, differs largely from the pos- 

terior column, owing, I believe, to the intrusion of the spinal 

ganglion and nerve into it and the consequent interference with its 

development. 
The cutis plate of each somite of the tenth segment of an embryo 

of forty-four segments (H. E. C. no. 98) has given rise to a large 

mass of loose dermal mesenchyma and to a wall-like peripheral 

zone of denser mesenchyma which extends from the zone of pro- 

liferation at the anterior, posterior, and dorsal edges of the myo- 

tome and from the remnant of the lower edges of the cutis plate 

to the ectoderm. The septum of denser mesenchyma is attached 

to the ectodermal thickening or ridge along the anterior, posterior, 

and lateral (or ventral) boundaries of the somite, and seems to 

draw the ectoderm toward the myotome, causing a deep invagina- 

tion of the ectoderm. The existence of this invagination around 

three sides of the somites accounts for the greater conspicuous- 

ness of the somites of entire embryos of three or four days than 

of those of younger embryos. 

The outer lamella of the rapidly growing upper edge of the der- 

momyotome is not affected by the disintegration of the cutis 

plate, for as Engert, has shown, this edge of the dermomyotome 

becomes enlarged, appearing in transverse sections like a pot- 

hook or a shepherd’s crook, and is transformed bodily into myo- 

blasts. 

The sclerotomic tissue, both of the perichordal sheath and of 

the sclerotomie columns, is considerably denser than before. 
Sympathetic ganglia are now present in the tenth segment. 

In embryos of forty-eight to fifty-two segments (H. E. C. nos. 

478, 483, and 526) the dense peripheral portion of the dermal mes- 

enchyma has become much less conspicuous except along the 

dorsal and the upper part of the anterior and posterior edges of 
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the myotome. The corresponding ectodermal ridge, however, 

has been elevated, especially its vertical portions, into an acumi- 

nate septum-like structure which in one case projects medially 

from the bottom of the ectodermal invagination 50 microns, or 

more than one-third of the distance from the bottom of the ecto- 

dermal invagination to the myotome. 

The cutaneous blood vessels pass to the skin through the gaps 

between the lower ends of the myotomes. 

The myotome is considerably thicker than before, and, except 

at its upper and lower edges, is now triangular in frontal section. 

Its outer surface is flat or shghtly convex and its medial surface 

is now divided into two equal surfaces which, facing slightly for- 

ward and backward, meet in a large obtuse angle that varies in 

different levels from about 120° to 160°. The myoblasts of the 

lateral part of the myotome are in a more advanced stage of devel- 

opment than those of the medial portion, and they seem to stretch 

from the antero-medial to the posterior medial surface of the 

myotome. The myoblasts of the medial part of the myotome are 

shorter and are more irregularly arranged than the more lateral 

myoblasts. Those in immediate contact with the medial surfaces 

near the medial angle of the myotome form an epithelioid layer. 

The transverse diameter or breadth of the intervertebral fissure 

is considerably reduced owing to the encroachment of the medial 

angle of the myotome. 

The axial mesenchyma is denser than in embryos of forty- 
four segments, and there has now appeared an extensive midseg- 

mental subnotochordal condensation which is continuous later- 

ally with the dense anterior and posterior sclerotomic columns. 

The presence of the large spinal nerve and the sympathetic 

ganglion in the anterior sclerotomic column interferes with the 

original continuity of the anterior column and therefore Froriep 

and Bardeen have conceived that the dense tissue of each seg- 

ment forms a simple lyre-shaped mass extending from the median 

midsegmental point laterally, upward, and backward. Froriep 

ealls this structure the primitive vertebral arch, and Bardeen 

names it the scleromere. Remak names its central portion the 

primitive vertebral centrum, and its lateral portions the verte- 
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bral arches. Froriep shows that the primitive vertebral centrum 

soon extends around the notochord and differentiates into the 

perichordale Faserring and the cartilaginous hypochordale Spange. 

The former takes part in the formation of the intervertebral 

joint or in mammals forms the intervertebral disc—the latter 

is the intercentrum (Mannich, ’02) or the haemal arch (Schauins- 

land, 05). Froriep further shows that the vertebral centra are 

formed from the loose tissue of the perichordal sheath between 

the successive midsegmental condensations. I believe it will be 

found that in the chick, as in the pig, cartilage arises from rela-. 

tively loose, not from dense mesenchyma, or that when it does 

arise in dense tissue it does so only after a previous loosening 

up of the dense tissue. This is certainly true of the centrum and 

intercentrum. We ought, I believe, to regard the scleromere as a 

composite structure, not as a morphological or structural unit. 

It is unwise, therefore, to try to homologize the sclerotomic 

columns or halves or the scleromere with the vertebra or with any 

of its elements. 

THE TWENTY-FIFTH SOMITE 

The twenty-fifth segment (fig. 13) at the time of its formation 

is ina more advanced state of development than the second or the 

tenth when they first appear, and it passes with great rapidity 

through the first steps of its later development. In an embryo 

of twenty-seven segments (H. E. C. no. 1520) each somite of this 

segment is already divided into the sclerotome and the dorsal 

lamella, and both myotomic grooves have appeared. ‘The upper 

myotomic groove, however, is very shallow and is so indistinct 

that it is not readily seen. The lower groove entirely encircles 

the somite and neural crest cells are already moving down into 

its deep anterior end. The newly formed sclerotome has fused 

with the preceding and following sclerotomes, but not with the 

opposite one. It is continuous laterally with the mesenchyma of 

the nephrotome and through it with that of the lateral plate. The 

aorta, the posterior cardinal vein and the connecting interseg- 
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mental vessels are present. The aorta lies directly beneath the 

somite, but it is almost in contact with the lateral plate. The 

posterior cardinal vein lies directly above the Wolffian duct which 

in turn lies in a groove between the lateral plate and the nephro- 

tomic mesenchyma. 

The twenty-fifth somite of each side in embryos of thirty-three 

segments (H. E. C. nos. 97 and 1587) is triangular. The aortae 
have moved together and have fused. The entire nephrotome 

with the posterior cardinal vein has moved toward the median 

plane, and consequently the sclerotome is now bounded ventrally 

by the aorta, the mesonephric tubules, the Wolffian duct, and the 

posterior cardinal vein. The dorsal surface of the somite, owing 

to the lateral inclination downward of the dorsal lamella, makes 

an angle of 45° with the sagittal plane. 

The lateral edge of the dorsal lamella has grown ventro-later- 

ally some distance beyond the ectodermal ridge which formerly 

marked the lateral boundary of the somite and now is pushing 

into the dense mesenchyma of the Wolffianridge. The myotome 

now underlies all of the dorsal lamella but a small areain themiddle 

of its ventro-lateral edge. The sclerotome is definitely divided 

into a loose medial and a dense lateral part. The two sclero- 

tomes of this segment have united in the median plane so that a 

nearly continuous sheet of sclerotomic tissue separates the aorta 

and the notochord. Neural crest cells continue to migrate into 

the spinal ganglion. 

After the first phase of rapid development, changes in the struc- 

ture of the twenty-fifth segment are less rapid. The dermomyo- 

tome of each of the twenty-fifth somites of an embryo of forty-four 

segments is essentially as far advanced as that of the second somite 

of an embryo of forty segments. There is, however, a striking 

difference between the two (compare fig. 16 with fig. 9). The 

ventral edge of the dermomyotome of the twenty-fifth somite 

contains a center of growth and extends downward until it comes 

in contact with the coelomic epithelium. This edge of the 

dermomyotome thus comes to lie medial to a large wedge-shaped 

process of the mesenchyma of the Wolffian ridge. This process 

extends upward between the dermomyotome and the ectoderm to 
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‘the longitudinal ectodermal invagination which marks the for- 

mer lateral boundary of the somite. The center of the cutis 

plate, comprising about one-third of the whole, is now entirely 
transformed into dermal mesenchyma, and the adjacent portion 

of the cutis plate, including perhaps another third, is partially 

transformed into mesenchyma. The dermal mesenchyma of 

this somite is quite dense. It extends from the myotome to the 

ectoderm and it also projects in the form of a thin sheet between 

the partly transformed area of the cutis plate and the ectoderm. 

Ventrally the dermal mesenchyma reaches nearly to the upper — 

edge of the mesenchyma of the Wolffian ridge, from which, how- 

ever, it is separated by a small space that intervenes between the 

ectodermal ridge and invagination that mark the former lateral 

boundary ofthe somite and of the dermomyotome. The presence 

of this gap between the mesenchyma of the cutis plate and that 

of the parietal plate makes it clear that the former does not arise 

from the latter but that the two mesenchyma masses arise sepa- 

rately. The later development of the myotomes of the trunk has 
been followed by Engert. 

THE FORTY-FOURTH SOMITE 

The history of the forty-fourth segment does not differ much 

from that of the twenty-fifth segment except that shortly after 

its differentiation into muscle, and dermal and axial connective 

tissue, it degenerates. In an embryo of forty-nine segments 

(H. E. C. no. 478) the core of each somite of this segment has 

fused with the lower part of its cortex and both the upper and the 

lower myotomic grooves are present. The upper groove is more 

distinct than in the twenty-fifth segment, and the lower groove 

is deeper on the lateral than on the medial surface of each somite. 

The dermomyotomes of the forty-fourth segment of an embryo 

of fifty-one segments (H. E. C. no. 526, 5 days), are complete, 

but are not cut off from the sclerotomes. The sclerotomes of 

this segment have fused with the large mass of hypomerous 

mesenchyma and with the adjacent sclerotomes. 
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In an embryo of fifty-two segments (H. E. C. no. 344, 5 days 

16 hours) which, however, is considerably older than the one of 

fifty-one segments, the mesenchymal mass (fig. 18, S) formed by 

the fusion of the sclerotomes with the hypomerous mesenchyma 

almost surrounds the dermomyotomes of the forty-fourth seg- 

ment and meets above the neural tube. The dermomyotome is 

still intact notwithstanding the conversion of the central part of 

the cutis plate into mesenchyma. The lower edge of the dermo- 

myotome and that of the myotome are somewthat enlarged. The 
upper edges of both are thin. 

In transverse sections we find, in the upper part of the sections, 

four layers of tissue between the ectoderm and the notochord 

namely, a layer of mesenchyma (fig. 18, S) which extends upward 

between the dermatome (D) and the ectoderm nearly or quite to 

the top of the dermomyotome; a second layer of mesenchyma rep- 

resenting the central part of the cutis plate (D) ; the myotome (M); 

and a thick layer of sclerotomic tissue which is divided into a 

lateral zone, of dense and a medial zone of looser tissue. 

In asomewhat older embryo (H.E. C. no. 485, 5 days, 18 hours) 

the dermal mesenchyma has fused with that between the dermo- 

myotome and the ectoderm, and the resulting mass of tissue is 

supplied with a rich plexus of blood vessels. The lower edge of 

the myotome bears a small epithelioid cap which represents a 

much reduced ventral zone of growth. The upper edge of the 

myotome bears a somewhat rounded zone of growth. 

SUMMARY AND CONCLUSIONS 

Although the somites have the same fundamental structure 
in all parts of the body, they differ greatly in many respects. 

The first somite at its origin is the smallest of the entire series, 

with the possible exception of some of the degenerate caudal 

somites, and each succeeding somite of the neck and trunk is 

larger than the preceding somite. 

Every somite, owing to the rapid growth of the anterior part 

of the embryo, is larger at any one time than any of the following 

somites. 
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A given somite does not recapitulate the development of each or 

any preceding somite; on the contrary, each succeeding somite 

is in a more advanced structural condition at the time of its 

formation than the preceding somites. 

Each somite divides first into the primary sclerotome, formed 

by the fusion of the core with the floor and the lower part of the 
walls of the somite, and the dorsal lamella which consists of the 

roof or dorsal wall of the somite and a bordering zone of growth 

developed in the upper part of the medial, anterior, and posterior 

walls and, in the somites of the trunk, of the lateral wall also. 

The dorsal lamella gives rise to the dermomyotome and also, I 

believe, to two large dense masses of sclerotomic mesenchyma, the 

anterior and posterior “halves” of the sclerotome, or, as I perfer 

to call them, the anterior and posterior sclerotomic columns. 

The myotome, or muscle plate, is formed in a large measure, 

particularly in the occipital and cervical regions, by proliferation 

from the medial edge of the dorsal lamella but in the trunk and to 

a less degree in the tail, the lateral edge of the dorsal lamella 

contributes to its growth. 

The anterior and posterior edges of the dorsal lamella contrib- 

ute but slightly to the myotome. They produce, however, a 

large amount of mesenchyma which is added to the primary sclero- 

tome and which forms the dense anterior and posterior columns 

of the secondary sclerotome. 

The sclerotomic columns, which are usually regarded as mor- 

phological units that represent one or more elements of a primary 

or secondary vertebra, are actually composite structures in which 

the several morphological elements cannot be distinguished. 

The perichordal sheath, in which the centra and intercentra 

arise, is formed by the fusion of the notochordal processes of the 
primary sclerotomes. The notochordal processes of the first 

fourteen pairs of sclerotomes, exclusive of those of the first seg- 

ment, grow far forward under the preceding segments; conse- 

quently parts of the perichordal sheath can be only vaguely as- 

signed to particular segments. Each centrum arises in an inter- 

segmental part of the perichordal sheath and is formed from loose 

tissue; each intercentrum, on the contrary, arises in a midsegmen- 
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tal condensation. The ribs in the same way arise in the dense 
tissue of the posterior sclerotomic columns. There is, therefore, 
much reason to believe that in the chick cartilage arises from 
relatively loose as well as from dense tissue and also that dense 
tissue always becomes somewhat looser before cartilage forms in 
it. I have maintained in a former paper that cartilage arises 
in this manner in the pig. 

There is a possibility that the forward growth of the lower part 
of the sclerotome is a typical condition in vertebrates and, con- 
sequently that the vertebrae are truly segmental structures. 

Paterson showed that the dorsal and ventral edges of the dermo- 
myotomes of the trunk grow rapidly upward and downward re- 
spectively into the membrana reuniens superior and inferior. 
They are ultimately converted, as Engert shows, en masse into 
myoblasts and form the thick dorsal and ventral edges of the 
myotome. 

Rabl was right in asserting that the cutis plate in the chick 
gives rise to dermal connective tissue, and I question the cor- 
rectness of Bardeen’s theory that the cutis plate in the pig pro- 
duces only myoblasts. 

Finally, I wish to call attention to the circumstance that the 
anterior cardinal vein arises in part from a branch of the aorta 
that is comparable to the first intersegmental artery. 
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EXPLANATION OF FIGURES 

All figures are from series in the Harvard Embryological Collection. All figures 

except the text figure, are of the same magnification, 280 diameters. 

Figures 1 to 9 represent transverse sections through the middle of one somite 

of the second segment of chick embryos. 

1 From an embryo of two segments. Series 627, section 107. 

From an embryo of three segments. Series 629, section 100. 

From an embryo of six segments. Series 632, section 120. 

From an embryo of nine segments. Series 645, section 149. 

From an embryo of twelve segments. Series 1449, section 183. 

6 From anembryo of fifteen segments. Series 1460, section 163. 

7 From anembryo of eighteen segments. Series 1466, section 170. 

8 From an embryo of twenty-five segments. Series 89, section 144. 

9 From an embryo of forty segments. Series 100, section 150. 

Figures 10 to 15 represent similar sections through one of the somites of the last 

segment of embryos of different ages. 

10 From an embryo of five segments. Series 632, section 141. 

11 From anembryo of tensegments. Series 42, section 257. 

12 From an embryo of fifteen segments. Series 1460, section 314. 

13 From an embryo of twenty-five segments. Series 89, section 408. 

14 From an embryo of thirty segments. Series 95, section 395. 

15 From anembryo of forty-foursegments. Series 98, section 287. 

16 Somewhat oblique transverse section of one dermomyotome of the twenty- 

sixthsegment of anembryo of forty-foursegments. Series 98, section 257. 

17 Frontal section through the left somite of the tenth segment of an embryo 

of forty segments. Series 100, section 50. 

18 Transverse section of one dermomyotome of the forty-fourth segment of an 

embryo of fifty-two segments (5 days, 16 hours). Series 344, section 228. 
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A Aorta. I. V Intersegmental vein. 

2 © Coelom. M Myotome. 

(! Remnant of the cavity of the 

somite. M.P Myocardial process of the late- 

C. A Anterior cardinal vein. ral plate. 

C. P Posterior cardinal vein. N Notochord. 

D Dermatome. N.C Neural crest. 

D.M Dermomyotome. P. A Aortic process of sclerotome. 

FE Eetoderm. P.N Notochordal process of sclero- 

r Entoderm. tome. 

G. L Lower myotomic groove. S Hypomerous mesenchyma. 

G. U Upper myotomic groove. V Vascular cells. 

I. A Intersegmental artery. 
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THE NERVES AND NERVE ENDINGS IN THE 

MEMBRANA TYMPANI OF MAN 

J. GORDON WILSON 

Department of Otology, Northwestern University Medical School 

SIX FIGURES! 

THREE PLATES 

The membrana tympani though recognized by the anatomist 

to be a structure admirably adapted to play an important part 

in the mechanism of sound conduction, has not, until recently, 

received from the neurologist the attention it would appear to 

merit. At present the description of the nerve distribution in 

this membrane in mammals, with the exception of man, may be 

said to be in the main satisfactory. In man the account is not 

only meagre but lacking in many essential details. It is con- 

tained in the work of Kessel published in 1872, when the technic 

for nerves and nerve endings was less satisfactory than it now is. 

So far as I know, excepting a drawing by Kessel, believed both 

by Jacques and myself to be inaccurate, there have not appeared 

any illustrations of the nerve distribution. It is difficult to ac- 

count for this indifference. While it may be due in some small 

measure to a lack of appreciation of the importance of this mem- 

brane, it is mainly to be accounted for by the difficulty of the 

technic inherent in its structure. In a former paper (’07a) I 

described the mode of distribution and the varieties of endings 

found in the membrana tympani of the rabbit, dog, cat and 

monkey; in this paper I propose to extend these investigations to 

the membrana tympani of man. 

1 The drawings have been made by Herr R. Schilling of Freiburg, and Miss 

Hill of the University of Chicago, to whom I wish to express my sincere thanks. 

THE AMERICAN JOURNAL UF ANATOMY, VOL, 11, No. 2 

i JANUARY, 1911 
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The literature of the nerve distribution in this structure in 

mammals is by no means voluminous. In addition to the work 

quoted above, it is contained in papers by Kessel, Jacques, Cala- 

mida and Deinike. Of these the only author who has described 

the nerves in the membrane of man is Kessel. Jacques’ work was 

done in the membrane of the cat and dog; Calamida’s investi- 

gations were carried out on several of the lower animals—horse, 

eat, goat, ete.; Deinike limited his work to the ox and horse. 

The papers of Jacques, Calamida and Deinike are not here re- 
viewed as they do not bear directly on the nerves in man and 

further since this has been done sufficiently in a former paper. 

Within the last year an article has appeared by Gemelli on the 

nerves in the cat, horse, dog and ape. 

Kessel found that in man the principal nerve, composed of 

medullated fibers, passes from the external auditory meatus, on 

to the membrane at the upper part of the posterior segment close 

to and behind the artery. In the onward course of the nerve 

branches are given off which accompany the vascular twigs. 

Corresponding to the forking of the artery over the manubrium 

the nerve divides into two branches of which one supplies the an- 

terior, the other the posterior and lower part of the manubrium. 

Besides the main trunk several smaller nerves, accompanying 

blood vessels, pass to the membrane from various parts of the 

periphery. All these nerves in their course give off branches 

which lie between the cutis and membrana propria forming what 

he calls the ground plexus. Fibers also enter the membrana 

tympani from the plexus tympanicus; these fibers reinforce the 

nerve supply which reaches the mucous membrane from the 

cuticular side. The ultimate distribution of these nerves is to be 

found: 

(a) around the capillaries—forming a capillary plexus, 

(b) under the stratum Malpighii—forming a subepithelial 

plexus, 

(ec) under the mucous membrane—forming a submucous plexus. 

As a result of staining with chloride of gold he describes 
(d) in the course of the capillaries single nerve fibers consisting 

of axis cylinders in which are nodal swellings, containing anucleus, 
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at which two or more branches may be given off; these he regarded 

as probably ganglion cells; 

(e) in the plexus under the stratum Malpighii many bi- and 

multipolar ganglion cells. 

It is no easy task to obtain good results in investigating the 

nerves of this membrane. Like most of the investigators— 

Jacques, Calamida and Deinike—I find that ordinary staining 
methods are inapplicable. Osmic acid, apart from its limi- 

tations to medullated nerves, so blackens the tissue as to make 

it difficult to follow the nerve. Gold and silver salts cause so 

great a precipitate as to make them unsuitable for satisfactory 

work. Methylene blue is here an ideal method. The very thin- 

ness of the membrane, so objectionable for the other methods, 

renders it for this the more suitable. It is the method I have 

chiefly used; at times I have found a useful substitute in a com- 

bination of methylene blue and osmie acid. 

The method employed in this research was. as follows: after 

removal of the brain, the petrous temporal bone was loosened 

from the adjacent parts by means of a small chisel and then care- 

fully lifted out, cutting with a knife its fibrous and muscular 

attachments below. It comes away easily, leaving the tympanic 

membrane intact in the tympanic bone with the malleus attached 

to it. Usually the incus remains attached to the malleus; the 

stapes always comes away with the petrous portion. It is of 

some interest from the operative point of view to note that the 

attachment of the foot plate of the stapes to the foramen ovale 

is firmer than that of the incus to the stapes. 

The edges of the membrana tympani and the adjacent part of 

the covering of the external auditory meatus are now loosened 

and removed leaving the malleus still attached. By this means 
there can be detached the whole drum membrane with as much 

of its mucous layer extension to the middle ear and of the cuticular 

layer to the external meatus as may be desired. These are im- 

mersed in a.weak solution of methylene blue (three to six drops of 

a % per cent solution in 20 cc. of normal salt solution), which has 

been warmed to a temperature of 37°C. The tissue in this solu- 

tion is placed in a thermostat at 37° C. for three to eight minutes. 
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This warm solution dissolves the fatty material which lies on the 

surface of the membrane, loosens the epithelial scales, and in- 

creases the action of the dye on the nerves. The effect may 

be increased by brushing the external surface of the membrane 

with asmall clean camel’s hair brush dipped in the fluid. Finally 

the membrane is exposed to the air on a clean glass slide with 

the side uppermost on which one wishes to get the better repre- 

sentation of the nerves, usually the external. During this process 

the tissue is kept moist with a solution of methlyene blue at a 

temperature of 37° C. of the following strength: 

Methylene blue (nach Ehrlich) 0.5 per cent sol..........10 ce. or 5 ce. 

walt solution” (0:75 percent) neeseeer eee eer eer eae 90 ce. or 95 ce. 

The time at which the nerves begin to appear varies with the 

period after death at which the tissue is obtained, the sooner 

after death the earlier they appear, but I have obtained results 

six or eight hours after death when the body has been kept in a 

cold chamber. If nerves do not appear within one hour it may be 

regarded as useless to persevere. The dye is fixed in the nerve 

by immersion of the tissue in an 8 per cent ammonium molybdate 

solution. The subsequent treatment consisting of washing in 

water, passing through alcohol and xylol, has been fully described 

in a recent paper ('10b). The membrane may be mounted entire 

in Canada balsam, or, the malleus being removed, it may be im- 

mersed in paraffin and cut. Counterstaining when required, 

appears to me to be best obtained by a weak alcoholic solution 

of orange G. acid fuchsin. 
I find what may be called the principal nerve of the membrana 

tympani, n. tympanicus major (n. t.m.), enters as a broad bundle 

of fibers from the posterior edge of the membrana flaccida, on 

the upper posterior segment of the membrana tensa (fig.1).! It 

has an intimate relationship to the artery of the manubrium (a. 
m.t.), the vessel at first lies posterior to the nerve but as the ves- 

‘In a single methylene blue preparation not all the nerves take up the dye; in 

one a particular group will appear well, while in a second it may be a different group. 

This is particularly so in the human membrana tympani where the tissue is not 

usually obtained till some hours after death. In the preparation from which this 

drawing was made many of the nerves in the posterior superior and in the inferior 

anterior quadrant did not stain. 
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sel and nerve approach the manubrium the artery passes under 

the nerve and inthe rest of its course lies adjacent to it, but nearer, 

to the manubrium. As the nerve bundle passes downward it 

frequently gives off branches which pass outwards towards the 

limbus, on the anterior side passing over and external to the manu- 
brium. At a point inferior to the middle of the manubrium the. 

nerve bundle spreads out and while at first the majority of its 

fibers still have a downward direction, the general tendency and 

ultimate courseis towards the limbus. A considerable number pass 

over the manubrium; of these some may be traced to the anterior 

limbus, but the greater number break up and get lost in the 

plexus over the manubrium or anterior to it. At the apex of the 

manubrium the fibers radiate out; some curving round the apex, 

join fibres which have crossed the manubrium, and pass out to the 

anterior limbus. In short, while the main nerve is passing down- 

wards along the manubrium it is constantly sending off on each 

side branches which have a general direction towards the pe- 

riphery. A smaller but well marked nerve bundle which has 

branched off from the main trunk in the external auditory meatus 

enters the membrana flaccida slightly superior to the main bundle. 

It is directed towards the anterior superior segment, and passes 

sometimes directly over the processus lateralis, but always within 

a short distance of it. 

In addition to these, numerous smaller bundles pass in from the 

external auditory meatus not only over the membrana flaccida, 

but all around the periphery. At the limbus these fibers can be 

noted at short irregular intervals entering under the epidermal 

prolongation. While the general direction of their main stem is 

towards the center of the membrana tensa, both external and in- 

ternal to the limbus, branches are given off which form a well 

marked plexus, the zonular plexus, from which fibers radiate 

toward the center. 

The radiating fibers whether coming from the nerves entering 

at the membrana flaccida or from the limbus give off numerous 
twigs and gradually get smaller. These twigs, in the main non- 

medullated or with a very faint medullary sheath, after usually 

a long course during which they repeatedly divide, pass into: 
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(a) a wide meshed plexus in the fibrous tissue, through which 

pass most of the fibers which help to form either, 

(b) a subepithelial plexus under the cuticular layer, or 

(c) a subepithelial plexus under the mucous layer. 

From these plexuses the fibers can be traced to various endings, 

in some cases looping through the plexus they pass into another 

nerve stem and so reach their endings. 

There are fibers which enter from the tympanic cavity. These, 

few in number compared with those from the meatus acusticus 

externus, come from the plexus tympanicus. They ultimately 

enter the plexuses in the fibrous tissue and underthemucouslayer. 

(a) The wide meshed plexus, the Grundgeflecht of Kessel and 

Deinike, is abundantly distributed throughout the whole fibrous 

tissue. It consists chiefly of the ramifications and interlacings 

of the nerves which enter from the meatus externus though fibers 

also reach it from the tympanic cavity. From it fibers are dis- 

tributed to the subcutaneous and submucous plexuses, as well as 

to the endings in the connective tissue. On account of the wide 

meshes of which the plexus is composed it is easy to follow a 

single branch for a long distance. Thus in fig. 2 a branch given 

off from a nerve n entering from the meatus externus canbe traced 

through repeated dichotomus divisions till it finally ends in a sim- 

ple branched ending (c) in the sub-epithelial plexus. In addition 

to these some very complex endings are seen in the fibrous tissue 

consisting of an intricate interweaving of a frequently dividing 

nerve fiber (fig.3). Into these endings there is often seen entering 

a second nerve (s), very fine and varicose. I have been unable 

to identify in man any of the plate-like endings described and fig- 

ured by Deinike in the horse which lie between the radiating and 

circular fibers; or those endings figured by myself in the dog lying 

in the connective tissue in this area. 
In the fibrous tissue near the periphery there are seen several 

varieties of endings whose size, shape and poorly developed cap- 

sule enable one to classify as modified vater-pacinian corpuscles 

(figs. 4 and 5). They lie immediately under the epithelium, no 

papillae being present in this area or in any part of the membrana 

tympani. In all these capsulated endings the interlacings are so 
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complex and lie at such varying levels that it is impossible to 

give any delineation which would exactly represent what exists. 
To do so would only result in inextricable confusion. So it has 

been found advisable to draw only the most evident of these 

windings. Inside the capsule in fixed preparations there appears 

a clear space which is due to a retraction of the fine fibrils during 

the process of fixation. The impression given by unfixed prepar- 

ations is that the ending is lying in a clear semi-fluid substance 

enclosed within the capsule; the clear space within the capsule 

does not appear. The sheath of Henle blends with the capsule. 

At the distal end a fine twig may pierce the capsule, divide and end 

in the epithelium immediately above the ending (fig. 5). At times 

a second, very fine varicose fibril can be seen to enter the capsule. 

These endings are frequently to be found in man though I have 
failed to find similar endings in the dog, cat or monkey, nor are 

they described by any of the other writers. As is known modified 

vater-pacinian corpuscles are widely distributed in the skin. 

They have been chiefly described in the tela subcutanea of the 

genital organs and in the conjunctiva. It is interesting to note 

their presence in the latter where they lie immediately under the 

epithelium, no papillae being present, since as will be referred to 
later there is a close correspondence between the nerve distri- 

bution in the cornea and membrana tympani. 

The subepithelial plexus, ausseres oberflachliches Geflecht of 

Deinike, consists of interlacing bundles of very fine varicose 
fibrils lying directly under the deepest layer of the epidermis. 

Many of these fibrils end after a long course in the terminal part 

of which they run in the deeper layer of the epidermis (fig. 6.) 

There is thus formed an intra-epithelial plexus from which fibers 

pass upward towards the surface and end between the cells as 

fine points. These endings often appear as knobs, but it appears 

to me that the knob-like processes are probably artifacts produced 

by the dye at the terminal] point, for in the best stained and sharply 
defined preparations the fine points are chiefly seen, whereas in 

the less satisfactory preparations the bulb-like point predominates. 

It is no unusual thing to trace a fiber a long distance through the 

subepidermal plexus and even through the intra-epithelial plexus, 
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then back into a different nerve bundle from the one it originally 

eame from. These fine or bulb pointed endings are the only ones 

to be found in the epidermis. I have never seen any touch cor- 

puscles. Lying in the connective tissue under the epidermis, 

in close proximity to the subepithelial plexus, are the branched 

endings shown in fig. 2. 

The submucous plexus, the inneres oberflaichliches Geflecht 

of Deinike, consists of interlacing fibers lying in the mucous layer 

under the epithelial lining. In close relation to it are also branched 

endings similar to those shown in fig. 2. 

The blood vessels are abundantly supplied by non-medullated, 

varicose nerve fibrils. These enter along with the main vessels 

both over the pars flaccida (Shrapnell’s membrane) and at the 

periphery and can be traced to the smaller vessels, forming the 

well known vaso-motor plexuses. 

Contrary to the opinion of Kessel no ganglion cells are to 

be seen anywhere in the membrana tympani. Such swellings as 

at times appear after gold chloride impregnation are to be identi- 

fied as nodal points or sheath cells. 

The close analogy between the nerve distribution in the mem- 

brana tympani and the cornea was pointed out by Jacques. It 

will be noted that we have the zonular plexus of the former cor- 

responding to the annular plexus of the latter, the ground plexus 

to the fundamental plexus, and a subepithelial and intra-epithelial 

plexus in both. Ina former paper (’07b) I ventured the following 

remark: “One is tempted to carry the analogy further and to say 

that as in the cornea pain and not touch appears to be the sensa- 

tion evoked, so also in the membrana tympani one might expect 

that the slightest pressure would evoke unpleasant sensations, 

passing into pain, a fact well borne out by clinical observations.” 

Since then I have made many observations to test this hypothesis 
and find that it is undoubtedly true. By lightly touching the 
membrana tympani either witha small piece of cotton wool or a 

fine hair mechanical stimulation from the threshold possesses 

unpleasantness. My results have been briefly stated in a recent 
paper (’10a), as follows: “‘if this membrane be touched with a fine 
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hair according as the pressure stroke of the hair is increased so 

‘ do we pass from unpleasantness through acute pain in the ear to 

pain radiating along the n. auriculo-temporalis. This it appears 

to me is the impress put upon the organ through its phylogenetic 

history that injury will entail serious results to the individual, 

a case illustrating what Sherrington would probably call ‘a selec- 

tive adaptation attached to a specific sense of its own injuries.’”’ 

As in the cornea so in the membrana tympani there is in the epi- 

thelium but one morphological variety of nerve ending, namely, 

free endings lying near the surface between the epithelial cells. 

Moreover we have in the membrana tympani one other modi- 

fied skin structure in which pain is the only species of sensation 

which can be evoked. From this it would appear that in this 

structure there is additional support for Sherrington’s hypothesis 

that the noci-ceptive organs of the skin are probably naked nerve 

endings. 

In a former paper (’07a) there were stated the experimental data 

on which I based my claim that the nerve supply of the membrana 

tympani came chiefly from the n. mandibularis through the n. 

auriculo-temporalis and to a less extent from the n. vagus. Briefly 

these were that in dogs and monkeys, after section of the n. man- 

dibularis at its exit from the foramen ovale and of the n. auriculo- 

temporalis under the mandible, degeneration was observed in the 

nerves of the meatus acusticus externus adjacent to the membrana 

tympani as well as in the nerves of that membrane. Recently 

it has been asserted by Hunt that the chief nerve supply comes 

from the ganglion geniculi of then. facialis. The chief arguments 

which Hunt advances in favor of this view are based on: 

1. The findings of comparative anatomy that the very consid- 

erable afferent distribution of the facial in the lower vertebrates 

has “in the course of phylogenetic development undergone a 

considerable shrinkage and displacement by the n. trigeminus. 

A vestigial remnant in the mouth is still demonstrable and an 

important sensory innervation of facial origin still exists in the 

middle ear and in the external ear.’’ But there is no proof that 

in the lower vertebrates above the cyclostomes there are sensory 
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fibers from the facial to the skin except in fishes for the innerva- 

tion of special sense organs belonging to the gustatory or lateral 

line system. Herrick has frequently asserted that there is no 

proof that the geniculate ganglion ever sends general sensory 

fibers to the skin; in all eases where generalsensory fibers distribute 

to the skin by branches of the facialis they either have a separate 

root of their own (as in cyclostomes) or enter the facialis distal to 
the geniculate ganglion by anastomosing branches from the gas- 

serian ganglion of the trigeminus. 

2. The experimental results of Amabolino who after cutting the 

n. facialis at the stylo-mastoid foramen found retrograde degener- 

ation in the cells of the geniculate ganglion. These results do 
not show as Hunt asserts that these filers “are destined for the 

cutaneous distribution of the facial to the external ear.” It sim- 

ply proves that the facial contains afferent fibers, which may be 

and certainly some are nerves of deep sensation. 

3. Clinical observations: (a) in the loss of sensation accom- 

panying facial paralysis; (b) in herpes oticus with paralysis of the 

n. facialis. 

(a) Tests for anaesthesia in this area must necessarily be unsatis- 

factory because of the very considerable overlapping of sensory 

nerves. Asaresult of my own observations as well as from a 

study of the cases quoted by Hunt I am convinced that such evi- 

dence cannot give data accurate enough to decide the point at 
issue. 

(b) The frequency of the association of herpes oticus with par- 

alysis of the pn. facialis and with auditory symptoms appears to 

lend considerable weight to Hunt’s hypothesis and cannot be 
summarily dismissed. Although herpes oticus is comparatively 

rare yet Hunt has carefully collected a number of cases in which 

this association is a marked feature. But as he points out facial 

paralysis also occurs with herpes facialis and herpes occipito-col- 

laris. He explains this by an associated inflammation of the 

geniculate ganglion “based on the well recognized tendency of 
this affection to produce inflammatory changes in a series of spinal 

ganglia. The Gasserian, geniculate and upper cervical consti- 
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tute such a serial chain” (p. 84). As the “ganglion of the audi- 

tory nerve may be primarily involved in zona’”’ (p. 340), and so 

would be embraced within this series, it only remains to explain 

the implication of the facial from inflammatory changes in the 

geniculate. 

I recognize the cogency of Hunt’s arguments but feel that some- 

thing further is required to elucidate the point in question. There 

are two obvious possibilities, namely, that the fibers which I have 

shown reach the external auditory meatus by the n. auriculo- 

temporalis may come from the geniculate through the n. petrosus 

superficialis minor and the further possibility that fibers may pass 

from the n. facialis to the auricular branch of the n. vagus and 

so reach the meatus. In order to arrive at a conclusion in this 

possible peripheral distribution I have recently destroyed the 

geniculate in dogs and monkeys so as not to involve the ninth or 

tenth cranial nerves nor the branches from the second and third 

cervical. When the series are completed I hope to publish the 

results. 

CONCLUSIONS 

The membrana tympani of man is chiefly supplied by nerves 

which enter from the external auditory meatus. These pass in 

(1) as one large trunk along with the principal artery; (2) as 

numerous small branches around the periphery. 

These form a plexus in the fibrous tissue from which branches 

are distributed to a sub-epithelial and a sub-mucous plexus. In 

addition there are to be distinguished a zonular and an intra-epi- 

thelial plexus. 
There are nerves, fewer in number, which enter from the tym- 

panic cavity. 

The blood vessels are well supplied by vaso-motor nerves. 

Only one variety of nerve ending is seen in the epithelium. In 

the fibrous tissue both subcutaneous and submucous there are 

found nerve arborisations; at the periphery modified vater-pac- 

inian corpuscles are present. 

No ganglia are to be seen. 
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The nerve supply comes from the n. auriculo-temporalis and the 

n. vagus. We have not sufficient evidence to prove that nerves 

reached it from the ganglion geniculi. 

The sensation produced by lightly touching the membrane is 

pain and this is to be associated with irritation of the particular 
nerve endings found in the epithelium. 
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PLATE 1 

EXPLANATION OF FIGURE 

1 Nerve distribution in the right membrana tympani of man. The pars flaccida 

with the head of the malleus has been removed. The nerves were stained with 

methylene blue and the specimen was mounted in Canada balsam. During the 

process of mounting the manubrim mallei was twisted so that the processus later- 

alis (p./.) is tilted posteriorly. The main nerve trunk (n.t.m.) together with the 

artery (a.m.t.) is seen entering over the posterior superior quadrant. Not all the 

peripheral nerves (p.n.) took up the dye but a sufficient number to give an ade- 

quate representation of their mode of distribution at the limbus. 

/. a.—limbus membranae tympani anterior 

l. p.—limbus membranae tympani posterior 
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PLATE 2 

EXPLANATION OF FIGURES 

2 Course of a nerve passing in from the periphery to end in the sub-epi- 

thelial plexus. From the peripheral medullated nerve (7) a branch (b) is given 

off near the hmbus. From (6) numerous twigs branch off in the fibrous tissue with 

a common direction towards the sub-epithelial plexus. In the course of division 

the medullary sheath gets fainter and finally disappears. Terminal branches (c) 

were seen breaking up in the sub-epithelial plexus. Zeiss comp. oc. 4, obj. 8 mm. 

and obj. 2 mm. 

3 A branched non-capsulated ending in the fibrous tissue of the membrana 

tympani. The nerve (n) breaks up into a dense mesh work of fibers from which 

off-shoots go forward into the adjacent connective tissue. <A fine varicose fibril 

(s) passes into the network and is there lost. Zeiss comp. oc. 4, obj. 3 mm. 
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PLATE 3 

EXPLANATION OF FIGURES 

4 Modified vater-pacinian corpuscle at the periphery of membrana tympani 

of man. A nerve (7) 1s seen entering the capsule surrounded by the sheath 

of Henle (h) which blends with the connective tissue of the capsule (c). The nerve 

as soon as it enters the capsule begins to send off numerous fine fibrils, which wind 

in and out at varying depths interlacing freely among themselves. The main 

trunk, gradually getting thinner, can be followed to near the distal end in a tor- 

tuous course through the intricate interlacing of the fibrils. Before entering the 

capsule the nerve has a faint medullary sheath which it loses before piercing the 

capsule. The capsulated sheath is poorly developed, but can be easily distin- 

guished in the ordinary preparation. It is well brought out with eosin or acid 

fuchsin. 

5 <A modified vater-pacinian corpuscle. <A fiber (m) with at first a faint 

medullary sheath runs into the thin capsulated ending. The breaking up is by 

dichotomous divisions; the first division takes place about one-fourth of the length 

of the ending from its proximal part. The numerous rami freely interlace and 

finally end as fine bulbous points, apparently just under the capsule. The form 

of the ending is long and spindle shaped. It is divided into two nearly equal parts 

by a connective tissue diaphragm (d) which passes from the inner side of the capsule. 

The proximal half is entirely supplied by the first division of the nerve; the other 

half is distributed to the distal half. From the distal end a fine fibril (7’) passes 

out through the capsule to end, after dividing, in the sub-epithelial tissue. 

6 Sensory endings in the epithelium of the membrana tympani of man. 

Several non-medullated nerves, some.of which can be followed for a considerable 

distance in the sub-epithelial plexus, run between the deeper layers of the epi- 

thelial cells on the external surface of the membrana tympani, interlacing and 

forming an intra-epithelial plexus from which branches go to the surface as fine 

or bulb-shaped points. Zeiss comp. oc. 4, obj. 2 mm. 
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DESCRIPTION OF A MODEL SHOWING THE TRACTS 
OF FIBRES MEDULLATED IN A NEW-BORN 
BABY’S BRAIN 

FLORENCE R. SABIN 

From the Anatomical Laboratory of the Johns Hopkins University 

ELEVEN FIGURES 

In 1900 I published a description of a model of the medulla, 

pons and mid-brain made from a series of sections of the brain 

stem of a new-born babe.! 

In this model were shown first the form of the main nuclear 

masses and secondly, the form of the fibre tracts that had received 

their medullary sheaths, thus the study was based on the fact 

that the tracts of the central nervous system are successively 

medullated, as has been worked out by Flechsig, and was the 

result of the idea that at birth so few of the tracts have received | 

their medullary sheaths, that it is possible to model them out and 

obtain a picture of theirform. A clear picture of theform of such 

tracts as the lemniscus medialis and fasciculus longitudinalis 

medialis, even though it represent only one stage of development 

is of value from two standpoints, first in pointing the way toward 

a picture of the tract in the complicated relations of the adult 

brain, and secondly in leading toward an understanding of the 

modifications in form of the tracts as they shift in their relations 

in development. 

1 Sabin, A Model of the Medulla Oblongata, Pons and Mid-brain of a New-Born 

Babe. Contributions to the Science of Medicine dedicated by his pupils to William 

Henry Welch, Johns Hopkins Press, 1900; and Johns Hopkins Hospital Reports, 

vol. 9; and Atlas of the Medulla and Midbrain, The Friedenwald Company, Balti- 
more, 1901. 

THE AMERICAN JOURNAL OF ANATOMY, Vot. 11, No. 2 



114 FLORENCE R. SABIN 

The series of sections from which the model was made, extended 

only just through the region of the mid-brain. It was the hope 

at that time, to procure a series of sections of the entire brain of 

the new-born babe so as to complete the modeling of the tracts into 

the thalamus and cerebrum. The especial goal was to throw some 

light on the form relation of the internal capsule. Since that time 

five series have been cut in this laboratory, three of the new- 

born brain, and two of the brain stem and basal ganglia of the 

adult. Of these series, three are in the sagittal plane, while one 

of the baby’s brain and one of the adult were cut in transverse © 

series. The sagittal series of one of the adult specimens was cut 

by Miss Gertrude Stein. It has proved most valuable. Miss 

Stein made a model of the medullated tracts in one of the series 

of the new-born brain, but it proved that the gaps in the series 

were sufficient to prevent aninterpretation of themodel. From the 

series on which the present study is based, two models have been 

made, the first one was by Dr. E. G. Gowans, of Salt Lake City, 

who modeled the thalamus and basal ganglia on one side. Un- 

fortunately Dr. Gowans’ work was unavoidably interrupted and 

as there was little chance that he would be able to take it up again, 

I have completed it. In studying Dr. Gowans’ model I found 

it hard to interpret the bundles in the thalamus without includ- 

ing those of the brain stem, and hence made a new model of 

the brain stem and thalamus of the other side of the same brain. 

The figures are all taken from my model, but the study covers all 

the work done in this laboratory on this topic by Miss Stein, 
Dr. Gowans and myself. J am indebted to Miss Stein for series 
she prepared, and to Dr. Gowans both for the model and for 

his study of the subject by which | benefit. The specimen from 

which the model was made was brittle and while in thick 

cellodin the brain stem cracked from the thalamus. The cellodin, 

however, was thick enough to hold the two parts in exact apposi- 

tion, as can be seen in figs. 5 and 7. The plane of the section is 
oblique as can be seen in the same two figures, since the raphe 

is included in the sagittal section (see no. 61, fig. 5). This 
only increases the difficulty in the piling of the model but does 
not affect its accuracy. J believe that the model does throw some 
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light on two points, first, the form relations of the medial lem- 

niscus and the fibres of the red nucleus in their relations to the 

thalamus, and secondly, on the form of the internal capsule in 

relation to the thalamus and corpus striatum, notwithstanding 

the fact that much of the internal capsule is non-medullated. 

The model is shown in a series of five drawings, three from the 

mesial aspect and two from the lateral. Fig. 1 represents a 

mesial view of the entire model and fig. 9 a lateral view. The 

other figures, namely, 3, 4 and 11, represent dissections of the model 

to show the various structures. The nuclei are represented in a 

solid tone, the non-medullated bundles are faintly streaked, while 

the medullated bundles have a blue tone. Fig. 2 is a drawing 

of the mesial aspect of a baby’s brain, given for the purpose of 

orienting the first three figures of the model, while fig. 10 is a view 

of a dissection of the pyramidal tract given to orient the lateral 

views of the model. Both figs. 2 and 10 are from a baby’s brains 

of which, however, we have no records of the age. It is ob- 

viously older than the one from which the model was made, in 

which the pyramidal tract is not at all medullated. Four figures 

of sections are given, two from the baby’s brain from which the 

model was made, and two taken at about the same level from an 

adult brain. 

In the description of the model I shall follow this plan. First, 

I shall take up the medullated tracts beginning with the lem- 

niscus medialis and the group of tracts associated with it. The 

various nuclei will be mentioned in connection with the fibre 

bundles. Secondly will follow a description of the form of the 

internal capsule, both the non-medullated and the medullated 

part, and thirdly, an account will be given of the nuclei of the 

thalmus, hypothalamus and corpus striatum, with the associated 

medullated bundles. The following table gives a list of all the 

medullated tracts found in the series in approximately the order 

in which they are taken up. 



116 FLORENCE R. SABIN 

A. A group of fibres making up the main sensory tract to the cortex together 
with certain tracts associated with it by position: 

I. Seen from the mesial aspeet— 

Lemniscus medialis and rubro-lenticular tract (or fasciculus 
lenticularis of Forel) 

Fasciculus gracilis and fasciculus cuneatus,—not modeled 

Tracts from no. 2, forming the lemniscus medialis, namely: 

(a) Decussatio lemniscorum 

(b) Fibre arcutee interne 

Lemniscus lateralis 

Lemniscus superior 

Tract to the substantia nigra 

Tract to the nucleus hypothalamicus (Corpus Luysi) 

Tract connecting the nucleus colliculi inferioris with the center 

median of Luys 

Tract connecting the nucleus hypothalamicus of Luys with the 

globus pallidus 

II. Seen from the lateral aspect— 

1 

9 
a. 

Tract from the ventro-lateral nucleus of the thalamus to the upper 

third of the posterior central gryus 

Lenticular nucleus to the same zone 

B. The fasciculus longitudinalis medialis and commissura posterior 

C. Miscellaneous: 

Fasciculus retroflexus of Meynert 

Corpus restiforme or inferior cerebellar peduncle, not modeled 

Brachium conjunctivum or superior cerebellar peduncle 

Rubro-pontal tract 

Formatio reticularis,—not modeled 

Cranial nerves,—not modeled 

Small bundle at root of optic nerve 

Optic fibres in relation to the lateral genticulate body 

Certain fibres associated with the substantia nigra, the nucleus 

hypothalamicus of Luys and the globus pallidus of the lenticular 

nucleus. 

The lemniscus medialis is shown best in the three views of the 

model from the mesial aspect, Sgs.1,3,and4. Thelemniscus begins 

at the transition between the spinal cord and the medulla, at the 

point where the decussatio lemniscorum crosses the middle line. 
In the series studied, the posterior columns of the cord (no. 2, fig. 

7), were medullated but were not modeled. The decussatio 

lemniscorum is asmall compact bundle (no. 3, fig .1), which begins 

in the nucleus funiculi gracilis, curves around the edge of the 

gray matter bordering the central canal, and crosses the middle 
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line at a point marked 4 in fig. 1. Thispoint is ventral to the cen- 
tral canal, just caudal to the inferior olive. Within the medulla, 
the bundle from the nucleus funiculi gracilis is joined by the more 
diffuse mass of internal arcuate fibres from the nucleus funiculi 
cuneati (no. 5, fig. 1.) These two crossed tracts make the lem- 
niscus in the medulla, which isa broad band as seen from the 
mesial aspect. It lies close to the raphe, hemmed in between the 
two inferior olives. In the pons, the lemniscus spreads out to 
the side making a narrow band in the mesial plane. In the lower 
part of the pons can be seen the position of the superior olive (no. 
7, fig. 3), quite far to the side, and the lateral lemniscus emerging 
from it. Throughout the pons, the medial and lateral lemnisci 
are parallel. At the cerebral end of the pons, the lateral lemniscus 
curves still farther lateralward, and turns dorsalward to enter the 
nucleus of the inferior colliculus (no. 8, fig. 3). 

The medial lemniscus, on entering the mid-brain shows a num- 
ber of interesting points. In the first place, it gives off a small 
bundle which enters the caudal tip of the substantia nigra (no. 9, 
figs. 3, and 7). In using the term enters, it is not intended to as- 
sume the direction of the fibres since Weigert sections cannot give 
the relation to the cell body. Secondly, from the dorsal border 
of the medial lemniscus is given off the superior lemniscus which 
curves dorsalward parallel to the lateral lemniscus to enter the 
superior colliculus (no. 10, figs. 3 and 4). Thirdly, the entire mass 
of the medial lemniscus curves lateralward to make room for the 
red nucleus. This can be seen in fig. 1, but better in fig. 3, and 
best in fig. 4, from which the red nucleus has been removed. 
Lateral to the red nucleus, the lemniscus gives off a small bundle 
to the nucleus hypothalamicus of Luys, exactly similar to the 
one given off to the substantia nigra (no. 11, figs. 3, 7, and 8). 

The relations of the lemniscus to the thalamus are complicated. 
It has been found that the fibres run to two nuclei, namely the 
center median of Luys, and the ventro-lateral nucleus. Here it 
may be well to enumerate the nuclei of the thalamus which can 
be made out and modeled, though they will not be described 
until later: 
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The nucleus medialis 

The nucleus anterior 

The center median of Luys and the cup-shaped nucleus 

The nucleus ventro-lateralis— 

Medial part receiving the medial lemniscus 

Lateral part connected with the cortex 

5. The nucleus dorso-lateralis not separated from the pulvinar 

6. The pulvinar 

7. The nucleus corporis geniculati medialis 

8. The nucleus corporis geniculati lateralis 

moo to 

In studying the relations of the lemniscus to the thalamus, I 

have found the work of Forel? most helpful and shall use his 

familiar terms. At the very beginning, however, it will be well 

to be clear about directions in the thalamus. In the first place, 
the brain stem of the baby is more nearly at right angles to a 

longitudinal axis of the cerebrum itself than that of the adult. 

In describing the thalamus the difficulty of orientation is familiar 

to all students of the subject and is due to the fact that the terms 

dorsal and ventral as applied to the cerebrum itself are not the 

same as dorsal and ventral for the brain stem, and the thalamus 

comes at the point of transition. TJ shall use the terms ‘‘dorsal’’ 

and “‘ventral”’ in the thalamus in exactly the same sense as in the 

brain stem, and hence shall speak of the lenticular nucleus as 

ventro-lateral to the thalamus. It will be very necessary in 

following Forel’s desciption to note that his sections are frontal 

to the adult brain, and hence oblique in the baby’s brain. If, for 

example, a line be drawn through the pons, the red nucleus and 

the center median of Luys in my fig. 4 at about the direction 
indicated by lines 53, it will correspond in general to Forel’s fig. 

5, plate 7. Therefore ‘“‘dorsal’’ and ‘“‘ventral,”’ in the sense of 

Forel’s figures, are at an oblique angle to mine. 

To return to the relations of the medial lemniscus to the 
thalamus, as the lemniscus curves around the red nucleus (no. 

13), it becomes impossible to separate it from fibres either from 

the red nucleus itself or from fibres of the brachium conjunc- 

* Forel, Untersuchungen ueber die Haubenregion und ihre oberen Verkniipfungen 

im Gehirne des Menschen und einiger Siugethiere. Archiv fiir Psychiatrie und 
Nervenkrankheiten. Bd. 7, 1877. 
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tivum passing through the red nucleus. Hmerging from the cere- 

bral end of the red nucleus is a great mass of medullated fibres 

(see fig. 3), which soon divides into two bundles, a dorso-lateral 

mass which is Forel’s Ba7h, (no. 12), and a more ventral and 

medial bundle which is Forel’s Feld H. The dorso-lateral bundle 

which is Forel’s BaTh is a composite of possibly three elements, 

first, a part of the medial lemniscus, secondly, possibly fibres 

from the red nucleus and thirdly, a small bundle (no. 16), which 

comes from the nucleus colliculi inferioris and runs to the center 

median of Luys. This bundle is readily seen in its connections 

in the section of the baby’s brain in fig. 7, no. 16. It is readily 

identified in sagittal sections of the adult by the angle the bundle 

makes with the main mass of BaTh (see no. 12, fig. 7). The sec- 

tion of the adult brain (fig. 8), is, however, just too far lateral to 

show the two bundles as separate tracts. The bundle from the 

inferior colliculus to the center median of Luys is described by 

Dejerine,? under the confusing name of ‘‘the arm of the inferior 

colliculus,”’ a term which should be reserved for the fibres con- 

necting the inferior colliculus with the medial geniculate body. 

Dejerine, however, makes the distinction, in fact, and notes, that 

the bundle in question enters the center median of Luys. The 

true brachium quadrigeminum inferius connecting the inferior 

colliculus with the medial geniculate body is non-medullated at 

birth, and lies farther lateralward so that it is seen only from the 
side (no. 25, fig. 9). 

The bundle BaTh (no. 12), then consisting of a part of the 

leminscus, the tract from the inferior colliculus and possibly of 

fibres from the red nucleus enters the cup shaped nucleus (no. 

15, figs. 8 and 11), and the center median of Luys (no. 14). 

In connection with these nuclei it is interesting to note that 

Sachs‘ found that in degeneration experiments involving the 

center median of Luys and the cup-shaped nucleus, there were 

no efferent fibres to the cortex nor to the mesencephalon; that 

the efferent fibres all ran to the other nuclei of the thalamus, 

3 Dejerine, Anatomie d. centres Nerven, Tome 2, 1901, p. 72. 

*Sachs, On the Structure and Functional Relations of the Optic Thalamus. 

Brain, August, 1909, vol. 32, page 146. 
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those from the cup-shaped nucleus reaching all the thalamic 

nuclei except the anterior nucleus, those from the center median 

of Luys, reaching all except the anterior and medial nuclei. If 

these conclusions are correct, we may say that at birth, only the 

afferent fibres of these two nuclei are medullated and these af- 

ferent fibres come from the medial lemniscus, the inferior colli- 

culis and possibly the red nucleus. There are no other medullated 

bundles associated with these nuclei at birth. 

The rest of the fibre mass (no. 17), which emerges from the red 

nucleus is likewise a composite mass. It lies farther ventral and 

more medial than BaTh and corresponds to Forel’s Feld H. 

It is a mass of fibres, oval in cross section (see Forel’s fig. 11, 

plate 7), and made up of two parts, as can be seen in fig. 4, a 

lateral part (no. 18), Forel’s H,, which appears to be a direct con- 

tinuation of the medial lemniscus, and a medial part (no. 19), 
Forel’s H. which appears to emerge from the red nucleus, as can 

be best seen in figs. 1 and 3 of the model and in section in fig 6. 

The lateral part (no. 18), divides into a forked bundle which 

enters the ventro-lateral nucleus of the thalamus. The more 

ventral bundle of the fork enters the external medullated lamina 

of the thalamus, as can be seen in the section of the adult brain 

in fig. 8. In the different figures the number is placed at the fork 
of the Y or on one or both branches. This is an exceedingly im 

portant bundle since it is a part of the main cortical path, which 

is now generally thought to consist of these three elements, the 

posterior columns, the medial lemniscus, and the thalamo-cortical 

radiation. In the model it will be readily seen that the ending of 
the main lemniscus bundle in the thalamus agrees with von 

Monkow’s® description that the lemniscus ends in the caudal 
ventral part of the great lateral nucleus of the thalamus. This 

ending of the lemniscus has been confirmed by Mott,® more re- 

cently by Ramon y Cajal, quoted from Sachs, and by Sachs.’ 
Sachs speaks of the ending of the lemniscus as in the “ventral 

third and lower (7.e., caudal) half of the middle third of the lateral 

5 von Monakow. Gehirnpathologie; Nothnagel, Specielle Pathologie und 

Therapie, Wien. Zweite Auflage, 1905, S. 90-91. 

6 Mott, Brain, 1895. 

7 Sachs, ibid., page 130. 
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nucleus.”’ By comparing the three views of the model from the 

mesial aspect it will be noted that this forked bundle of the lem- 

niscus enters the medial part and the caudal surface of the ventro- 

lateral nucleus. In fig. 1 is shown the rather thin medial nucleus, 

especially thin along the ventral border. This has been removed 

from figs. 3 and 4, showing the large lateral nucleus. The size 

is better estimated in fig. 4, from which the lateral nucleus itself 

has been entirely removed. <A form relation of the medial lemnis- 

cus can be especially well seen in figs. 9 and 11, namely, that the 

medial lemniscus, throughout the superior colliculus region, lies 

close to the lateral surface in the groove between the crus and the 

colliculi, but the bundle being straight, it does not enter the ex- 

treme lateral part of the thalamus which projects so far to the 

side of the mid-brain. 

The brain at birth then shows that the medial lemniscus, as 
far as it is medullated, enters two nucleiin the thalamus, the center 

median of Luys and the cup-shaped nucleus considered as one 

and the medial part of the ventro-lateral nucleus as the the other. 

Moreover, in connection with the ventro-lateral nucleus, the med- 

ullated bundle forms a part of the external medullated lamina. 

These relations will be clear by comparing figs. 7 and 8. 

The relations of the more ventral part of Forel’s Feld H, namely, 

his fasciculus H2, are especially well shown in the model. The 

bundle (no. 19, and its continuation, no. 20), appears to arise in 

the red nucleus. [It emerges from the red nucleus, at its cerebral 

end, close to the mid-line, and, as is seen in figs. 3 and 4, takes 

the following course; it passes forward dorsal to the the nucleus 

hypothalamicus of Luys to a point just cerebralward to Luys’ 

body, where it curves sharply ventralward, along the medial 

border of the crus, and then turns first caudalward and then direct- 

rectly lateralward along the caudal surface of the first part of the 
globus pallidus. Within the globus pallidus this bundle is per- 

fectly sharp in sagittal sections of the adult brain as can be seen 

by comparing no. 20 in figs. 7 and 8. It lies on the caudal surface 

of the globus pallidus, adjacent to the optic nerve. This bundle 

was described by Forel as Hz, and is called by Dejerine® Le fais- 

8 Dejerine, ibid., vol. 2, page 327. 



122 FLORENCE R. SABIN 

ceau lenticulaire de Forel. In view of its relations, it would 

seem to me that it might be termed the fasciculus rubro-lenticu- 

laris of Forel. If one bears in mind the oblique plane of Forel’s 

sections as compared with the models it will be seen that his 

figures 17 and 18, plate 8, which run in the direction of the fibres 

of bundle 19 in my fig. 4, are in the very best plane to show the 

course of the lenticular fasciculus around the medial edge of 

the crus and into the globus pallidus. The same sections must 

also show, as they do, the lemniscus fibres within the external 

medullated lamina of the thalamus. 

In this connection it will be well to make clear that the rubro- 

lenticular fasciculus of Forel (H,) is not the same as von Mona- 

kow’s® dorsal Antheil der Linsenkernschlinge notwithstanding 

the fact that he identifies it with Forels’ H,. From a study of 
von Monakow’s figures 21-80, it is clear that he is dealing with 

two different bundles both of which he calls H.. The first, which 

he identifies with Forel’s H,, and labels mCJ, turns into the globus 

pallidus around the lateral border of Luys’ body while the true 

Forel’s fasciculus as shown in Forel’s figures and in the models 

curves around the mesial border of Luys’ body, and:is shown in 

von Monakow’s figs. 30-34, labeled H, and Lisch C. The bundle 

which von Monakow calls the dorsal Antheil der Linsenkernschlinge 

is also medullated at birth. It connects Luys’ body with the 
globus pallidus, but cuts directly through the crus at the lateral 

border of the nucleus hypothalamicus of Luys, instead of curving 

around the medial edge of the crus. This bundle will be considered 

in a moment, but it is not the same as the more medial fasciculus 

rubro-lenticularis which is not connected with the Luys’ body. 

Obersteiner!® identifies the bundle which curves around the lat- 

eral border of the nucleus hypothalamicus of Luys as Forel’s Hz 

thereby agreeing with von Monakow. To the bundles which 

in the adult, curve around the mesial border of the crus and con- 

nect with the lenticular nucleus, Obersteiner gives the general 

®von Monakow, Experimentelle und pathologisch-anatomisch. Untersuch- 

ungen ueber die Haubenregion, den Sebhiigel, und die Regio-subthalamica. Arch. 

f. Psych. u. Nervenkr., 27, 1875, S. 29.) 

10 Obersteiner, Anleitung beim Studium des Baues der Nervésen Centralorgane 

Vierte Auflage, Leipzig und Wien, Franz Deuticke, 1901, 8S. 377 u. 559, figs. 168— 

220. 
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name Hirn schenkelschlinge. He identifies an ansa peduncularis 
(fig. 377), an ansa lenticularis and an unterer Thalamus stiel 
(fig. 220); in the brain at birth only one bundle curving around 
the mesial border of the crus is medullated, namely, the rubro 
lenticular fasciculus which, I think should be identified with Ober- 
steiner’s ansa peduncularis. 

In connection with Forel’s field, Sachs gets a degeneration of 
Forel’s fasciculus from a lesion anterior to the red nucleus and 
terms the bundle the tractus rubro-globus pallidus which is prob- 
ably the same as no. 19. He also finds a still more medial bundle, 
the inferior peduncle of the thalamus, which is entirely non- 
medullated at birth. It may be added here that the ansa lenti- 
cularis is also non-medullated at birth. 

The bundle just referred to in connection with the nucleus 
hypothalamicus of Luys, is not well illustrated in any of the views 
of the model, since it lies lateral to Forel’s fasciculus no. 19 and is 
nearly hidden by that bundle in the drawings. The hypothalamic 
nucleus is oval or lens-shaped, both in sagittal section (fig. 8), 
and in the familiar transverse sections such as are shown in Forel’s 
and von Monakow’s figures. It hasa capsule of fibers, especially 
marked at the cerebral end (no. 23, fig. 7). At the lateral border 
of the Luys’ body, the fibres of this capsule cut through the crus, 
to the globus pallidus. Within the globus pallidus, these fibres 
lie close to the crus (no. 30, fig. 4) and are distinctly separated 
from the Forel’s rubro-lenticular fasciculus (no. 20, figs. 4and 7). 
For this bundle connecting the Luys’ body and the globus pallidus, 
transverse sections are far better than sagittal. This is the bundle 
referred to by von Monakow as the dorsale Antheil der Linsenker- 
schlinge. It shows well in Forel’s fig. 12 and von Monakow’s fig. 
26 as the dorsal capsule of Luys’ body, lying ventral to the zona 
incerta and curving through the crus to the globus pallidus. 
In the model, Luys’ body is seen to be connected with the medial 
lemniscus (no. 11) on the one hand, and with the globus pallidus, 
on the other hand, by the medullated bundle (nos. 23 and 30) 
just described. 

To sum up, in the course of the afferent paths to the cortex, as 
far as they are medullated at birth, there are two great relay 
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stations in the basal ganglia, the ventro-lateral nucleus of the 

thalamus and the globus pallidus of the lenticular nucleus. The 

paths are first the medial lemniscus. The medial lemniscus 

is the indirect continuation of the posterior columns of the cord. 

It arises in the medulla from two bundles of crossed fibres, one 

from the nucleus of the fasciculus gracilis and the other from the 

nucleus of the fasciculus cuneatus." It passes through the pons 

without giving off any bundles; in the mid-brain, it gives fibres 

to the substantia nigra, and the superior colliculus; in the thalamus 

it ends in the center median of Luys the cup-shaped nucleus and the 

ventro-lateral nucleus of the thalamus. Secondly, there are two sys- 

tems of medullated tracts which connect the inner division of the 

globus pallidus with lower centers. One of these systems of fibres 

may be connected with the cerebellum, since the inferior cerebel- 
lar peduncle or corpus restiform is partly medullated, connecting 

the cord and the cerebellum, the superior cerebellar peduncle or 

brachium conjunctivum is medullated connecting the cerebellum 

with the red nucleus, and Forel’s lenticular fasciculus seems to con- 

nect the red nucleus with the globus pallidus. Thesecond connection 

of the inner part of the globus pallidus is by the tract making a 

capsule for the hypothalamic nucleus of Luys which is also con- 

nected with the medial lemniscus. Thus the model shows two 

nuclei as relay stations for cortical paths the medial part of 

the ventro-lateral nucleus of the thalmus, which is known to be a 

relay station in a sensory path, and the medial part of the first 

division of the globus pallidus which is, however, not so definitely 

known as a part of a sensory path. Flechsig regards this lenticu- 

lar cortical path as ascending.” The cortical radiation as far 

as it is medullated at birth comes from these same two nuclei, 

but from their lateral portion. Thus there is a medullated bundle 

between the lateral part of the lateral nucleus (no. 26) of the thala- 

11 The decussating bundle from the sensory nucleus of the trigeminus is not 

present in this series. It was shown in my first model lying in the floor of the fourth 

ventricle just cerebralward to the nucleus n. absducentis. It was searched for with 

great care in the present series since Lewandowsky, in the Neurobiologische 

- Arbeiten, herausgegeben von Oskar Vogt, Erster Band, Zweite Lieferung, 1904, 

page 93, has shown its importance as making the third bundle to form the lemniscus 

medialis. 
2 Flechsig, Archiv. f. Anat. u. Phys., Anat. Abth. 
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mus, and the cortex, and between the lateral surface of the globus 

pallidus (no. 27) and the cortex. These two bundles make up the 

cortical radiation medullated in the specimen (no. 28). The gap 

between the lemniscus and the cortical bundle is best seen in fig. 

4, the lemniscus being numbered 18, and the thalamo-cortical 

bundle, 26. For the globus pallidus, the fibres to the medial part 

are seen as 19 in fig. 4, while the cortical radiation no. 28 is far to 

the side and seen best in fig. 11. 

The medullated part of the cortical radiation needs special de- 

scription. Itconsists,as has just been said, of two parts, onefrom 

the lateral zone of the thalamus (no. 26, figs. 4 and 11), the other 

from'the lateral part of the globus pallidus (no. 27, fig. 11). 

Beyond the border of the thalamus as seen in fig. 4, these two 

bundles are absolutely indistinguishable, and the fused mass 

makes the cortical radiation labeled no. 28 in all the figures. The 

thalamic part of the radiation is the less extensive at birth. It 

is shown best in fig. 4. as no. 26. Here it will be seen to be a curved 

bundle in the form of a figure 6. The caudal part which, from the 

point of view of the cerebrum proper, is the ventral part, curves 

around the lateral nucleus of the thalamus; the stem of the 6 lies 

in the external medullated lamina of the thalamus, which gradually 

joins and fuses with the general cortical radiation. In sections 

this thalamo-cortical bundle which is medullated at birth is well 

illustrated in the literature, in the new-born, by Barker™ in his 

fig. 664 This section is from one of our series and shows the thal- 

amic radiation labeled 7h, in its positon just cerebralward to 

the lateral geniculate body The same figure shows the globus 

pallidus with its capsule of fibres which makes the lenticular part 

of the cortical radiation. In this series the cortical radiation ex- 

tends both to the anterior as well as to the posterior central con- 

volution while in the one from which the model is made, has only 

the posterior central bundle medullated. In the adult, the first 

thalamo-cortical bundle to be medullated is illustrated by Dejerine™ 
in his second volume (page 310, fig. 282). The caudal curved 
part of the bundle (see fig. 4), whichrepresents the fibres emerging 

18 Barker, The Nervous System. New York, D. Appleton & Company, 1899. 

First edition, page 1051, fig. 664. 

144 Dejerine, ibid. 
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from the nucleus, Dejerine describes as the triangular zone of 
Wernicke (see page 357). 

The medullated cortical radiation occupies the postertior limb 

of the internal capsule, and the models bring out certain funda- 

mental points about the internal capsule which can be made clear 

from three figures, namely, 4,9 and 11. To begin with fig. 4, the 

internal capsule consists of, two segments, the anterior limb no. 

31, entirely non-medullated at birth, and the posterior limb, no. 

28, partially medullated at birth. These two sheets of fibres, the 

anterior and posterior limbs, stand at an angle to one another; the 

anterior limb is at a slight angle to the median sagittal plane of 

the brain proper as can be readily seen in figs. 4and 11. This point 

would of course be seen better in a view of the model taken from 

the dorsal surface of the cerebrum, but it is a point well-known 
in the adult. The entire posterior limb on the other hand in the 

brain at birth is in a plane exactly parallel to the median sagittal 
plane of the cerebrum and hence is a perfectly flat sheet in figs. 4 

and 11. The anterior limb radiates out between the caudate 

nucleus and the lenticular nucleus. In fig. 4, if the eye follows 

the crus or cerebral peduncle (no. 24) forward, it will be seen that 

it spreads out into a sheet of non-medullated fibres between the 

lenticular nucleus and the thalamus. This sheet of non-medul- 

lated fibres which lies in the primitive groove between the dien- 

cephalon and the telecephalon is the knee of the internal capsule 
and contains the non-medullated pyramidal tract. The posterior 

limb of the internal capsule extends between the knee of theinternal 

capsule (no. 36) and the tail of the caudate nucleus (no. 32), asit 

curves around into the roof of the lateral ventricle. These limits 

are shown best in fig. 9. This point can be readily related to the 
adult brain in any dissection of the ventricles, for the knee is 

determined by the foramen of Monroe and the tail of the caudate 

is readily seen. 

The zone in which the posterior limb of the internal capsule 
reaches the cortex is an especially interesting point. Since the 
posterior limb is a perfectly flat sheet in the model in a plane ex- 

actly parallel to the median sagittal plane, it reaches the cortex 

in the upper third of the central convolutions. Thus in a trans- 
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verse section the posterior limb corresponds to the lateral border 

of the tail of the caudate nucleus, and the fibres first medullated 

are projected straight to the cortex in a sagittal plane parallel 

to the median sagittal plane and exactly midway between the 

edge of the lateral ventricle and the surface of the island of Reil. 

In the adult brain the plane of the primitive posterior limb of the 

internal capsule can be demonstrated by making a sagittal section 

along the lateral border of the caudate nucleus to the point where 

it curves around into the roof of the lateral ventricle. In allofthe 

models there is a curious band labeled ‘“‘no. 37” on the cortical 

radiation at the base of the central sulcus. This band shows 

both in Barker’s and in Flechsig’s figures, quoted above, and in all 

our series, thus it is probably a constant. I think that it is due 

to the fact that the fibres curve lateralward just at the base of 

the central sulcus, and from dissections of the fibres in the adult 

brain I think that this bend in the fibres in due to antero-posterior 

bundles of fibres near the median plane. With the exception of 

this slight bend at the base of the central sulcus the primitive 

posterior limb of the internal capsule consists of straight fibres, 

7.e.,those that take the shortest possible course. 

In the baby’s brain, the lenticular radiation covers the entire 

posterior limb (see fig. 4), while the thalamic radiation occupies 

the middle third (see also fig. 4). In this particular specimen the 

combined radiation extends only to the posterior central convo- 

lution; in the series shown in Dr. Barker’s figures, quoted above, 

also from a new-born, the radiation reaches the anterior central 

convolution as well, and this is true in brain figured by Flechsig!® 

from the a baby born one-half a month prematurely, and which 

lived threeweeks. I conclude, therefore, that the series from which 

the model was made has a less extensive cortical radiation than 

the usual brain at birth, and that, to represent the average, the 

medullated bundle should be extended into the anterior central 

convolution in the line 53 on fig. 4. From the series which we have, 
I do not think that any of this radiation, even the part to the an- 

terior central convolution, belongs to the pyramidal tract, the latter 

15 Flechsig, Einige Bemerkungen ueber die Untersuchungsmethoden der Gross- 

hirnrinde, insbesondere des Menschen. Arch. f. Anat. u. Phys., Anat. Abth., 

1905. Taf. 16, fig. 8. 
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being entirely non-medullated. I have, however, not sufficient evi- 
dence to determine whether this globus pallidus—cortical radia- 

tion is ascending or descending. Flechsig regards the entire 
radiation both to the anterior and to the posterior central con- 

volutions as ascending. It is, I think, important here to identify 

the medullated projection bundles shown in the models with 

those described by Flechsig. In Flechsig’s summary as given on 

page 369, his a bundle, consisting of a very few fibres from 

the globus pallidus (or possibly from the substantia nigra) to - 

the upper third of the central convolutions and distinguished by 

early medullation, can not be separated from the rest in my 
series. The 8 bundle from the ventro-lateral nucleus to the 

upper third of the central convolutions is my thalamo-cortical 

radiation (no. 26); while the 6 bundle, consisting of the large 

mass of fibres from the globus pallidus to the same zone of the 

cortex, is the same as my no. 27. The combined thalamo-and 

lenticular-cortical radiation in one of our series reaches only 

the post central convolution; in the others, it reaches the anterior 

central as well as it does in Flechsig’s series. The rest of the med- 

ullated bundles of projection fibres described by Flechsig in 

foetuses up to 50 em. long, and in the new-born, are not medul- 

lated in our series. 

There is one more bundle of fibres which, though, non-medul- 

lated, has a form relation to the internal capsule, namely, the 

stria medullaris thalami. In figs. 3 and 4, it shows as a band 

of fibres (no. 54), extending from the zone of the knee (no. 36) 

of the internal capsule along the border of the thalamus adjacent 

to the caudate nucleus. Its position with reference to the anterior 

nucleus of the thalamus is plain in fig. 1. 

Thus, in the central nervous system in one specimen of a new- 

born babe we have medullated bundles which may be grouped into 

the following tracts. First, a sensory tract involving three ele- 

ments, the dorsal columns of the cord to the nuclei of the dorsal 

columns, the medial lemniscus from the nuclei of the dorsal 

columns to the ventro-lateral nucleus of the thalamus, and the 

thalamo-cortical radiation from the ventro-lateral nucleus of the 

thalamus to the upper third of the posterior (possibly anterior as 
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well) central convolution. Secondly, a tract having as one element 

the globus pallidus with cortical radiations reaching the same part 

of the cortex; the other connections of the globus pallidus bring 

two different medullated bundles the one relating it to the red 

nucleus and thus to the cerebellar tracts, the other relating it to 

the nucleus hypothalamicus of Luys, which in turn is connected 

with the medial lemniscus at birth. 

This completes the description of the bundles medullated at 

birth, which make a part of the projection system. It will 

now be necessary, in order to present a complete record of this 

specimen, to describe the other bundles which are medullated 
though the model does not, for the most part, show any point 

in their form relations not shown in the previous model. The 

first of these tracts is a long tract, namely, the fasciculus longi- 

tudinalis medialis, whose relations as an optic-auditory reflex 

path are certainly, in part, brought out by the tracts medullated 

at birth. The rest of the medullated bundles can be regarded 

only as fragments of tracts in the present state of our knowledge. 

The fasciculus longitudinalis medialis (no. 1) is essentially the same 

in this model as in the first model. That it is a continuation of 

the ventro-lateral funiculus of the cord can be seen in fig. 1. 

Almost its entire extent is shown also in fig. 2. In entering the 

medulla, it curves dorsalward with the central canal, to the floor 

of the fourth ventricle. Here it shows a slight curve corresponding 

with the pontal flexture, which is still visible. Within the mid- 

brain, it forms a deep trough (no. 39, fig. 1), in which les the 
nucleus of the oculomotor nerve. Just beyond this trough it is 

joined by the posterior commissure (no. 40, fig. 1), which decus- 

sates just dorsal to the aqueduct and joins the fasciculus longi- 

tudinalis medialis opposite the cerebral end of the red nucleus. 

The fascicluus longitudinalis medialis curves ventralward just 

in front of the red nucleus and comes to an end abruptly. 
The fascilulus retroflexus of Meynert is one of the most con- 

spicuous of the short tracts medullated early. It is a small com- 
pact bundle (no. 41), seen only in fig. 1, extending from the region 

of the ganglion of the habenula of the thalamus into the red 

nucleus. It could not be traced to a ganglion interpedunculare. 
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The corpus restiforme, or inferior cerebellar peduncle, is med- 

ullated and is shown as no. 42 in fig. 7. It was net included in 

the model, nor were the formatio reticularis fibres, nor the cianial 

nerves, since they were all shown in the previous model and were 

not necessary here for orientation. The brachium conjunctivum, 

or superior cerebellar peduncle is, however, included in fig. 1, 

(no. 45), because of its relations to a possible descending tract 

from the red nucleus (no. 46). There is a small bundle of fibres 

(no. 46), emerging from the caudal end of the red nucleus and 

extending into the pons just dorsal to the lemniscus medialis, — 

near the median line. It cannot be followed far into the pons. 

Its relations are best seen by comparing fig. 1 and fig. 5. The 

sagittal sections are not adequate for determining whether this 

is a crossed path or not and the fibres cannot be traced below the 

upper fourth of the pons. 

In connection with the optic nerve (no. 47), there is a tiny bundle 

of medullated fibres shown at the root of the nerve both in fig. 5 

and in fig. 7. Its connections could not be traced—I thought of 

a Gudden’s commissure, but it neither extended to the mid-line nor 

to the geniculate body. There is, however, a portion of the optic 

nerve medullated, as it enters the lateral geniculate body. This 

bundle is shown in the figure already referred to in Barker’s 

Nervous System. 
The last of these rather indefinite medullated bundles, is the 

very small portion of the most medial part of the crus in the hypo- 

thalamic region containing a few medullated fibres. These fibres 

show in fig. 4, just lateral to Forel’s fascisulus (no. 19), extending 

on the one hand toward the substantia nigra and on the other to 

the little bundle of medullated fibres (no. 48), that separates the 

two parts of the globus pallidus near the median line. These 

fibres are most unsatisfactory for study in these sections. All 

that can be said is that they lie in the crus between three nuclei, 

the globus pallidus on the one hand and the hypothalamic nucleus 

of Luys and the substantia nigra on the other. 

It now remains to describe the relations the various nuclei 

shown in the model. The nuclei of the mid brain require no special 

mention except that the form of the substantia nigra comes out 
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better in these sections than in those of the other model where it 

was incomplete. The sagittal sections show its length, thatit 

is a thin mass curved to fit into the hollow formed by the crus, 

and that it extends to the nucleus hypothalamicus of Luys which 

is a small lens-shaped body lying between the zona inserta and 

the internal capsule. The cerebral surface of the substantia 

nigra is curved, indented as it were by the hypothalamic nucleus 

of Luys. Along the lateral border of the substantia nigra is a 

tiny medullated bundle, shown only in fig. 9, which appears to 

connect the substantia nigra with Luys’ body. 

The nuclei of the thalamus that can be modeled out, are es- 

sentially those described by Burdach" and more recently by Sachs, 

and Roussy.!7 In fig. 1, are seen especially the anterior and medial 

nuclei. Neither of them show any medullated fibres whatever. 

The medial nucleus (no. 55), covers the floor of the third ventricle; 

it can not be separated from the pulvinar, nor in sagittal sections 

at birth is it possible to separate it from the dorso-lateral nucleus 

along the dorsal border of the thalamus, as is plain in fig. 1. 
In the sections (figs. 5 and 7), it will be noted that there is a pale 

band, which represents non-medullated fibres extending forward 

from the center median of Luys to the anterior nucleus (56) of 

the thalamus and separating the ventro-lateral nucleus from 

the dorso-lateral nucleus. In the zone of the median nucleus 

this non-medullated band entirely disappears. The thickness 

of the medial nucleus from the middle line toward the side, is 

only a very small proportion of the width of the thalamus, as 

can readily be seen in fig. 1, since the caudal part of the nucleus 

has been cut away to expose the center median of Luys and the 

ventro-lateral nucleus. In the zone just cerebralward to the 

center median of Luys, the medial nucleus is thicker than it is 
along the ventral border in fig. 1, and hence it is seen in sagittal 

sections at the level of Dejerine’s fig. 269, vol. 1. 

The ventro-lateral nucleus of the thalamus is the largest mass 
of cells. It is shown best in fig. 3, from which the medial nucleus 

16 Burdach, Bau und Leben des Gehirus. Leipzig. 1822. Dykschen Buchhand- 

lung. Bd. 2. 

17 (Roussy, La Couche Optique, Paris. G. Steinbeil, Edituer, 1907. 

/ 
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has been removed and some of the dorsal-lateral nucleus and 

pulvinar have been cut away. The extent of the ventro-lateral 

nucleus is best estimated in fig. 4, from which it has been entirely 

removed, the fibre mass, consisting of the knee of the internal 

capsule and external medullated lamina on the ventro-lateral 

aspect, and the posterior limb of the internal capsule on the lateral 

surface, making a shell in which the nucleus rests. The ventro- 

lateral nucleus is separated from a dorsal nucleus, which is the 

dorso-lateral nucleus and pulvinar together, by a band of non- 

medullated fibres which is plain in the newborn (see no 57, figs. - 

5 and 7), but not at all sharp in the adult (see fig. 8), on account 

of the great number of medullated fibres. In fig. 8, the ventro- 

lateral nucleus and the combined dorso-lateral nucleus and pul- 

vinar are imperfectly separated, by the fact that there are more 

medullated fibres in the ventro-lateral nucleus than in the dorsal 

mass. As has been described, the ventro-lateral nucleus has two 

sets of medullated fibres at birth,.first the bundle from the medial 

lemniscus (no. 18), which enters the caudal part of the nucleus, 

near the median plane just ventral to the center median of Luys. 

A part of this bundle spreads out in the external medullated 

lamina. Secondly, the medullated cortical bundle (no. 26) emerges 

from the extreme lateral surface of the nucleus and helps make 

up the cortical radiation. 

The dorso-lateral nucleus of the thalamus (no. 58), cannot in 

any way be separated from the pulvinar (no. 51). These two nu- 

clei make a common mass of cells as can be well seen in fig. 5, the 

term pulvinar being simply used for the caudal part of the mass. 

Far to the side, as seen in fig. 3, the dorsal mass of the thalamus 

is less extensive, inasmuch as it lies wholly dorsal to the center 

median of Luys, than it is near the median plane, as can be seen 

in fig. 5, in which it lies not only dorsal to the center median of 

Luys but anterior to it as well. In fig. 3 it will be readily under- 

stood that the part labelled 58, and indicated by striation, is the 

cut surface of the dorso-lateral nucleus, the part which fits over 

the oblique surface of the ventro-lateral nucleus having been cut 

away. Thus the ventro-lateral nucleus is bounded on its median 

surface partly by the median nucleus and partly by the dorso- 
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lateral nucleus (fig. 3). The dorso-lateral nucleus is entirely 
non-medullated at birth. 

The pulvinar (no. 51), as has just been said, is the projecting 

caudal part of the dorso-lateral mass. Its caudal boundary is the 

posterior commissure (no. 40, fig. 1); ventrally it is readily marked 

off from the center median of Luys (fig. 3) and laterally it extends 

to the taenia semicircularis (fig. 1), but it has no cerebral border, 

since it is continuous with the dorso-lateral nucleus (figs. 3 and 5). 

On the lateral surface of the thalamus are the two geniculate 

bodies, the medial and lateral. They are both oval masses of cells 

whose form is well seen from the surface (nos. 49 and 50, fig. 9). 

The medial geniculate body has no medullated fibres in. this series 

but the lateral geniculate body has a band from the optic nerve 
which in part spreads on to the surface, but which for the most 

part curves around the inner border, just caudal to the medullated 

thalamo-cortical bundle. This shows in the figure quoted above 

from Barker. A part of these fibres seem to enter the geniculate 

body, a part the pulvinar. 

The center median of Luys is well shown in figs. 1, 3, 4. It 

isan oval mass of cells which lies in caudal part of the thalamus 

near the median line. It is just dorsal in position to the red nucleus, 

lateral to the fasciculus retroflexus of Meynert and lies between 

the medial nucleus, the ventro-lateral nucleus and the pulvinar. 

It fits into the cup-shaped nucleus as can be best seen in fig. 11, 

and in common with it receives a mass of medullated fibres con- 

sisting of a part of the medial lemniscus, possibly of fibres from 

the red nucleus, and of a small tract from the nucleus of the in- 

ferior colliculus. It has no other medullated tracts at birth. 

This corpus striatum is of course made of the well known parts, 

the caudate and the lenticular nucleus. The formof the caudate, 

with its swollen head and its curved tail is well known and can 

be readily seen in the models. The best way to obtain an idea 

of the caudate nucleus is to take an adult brain well hardened in 

formalin and shell the nucleus out from the bed of fibres, the 

internal capsule, on which it rests. The form, and the rela- 

tions of the lenticular nucleus are much harder to make out. 

Starting from the lateral view of the baby’s brain (fig. 10), the 
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lenticular nucleus underlies the island of Reil and hence it will 

be seen that it lies for the most part in front of the thalamus, 

which is its original position. As seen from the side, the lenticular 

nucleus or its lateral portion, the putamen, is a great oval mass 

of cells (fig. 9); the antero-posterior diameter is slightly greater 

than the dorso-ventral, speaking in terms of the cerebrum, and 

close to the optic nerve is a small tongue of the nucleus which ex- 

tends into the temporal lobe. In the curve of this tongue is the 

non-medullated anterior commissure. 

Since the lenticular nucleus is best known as it appears in 
horizontal sections of the gross brain, it would be most readily 

understood by a dorsal view of the model, that is, a view taken 

from the dorsal surface of the cerebrum. The form of the nucleus 

in the new-born corresponds with its form in the adult as can be 

seen by comparing the description with horizontal sections of the 

adult. As seen from the convex surface of the cerebrum, the len- 

ticular nucleus is a triangular mass, divided into three sections 

by bands of fibres for the most part non-medullated. The outer 

division, the putamen, is the largest, it projects farthest toward the 

dorsal surface of the brain and also extends farthest ventralward. 

It is crescent in shape with the anterior end much larger than the 

posterior. Next comes the outer part of the globus pallidus, which 
is tikewise crescent in shape with a swollen anterior end. The inner 

part of the globus pallidus is rectangular in shape. The medul- 

lated fibres are all associated with this inner division of the globus 

pallidus; starting with the median plane, there are a few medul- 

lated fibres between the anterior end of the two parts of the globus 

pallidus (no. 48) ; secondly, there is a mass of fibres within the medial 

part of the globus pallidus at its posterior or caudal end (no. 30), the 

fibres lying adjacent to the crus as seen in fig. 4, and thirdly, there 

is the lateral capsule for the inner division of the globus pallidus 

which is the place of origin of the lenticular cortical radiation 
previously described (no. 27). If the lenticular nucleus be now 

viewed again from the mesial aspect it will be seen that the bands 

of fibres, for the most part non-medullated, which separate the 

three divisions, all connect (see 48, fig. 4), with the anterior 

limb of the internal capsule, so that if these bands of fibres be 
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considered, there are two curved sheets of fibres which spread out 

from the lateral surface of the anterior limbs of the internal capsule 

and these two shells of fibres separate the parts of the internal 

capsule. Thus, from the standpoint of the corpus striatium, there 

are three sheets of fibres, one separating the caudate nucleus from 

the putamen, the other two separating the three parts of the len- 

ticular nucleus, and these three sheets of fibres meet in the sheet 

of fibres which makes up the knee of the internal capsule. There 

is no doubt that the form of the internal capsule can be made much 

plainer by models of the medullated bundles in series of later 

stages. 



17 

18 

19 

20 

21 

EXPLANATION OF FIGURES 

KEY TO REFERENCE NUMERALS 

Fasciculus longitudinalis medialis 

Fasciculus cuneatus 

Decussatio lemniscorum 

Point of crossing of the decussatio 

lemniscorum 

Fibre arcuate interne 

Lemniscus medialis 

Nucleus olivaris superior 

Lateral lemniscus 

Tract of the medial lemniscus to 

the substantia nigra 

Lemniscus superior 

Tract of the medial lemniscus 

to the nucleus hypothalamicus 

(Corpus Luysi) 

Lemniscus medialis at the point 

of Forel’s BaTh 

Nucleus ruber 

Center median of Luys 

Cup-shaped nucleus 

Tract connecting the nucleus 

colliculi inferioris with the 

center median of Luys and for- 

ming a part of Forel’s BaTh 

Combined mass of fibres from the 

lemniscus medialis and from 

the red nucleus (rubro-lentic- 

ular tract) making Forel’s 

Feld H 

Lemniscus medialis to the ventro 

lateral nucleus of the thalamus, 

Forel’s Feld H, 

Rubro-lenticular tract, Forel’s 

Feld H» 

Rubro-lenticular tract, Forel’s 

Feld H» within the first or me- 

dial part of the globus pallidus 

of the lenticular nucleus 

Ventro-lateral nucleus of the 

thalamus 
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23 

30 

dl 

34 

Nucleus hypothalamicus (Corpus 
Luysi) 

Medullated bundle following the 

cerebral surface of the nucleus 

hypothalamicus 

Pedunculus cerebri or crus 

Brachium quadrigeminum infe- 

rius 

Thalamo-cortical radiation 

Lenticular-cortical radiation 

Cortical radiation made up of 

the two elements nos. 26 and 27 

Small medullated bundle in the 

crus with transverse fibres con- 

necting Luys’ body with the 

globus pallidus 

Medullated fibres within the glo- 

bus pallidus connected with 

Luys’ body 

Anterior limb of the internal 

capsule 

Nucleus caudatus 

Inner division of the globus pal- 

lidus of the lenticular nucleus 

Putamen of the lenticular nucleus 

Anterior: commissure, which in 

fig. 4 marks the line between 

the putamen and the globus 
pallidus 

Knee of the internal capsule 

Band at the base of the central 

Sulcus 

Sulcus centralis (Rolandi) 

Position of the nucleus n. III 

Posterior commissure 

Fasciculus retro-flexus of Mey- 

nert 

Corpus restiforme 

N. V 

aaa 
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52 

53 

54 

dd 

KEY TO REFERENCE NUMERALS 

(CONTINUED) 

Brachium conjunctivum 56 

Tract extending between the red 57 

nucleus and the pons 

Optic nerve 

Medullated lamina between the 58 

two divisions of the globus pal- 

lidus 

Corpus geniculate mediale 

Corpus geniculate laterale 59 

Pulvinar 

Subtantia nigra 60 

Approximately the direction of 61 

Forel’s fig. 5, plate VII 62 

Stria medullaris thalami 63 

Nucleus medialis thalami 64 

Nucleus anterior thalami 

Non-medullated lamina between 

the ventro-lateral and dorso- 

lateral nuclei of the thalamus 

Nucleus dorso-lateralis thalami. 

In fig. 3 this nucleus is striated 

to indicate that it is a cut sur- 

face 

Line of the cortex of the anterior 

central convolution 

Nucleus colliculi inferioris 

Raphe 

Fornix 

Mammillary body 

N. III 
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Cent. fissure 

Fig. 1 Mesial view of the entire model showing the tracts that are medullated 

at birth as faras they can be seen from the mesial plane. 2!4 x. This view shows 

especially the fasciculus longitudinalis medialis, the lemniscus medialis in the 

brain stem, and the anterior and medial nuclei of the thalamus. For the meaning 

of the numbers see key to numerals. An outline of the cortex of the anterior 

and posterior central convolutions is given for orientation. The bundles of 

medullated fibres have a blue tone. 

Fig. 2 Mesial view of a baby’s brain given to orient figs. 1, 3, and 4. The brain 

is older than the one from which the models were made. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, Na. 2. 
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Fig. 3. View of the model 

from the mesial aspect from 

which the fasciculus longitudi- 

nalis medialis, and the anterior, 

medial and part of the dorso- 

lateral nuclei of the thalamus 

have been removed in order to 

expose the lemniscus medialis 

within the thalamus. 2). 
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Tig. 4 View of the model 

from which the nucleus 

caudatus and the nuclei 

of the thalamus except the 

center median of Luys (no. 

14) have been removed. 

246X.,- 
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Fig. 5 Sagittal section of the brain stem and basal ganglia of the new-born 

baby’s brain from which the model was made taken near the mesial plane and 
showing especially the lemniscus medialis no. 6, and the fasciculus rubro-lenticu- 

laris of Forel (no. 19). 2X. 
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Fig. 6 Sagittal section of the pons, mid-brain and thalamus of an adult brain 

in about the same plane as fig. 5, to show especially the relationsof the red nucleus 

to the lemniscus medialis and to the rubro-lenticular tract. About 14x. 
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Fig. 7 Sagittal section of the brain stem and basal ganglia of the new-born 
baby’s brain from which the models were made, taken farther lateral than fig. 5, 
to show the relations of the lemniscus medialis (nos. 6, 12 and 18), to the thala- 
mus. 2X. 
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Fig. 8 Sagittal section of the brain stem and basal ganglia, of an adult brain 
at a level slightly farther to the side than fig. 7. About 1x. 
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Fig. 9 Lateral view of the entire model showing especially the position of the 
lemniscus medialis (no. 6) with reference to the surface form of the mid-brain, and 
the putamen and the cortical radiation medullated at birth. 214. 

Fig. 10 Lateral view of the baby’s brain shown in fig. 2, showing a dissection 
of the pyramidal tract. Thisis not the cortical radiation medullated at birth (no. 
28), but is, in general, parallel to it. The position of the pyramidal tract is indi- 
cated on fig. 9 by the arrow 36. 
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Fig. 11 Lateral view of the 

model from which the putamen 

and outer division of the globus 

pallidus have been removed to 

show the capsule of medullated 

fibres of the inner part of the 

globus pallidus (no. 27), which 

make the bulk of the cortical 

radiation at birth. 2144~x. 
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THE BLOOD SUPPLY OF THE PITUITARY BODY 

WALTER E. DANDY anp EMIL GOETSCH 

From the Hunterian Laboratory of Experimental Medicine, The Johns 

Hopkins University 

FOUR FIGURES 

INTRODUCTION 

Studies made in the Hunterian Laboratory’ by Reford, 

Crowe, Homans, Goetsch and Cushing, based upon a series of 

over two hundred canine and feline hypophysectomies, have 

supported Paulesco’s view that a fragment of the pars anterior 

is essential to the maintenance of life, a total hypophysectomy 

being invariably fatal in the course of a few days, the length of sur- 

vival depending somewhat upon the age of the animal. During 

the course of these investigations it was found that the gland could 

be separated from its dural pocket and left dangling by the stalk 

alone without destroying its vitality. Division or ligation of the 

stalk, on the other hand, often led to profound histological altera- 

tions, evidently due to an anemic necrosis confined largely to the 

1(1) Is the pituary gland essential to the maintenance of life? The Johns 

Hopkins Hosp. Bull., 1909, 20, no. PA 

(2) The hypophysis cerebri: clinical aspects of hyperpituitarism and of 

hypopituitarism. J. Am. Med. Ass., 1909, 53, p. 249. 

(3) Effects of hypophyseal transplantation following total hypophysectomy 

in the canine. Quart. J. Exper. Physiol., 1909, 2, p. 389. 

(4) The functions of the pituitary body. Am. J. Med. Sci., 1910. 

(5) Experimental hypophysectomy. The Johns Hopkins Hosp. Bull., 1910, 

AR 0 em 7 

(6) Concerning the secretion of the infundibular lobe of the pituitary body 

and its presence in the cerebrospinal fluid. Am. J. of Physiol., 1910, 27, 

p. 60. 
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centre of the anterior lobe. It had been suggested by Paulesco 

that stalk separation is equivalent to a total hypophysectomy, pre- 

sumably as a result of such necrosis; and the experiences in this 

laboratory tended at first to confirm this view. Later observa- 

tions, however, have shown that although a stalk separation will 

often lead to a certain degree of central necrosis of the pars an- 

terior, total isolation of the gland, not only from the infundi- 
bulum but from its dural attachments as well, is necessary before 

the procedure becomes equivalent to a total removal; and even 

in this case fragments of the structure, thus isolated, may under 

favorable circumstances become revascularized in part, the opera- 

tion therefore being comparable to a total homo-transplantation 

of the gland into the tissues elsewhere. 

More complete information in regard to the sources of the gland- 

ular blood supply has become essential to a better understanding 
of these operative experiences, and at the suggestion of Dr. 

Cushing these studies have been made with this end in view. 

The present paper deals with the mammalian circulation as 

observed in the dog—the animal employed for most of the experi- 

mental studies. It is presumable that the findings apply as well 
to man, but we have had no suitable opportunity for a proper 

injection of the human gland. 

PRIOR DESCRIPTION OF THE CIRCULATION 

The first mention in the literature of the pituitary circulation 

is an incidental reference by Duret (’72) in his classical work 

upon the blood supply of the brain in general. He refers to a 

small bilateral branch which passes from the posterior communi- 
cating artery to the infundibular wall. Heubner, two years later, 

made a similar reference. 

From the time of these casual comments, although it was 

generally appreciated that the anterior lobe was a very vascular 

organ and contained peculiar sinusoidal spaces, the subject has 

been given little attention, until Herring’s recent excellent and 
concise description of the internal circulation of the cat’s hypophy- 
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sis.2. Herring was the first to show that the anterior and posterior 

lobes possess independent blood supplies, the former coming 

down through the stalk, the latter entering the posterior lobe 

from behind. No comment was made, however, on the origin of 

these vessels. Substantially the same results were obtained a few 

years ago by Dr. G. J. Heuer in unpublished studies carried on 

independently in this laboratory. 

Our observations, as will be seen, entirely confirm the views of 

Herring upon the general plan of the gland’s internal circulation, 

but especial emphasis is placed upon the grosser circulation, in 

view of its experimental and surgical importance. 

MATERIAL AND METHODS 

Immediately after death the animals were injected headward 

through both common carotid arteries, during which process 

the principal veins of the neck were ligated or a tourniquet applied 

to obstruct the venous return of the injection mass. Ofthenumer- 

ous colored masses, we have derived the best results from a 10 per 

cent gelatin mass with carmine or vermillion for the veins and 

capillaries, and Prussian blue or ultramarine for the arteries. 

Satisfactory injections may be obtained by following a primary 

carmine injection by one of Prussian blue, a double injection 

being obtained—the veins red and the arteries blue—since the 
larger granules of the blue mass are unable to pass through the 
capillaries. 

Carmine gelatin, although the best general injection mass, 

is a very capricious substance, requiring careful preparation, 

for if too alkaline it diffuses through the vessel wall, or if too acid 

it precipitates. We are indebted to Dr. M. J. Burrows of the 
Rockefeller Institute for the benefit of his experience in the rather 

elaborate preparation of this mass. 

* Herring, P. T. The histological appearances of the mammalian pituitary body. 

Quarterly J. Exper. Physiol., 1908, i. p. 154. In this article Herring gives an 

excellent photograph (fig. 16, p. 154) of the injected feline hypophysis, which 

shows unusually well the relatively greater vascularity of the anterior lobe. This 

condition is rarely and with difficulty brought out by a simple arterial injection, 

which usually shows little more than in our fig. 4. 
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To secure an injection of the venous supply alone, Prussian 

blue was injected headwards into the internal jugular vein, there 

being no valves in the canine jugular to prevent the reversed 

stream from reaching the intracranial veins and venous sinuses. 

After the gelatin had been hardened by cooling, a block of tissue 

containing the hypophysis and its meningeal envelopes intact . 
was carefully removed, preserved in glycerine or creosote, and 

either studied by the aid of the binocular after clearing, or fixed 

and sectioned for microscopical study. 

GENERAL CONSIDERATION OF THE CIRCULATION 

The blood supply of the hypophysis is so abundant as to seem, 
were it actually an unimportant gland, more than commensurate 
with its functional needs and the possibility of harm from vascular 
disturbances. 

Situated in the centre of the circle of Willis, it receives the 
first installments of blood to the brain, its numerous vessels 
converging from all parts of the circle like spokes to the hub of 
a wheel, while the venous outflow is equally abundant and the 
vessels similarly disposed. 

There are three fairly independent circulations to the subdivis- 
ions of the gland in correspondence with their structural indepen- 
dence: (1) The supply to the anterior and intermediate lobes; 
(2) to the posterior lobe; and (3) to a structure which has been 
discovered during the course of these investigations and which 

we shall designate the “ parahypophysis.”’ 

Vessels of the anterior lobe 

The anterior lobe receives its blood supply from numerous 
small arteries which converge toward the stalk of the hypophysis 
(fig. 2.) The great majority of these vessels arise from the anterior 
half of the circle of Willis. Thus the anterior communicating 
artery, which is usually small (ef. figure) in the dog, sends off 
from eight to ten small branches in its course across the optic 
chiasm; and each posterior communicating artery sends off from 
three to five more. Furthermore, a pair of vessels on each side 

a 
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Fig. 1 Hypophyseal region viewed from below: dura largely intact except for 

removal of superficial layer of that part of the membrane which covers the gland. 

The arterial supply to the posterior lobe shows through the dura, each internal 

cartoid artery (running in the lateral sinus) giving off a branch the two uniting 

to form a single trunk (A, p. 1.) The small intradural glandule (“‘parahypophy- 

sis’) which normally lies concealed between the two dural layers is exposed and 

ifs artery and vein are shown. 
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Fig. 2 Same region as in fig. 1, after removal of hypophysis from its cerebral 

attachment, showing infundibular stalk and median ventricular slit. The arterial 

supply to the anterior lobe is fully exposed. The vessels radiate from the circle of 

Willis toward the gland and from the points shown pass down the stalk to the 

pars anterior. 
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Fig.3 Same region as in figs. land 2, after removal of dura and excision of the 

arteries shown in fig. 2 which conceal the venous supply to the anterior lobe. 

A crescentic segment of anterior lobe has been cut away in order to expose the 

posterior lobe and bring into view the median vein M.v., which traverses the pars 

posterior and enters the circular sinus. Great difference in vascularity of two 

lobes can be seen in gross. Numerous small veins radiate outward from the stalk 

of the hypophysis to a circle of veins very similar to the arterial circle of 

Willis. Relation to arteries shown by peripheral stubs of the excised trunks 

fully shown in fig. 2. 
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Fig. 4 Mid sagittal section of canine hypophysis to show posterior lobe artery 

entering at point of dural attachment and partially collapsed vein directly above 

the artery. 
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is given off by each internal carotid artery, immediately before 

its trifurcation into the anterior, the middle cerebral and the pos- 

terior communicating arteries. Thus, all told, from eighteen to 

twenty or even more separate small vessels, barely visible to the 

unaided eye, converge directly toward the infundibular stalk. 

In addition other vessels from the posterior half of the circle of 

Willis stream in a fine network over the corpora mamillaria and 

converge toward the posterior surface of the infundibulum. Upon 

reaching the stalk these vessels immediately subdivide into capil- 

laries which empty into the dilated channels of the anterior lobe. 

These channels are lined merely by a single layer of endothelial cells 

which lie directly in contact with the anterior lobe cells. The sinu- 

soidal spaces are so numerous and so large as to make the anterior 

lobe one of the most vascular structures of the body, comprising 

as they do a large part of the volume of the gland. Inasmuch as 

the anterior lobe contains no arteries or veins, arterial injections, 

owing to the large size of the granules, tend to stop at the capil- 

laries of the stalk of the hypophysis. 

The injected hypophysis, viewed in the gross by the aid of the 

binocular, shows numerous parallel longitudinal channels uni- 

formly distributed throughout the gland and varying slightly in 

size. These are evidently the main channels, from which smaller 

ones are redistributed, although histologically all have the same 

single endothelial lming. There is, however, no very great dif- 

ference in their size, although in specimens injected under a 

relatively high pressure it is often possible to see very large spaces, 

out of all proportion to the surrounding channels, owing to the 

irregular disposition of the injection mass. 

The venous return from the anterior lobe is very similar in 

arrangement to the arterial inflow. These channels reform into 

capillaries and, very soon, into numerous small veins in the stalk, 

from which the collecting vessels radiate to the basilar circle of 

veins which overlies but has an arrangement very similar to the 

arterial circle of Willis. There are six or seven of these relatively 

large collecting trunks (fig. 3), which pass laterally and singly 

into the basilar veins lying deep under the temporal lobe, and 

thence upward around the crura cerebri to discharge into the 
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vene magne Galeni. There is also a network of venules which 

emerge from the posterior part of the stalk and pass over the 

Corpora mamillaria, ending in several veins that empty into a 

transverse connection between the basilar veins which forms the 

posterior are of the Willisian venous circle (ef. fig. 3). 

Vessels of the pars intermedia 

Certain portions of the pars intermedia are also very vascular— 

much more vascular than the posterior lobe, though less so than 

the anterior. It derives its circulation from three sources. The 

thicker, tongue-like portion near the stalk, which is more or less 

merged with the upper part of the anterior lobe, receives its blood 

from the vessels of the stalk and from others which cross from the 

brain substance immediately adjacent. The thin epithelial invest- 

ment of the pars nervosa, on the other hand, is entirely devoid 

of vessels, as Herring states. The abundant capillary network, 

which intervenes between these two histologically different struc- 

tures constituting the posterior lobe, does not penetrate into the 

layers of the investing cells. The capillaries of the vascularized 

tongue of pars intermedia, however, are in immediate contact 

with the base of the cells and follow their villous formations. From 

these capillary beds of pars nervosa there are two possible ways of 

escape for the blood—upward into the veins of the stalk and base 

of the brain, and backward into the veins of the pars nervosa and 

thence into the circular sinus by the vascular system which re- 

mains to be described. 

Vessels of the posterior lobe 

The posterior lobe is the least vascular of the anatomical sub- 

divisions of the hypophysis. This is very easily recognized in the 

fresh uninjected specimen, the anterior lobe appearing a pinkish- 

yellow color in marked contrast to the glistening and whiter 

posterior lobe. Injected specimens naturally bring out this con- 

trast much more strikingly. | 

— 

—— 
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The circulation of the posterior lobe enters the gland at the 

posterior pole of the pars nervosa and is entirely independent of 

the systems heretofore described. Each internal carotid, shortly 

after it enters the cranial chamber and turns forward (fig. 1) 

in the carotid groove, gives off a small branch: these two vessels 

unite in front of the posterior clinoid process to form the single 

median trunk which enters the hypophyseal posterior lobe at the 

point where a small area of firm dural attachment is appreciable 

in the usual dissection to liberate the gland. It is well to bear 

in mind that these branches of the carotid lie between the two 

layers of dura forming the circular ‘sinus, and therefore really in 

a sense lie in this sinus, just as the internal carotid itself lies in 

the lateral sinus. 

The artery enters the posterior lobe near its centre (fig. 4) 

dividing immediately into numerous large branches which stream 

outward toward the periphery. There is, however, no marked 

difference in the inherent vascularity of any part of the posterior 

lobe until the capillary bed is reached at the extreme periphery 

under the epithelial investment. 

The veins collect the blood and pass to the point of dural attach- 

ment in much the same arrangement as the arteries. A single 

large central vein enters the circular sinus at this point(ef. fig. 3, m. 

v.) immediately above the entrance of the artery, the two being 

closely adjacent. In addition, there are other smaller veins which 

empty independently into the sinus. 

Collateral circulation 

Although the anterior and posterior lobes have independent 

blood supplies, the question arises as to the possible vascular 

communication between structures so intimately related. Is 

the collateral circulation sufficient to preserve the glandular 

function in case of occlusion of the blood supply to one or 

another of the anatomical subdivisions of the gland? Is separa- 

tion of the vessels of the stalk equivalent to a transplantation of 
the anterior lobe? There is doubtless some collateral circulation 

between the anterior and posterior lobes through the pars inter- 
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media as mentioned above—namely, at the relatively narrow area 

of pars intermedia above the cleft, which elsewhere prevents 

contiguity of pars anterior and pars posterior. Histologically 

we should judge that this would be sufficient, especially in view 

of the small fragment of anterior lobe which apparently will 

suffice for the preservation of life. 

Naturally the final test of the practical efficiency of this col- 

lateral must be determined by experimental operative methods. 

Paulesco records cases of stalk separation which caused consequent 

degeneration of the anterior lobe cells. One must, however, be | 

certain that this small collateral area of pars intermedia has not 

also been destroyed by the operative manipulations, thereby pre- 

venting the possibliity of preservation by collateral. 

In a few operations on dogs by one of us (Goetsch), in which 

the blood supply through the stalk was interrupted by the place- 

ment of a silver wire ‘‘clip”’ (equivalent to the ligation of the 

stalk), no evidences of physiological deficiency or histological 

degeneration of anterior lobe cells were observed 

In one of Dr. Cushing’s hypophyseal operations for acromegaly 

by a transphenoidal route it was intended merely to remove the 

floor of the sella turcica and to freely incise the dural pocket 

enclosing the greatly enlarged gland, in the hope of thus relieving 

the neighborhood symptoms. A fragment of the exposed anterior 

lobe was removed for examination, and during the necessary 

manipulations the gland was broken from its stalk and there was 

a gush of cerebrospinal fluid, much as in an experimental canine 

hypophysectomy when the gland is detached from its infundibular 

connections. The patient died in forty-eight hours with symptoms 

comparable to those seen in animals after a total hypophysectomy ; 

and post-mortem histological studies showed an anemic necrosis 

involving practically the entire pars anterior, whereas the pars 

nervosa and its epithelial covering (pars intermedia) remained 

normal in appearance, its individual and isolated blood supply 

having been remote from possible operative injury. 
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The circulation of the ‘“parahypophysis’’ i! Ypo} 

As has been stated in discussing methods, after the injections 

were made a block of tissue containing the gland within its in- 

tact meningeal envelopes was removed and cleared in glycerine. 

On examining the base of the cleared specimen with the bino- 

cular dissecting microscope, a minute button-like structure (figs. 

1 and 3) was seen lying below the mid-point of the gland and be- 

tween the two layers of the dura which originally lined the base 

of the sella turcica. This structure had been previously observed 
in a number of the serial longitudinal sections which had been 

made as a routine after all of the experimental pophyhysectomies. 

No especial importance had been attached to it and it naturally 

had escaped histological observation in all of the cases in which 

the dura had not been removed and sectioned together with the 

gland. It is an epithelial body and appears to be an organ which 

is invariably present and one which may have some physiological 

significance. It contains under normal conditions none of the 

typical anterior lobe (eosinophilic) cells. A minute median pit 

in which the body rests is usually discernable in the centre of the 

sella turcica after the removal of its lining dura. 

This epithelial body has a separate circulation distinct from the 

others which have been described (fig. 3). The arterial supply 

seems to be of two-fold origin. A minute artery enters the gland 

posteriorly, and by reconstruction of two specimens its origin 

can be traced by a relatively long intradural course to each pos- 
terior lobe artery, the two uniting into a single trunk before reach- 

ing the parahypophysis. Moreover the small intradural branch 

from each internal carotid artery gives an additional bilateral 

arterial supply. A single small vein cares for the return flow. 

This vein apparently passes into the bone at the situation of the 

above mentioned pit, though it is probable that there may also be 

a connection in the dura with the network of venous channels, 

which are somewhat radially arranged around the parahypophysis. 

This structure therefore should retain its circulation intact in 

procedures similar to the experimental hypophysectomies in which 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 2 
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the gland is removed by an operation conducted from under the 

temporal lobe. It would be the first to suffer in all operations 

such as those which have been employed in man in which the 

gland is approached: from below through the sphenoidal cells. 

SUMMARY 

The anterior lobe receives its blood supply from about eighteen 

or twenty small arteries which converge toward the stalk from 

the various components of the circle of Willis. These vessels 

immediately break up into numerous large sinusoidal channels, 

in apposition with the cells and lined only by endothelium. Hence, 

there are no veins or arteries proper in the anterior lobe. The 

venous supply is very similar in arrangement to the arterial system; 

the veins passing from the stalk to a venous circle immediately 

overlying the circle of Willis and draining into the ven magne 

Galeni. 

The pars intermedia derives its supply from the vessels of the 

stalk, from the adjacent brain, and from the posterior lobe. A | 

collateral therefore exists at this point between the anterior and 

posterior lobes, probably sufficient to preserve the function of at 

least the adjoining portion of either lobe if its individual supply 

is cut off. 
The posterior lobe receives its arterial supply from a small 

artery formed by the union of a symmetrical branch from each 

internal carotid. One large vein and other small ones enter the 

circular sinus immediately above the artery. 
The ‘‘parahypophysis” has an individual blood supply of two- 

fold origin; a posterior vessel from the union of two branches 

from the posterior lobe arteries and a bilateral branch from the 

internal carotid arteries. 
In concluding, it is a pleasure to express our gratitude to Dr. 

Harvey Cushing for his suggestions during the course of the work, 

and to Mr. Max Brédel for his instruction and advice in the prep- 

aration of the accompanying drawings. 
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INTRODUCTION 

Even a casual reference to the literature of the thyroid gland is 

sufficient ‘to indicate that the organ has been more carefully stud- 
ied in most all other classes of animals than in the Elasmobranchs. 

The organ may be said to make its first appearance in the As- 

cidians, Amphioxus, and Cyclostomes asa depressed groove, trough, 

or series of recesses in the ventral floor of the pharynx, usually 

known as the endostyle, or the hypobranchial or hypopharyn- 

geal groove, which, as first shown by W. Miiller (’71) who studied 
Myxine glutinosa and Petromyzon, is to be considered the homo- 
logue of the median thyroid of the vertebrates. In the Cyclo- 

stomes the structure, relations and development of the primitive 

‘thyroid have been more recently studied by Guiard (’96), Cole 
(05), Schaffer (06), and Stockard (06). The structure of the 

organ is very simple and only partially resembles the thyroid of 
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higher vertebrates. Possibly the thick tenacious secretion formed 
by the endostyle, upon the presence of which the function of the 

organ very largely depends, may well be taken to bear a relation 

to the colloid material which is so characteristic of the mammalian 

gland. Inasmuch as the retention of an albuminous secretion 

within the glandular lumina of the animal body, a condition 

frequently observed by the pathologists and normally present in 

other glands as well as the thyroid, e.g., mammary gland, kidney, 

hypophysis cerebri and parathyroid gland, leads to the accumu- 

lation of a colloid material bearing a more or less striking resem- — 

blance to the colloid material in the follicles of the thyroid gland, 

the deduction from the phylogenetic standpoint, that the reten- 

tion within the follicles of the thyroid of a once free mucous se- 

cretion would account for the colloid character of the follicular con- 

tent, would not seem inappropriate. The character of cells 

which pour forth the free secretion of the endostyle or hypobran- 

chial thyroid of the Ascidians, Amphioxus and Cyclostomes is not 

so very different from the colloid secreting cells of the thyroid 

follicles of mammals. 7 

In the Teleostei, Wagner (’53) has studied the form and loca- 

tion of the thyroid gland and directed attention to the similarity 

of its structure to that of mammals. Simon (’44) and Baber (’81) 

have given extended descriptions of the thyroid gland in several 

species of bony fishes; Maurer (’86) described the structure and 

studied fully the development of the thyroid gland of the carp 

and trout. In the more recent literature the structure of the thy- 

roid in fishes seems not to have received the attention which it 

apparently deserves. 

Extended descriptions of the thyroid gland of reptiles are 

found in the articles by Simon (’44) and Baber (81). De Meuron 

(86) studied the organ in Lacerta. Van Bemmelén (’87) described 

the gland in Hatteria and Lacerta as being transversely placed 

over the trachea near the heart, and as forming a small, thin 

unpaired organ. Guiard (’96) has also discussed the structure of 

the organ in reptiles. 

In the Amphibia the work of Maurer (’88) and the excellent 

descriptions by Wiedersheim (’04) apparently leave little to be 
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desired, though the organ has been much studied in this class of 

animals. 

In Aves the thyroid gland has been extensively studied by 

Simon (’44), Peremischko (’67) who considered the histology 

as well as the gross anatomy of the organ, Baber (’81) and De 

Meuron (’86). The literature of the structure and development 

of the thyroid in the chick is extensive. 

In most of the Mammalia the anatomy of the thyroid gland is 

well known and its literature has acquired voluminous proportions. 

Its review does not fall within the scope of the present paper. 

REVIEW OF THE LITERATURE 

A careful study of the available literature has revealed, with the 

exception of the work of Guiard, only casual references to the 

anatomy of the thyroid gland in the Elasmobranchs. Simon 

(44) studied the Selachian (Squalus) and the skate (Raia). He 

describes the thyroid gland as ‘‘a single organ, situated in the me- 

dian line, in connection with the anterior surface of the cartilages 

which bind together the branchial arches of opposite sides of the 

body,” and he states that it may he in contact with the ‘‘lingual 

bone,’’ or may be more or less distant from the mouth, but that 

it is ‘““always at the spot where the great trunk of the branchial 

aorta distributes its terminal branches. It les at the angle of 

this bifurcation . . . ; it is covered by the sterno-hyoid 

or sterno-maxillary muscle, and also by the myo-hyoid and genio- 

hyoid, when these are present.’’ His description I find to hold 

good for Raia, but it does not entirely correspond to the position 

of the thyroid gland of Squalus, Mustelus, or Carcharias. As to 

its vascularization, Simon states that the gland receives its blood 

supply by means of a recurrent branch given off by the first 

branchial vein, while yet within the gill, and that ‘‘it never 

receives the smallest share of supply from the branchial artery 

with which it is in contact.’’ The last portion of this statement 

is precisely correct for all the species which I have examined, 

though apparently at variance with the observations of some 

authors: the first portion, as to the origin of the thyroid artery, 
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would appear to be not very accurately expressed, for it never 

arises from the afferent branchial vessel which leaves the dorsal 

end of the branchial arch, but, on the contrary, arises from the 

ventral end of the nutrient or efferent loop. The relation of the 

thyroid gland to the bifurcation of the ventral aorta is so intimate 

as to readily suggest the error of other observers who have pre- 

sumed that the organ received some blood directly from the first 

pair of branchial arteries. Moreover, the thyroid artery passing 

from its origin lies directly under, and in contact with the first 

pair of afferent branchial arteries so that until these latter vessels 

have been carefully dissected out of their sheath it is impossible 

to determine with certainty that they have no connection with the 

thyroid vessels. In the skate the gland lies directly upon the aor- 

tic bifurcation and the pulsating blood-vessels are readily seen 

through the transparent organ as soon as it 1s exposed. 

Miller (71) speaks of the thyroid gland of Raia clavata as a 

flattened brownish-red body, lying at the point of division of the 

branchial artery. It possesses a connective tissue capsule with 

trabecula which divide the organ into a small number of lobes, 

within which the connective tissue penetrates between the lobules. 

The follicles possess a thin membrana propria and a cylindrical 

epithelium; they contain a homogeneous, gelatinous yellowish 

mass. The epithelium possesses a shiny cuticular border and 

appears to send processes into the lumen. The description given 

by Miiller holds good for Raia, the genus which he studied, but 

it does not correspond to the condition of the thyroid gland of 
Mustelus, Squalus or Carcharias, the difference being chiefly due 

to the fact that in the Batoidei the connective tissue forming the 

thyroid trabecula and interfollicular septa is apparently much 

more abundant than in the Selachii. 

Balfour (’78) discusses very briefly the early development of the 

thyroid gland of Elasmobranchs prior to the appearance of a 

lumen within its follicles. He does not consider the anatomy of the 

organ in the adult. 

Baber (’81) says that “in the skate the gland is single (with the 
exception of a few detached vesicles) and forms a yellow, flattened, 

lobulated body, occupying the median line at the bifurcation of 
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the branchial artery. Anteriorly it sometimes presents a narrow 

process of gland-tissue running forward, and behind it is limited 

by the bifurcation of the branchial artery.’’ The contents of its 

vesicles consisted of coarsely granular masses or globules of various 

sizes which “correspond with the ‘colloid substance’ of authors.” 

He surmises the non-existence of lymphatic vessels and says that 

in both the skate and the conger-eel “‘an extensive system of’ 

vessels lined with epithelium becomes injected by the method of 

puncture’’; he considers that these are blood-vessels. The narrow 

process of glandular tissue which Baber says is occasionally 

present in Raia is more frequently seen in the Selachii; it is con- 

stantly present in all the examples of Carcharias which I have 

dissected. It extends forward until it comes into contact with 

the anterior margin of the basi-hyal cartilage (lingual bone) which 

presents a depression, frequently amounting to a complete fora- 

men, for the reception of the anterior extremity of the glandular 

process with the connective tissue by which it is heavily invested. 

This process is obviously analogous to the pyramidal lobe of the 

mammalian thyroid, and as it extends all the way to the pharyn- 

geal submucosa in many instances it may well be considered as 

indicative of a phylogenetic connection of the gland with the cavity 

of the pharynx, a condition which is also indicated by the on- 

togeny of the organ in all the orders, and which appears to be 

permanent in the Ascidians, Amphioxus, and the Cyclostomes. 

Baber’s suspicion of the non-existence of lymphatics within 

the thyroid gland appeared to the writer to be such a remarkable 

observation and so out of harmony with the known anatomy and 
physiology of the organ in the higher animal orders as to require 

further study. This study was pursued by means of a consider- 

able series of careful dissections with many injection experiments 

and did not appear to confirm Baber’s opinion. Baber’s obser- 

vation that the blood-vessels in these animals could be injected 

by the method of puncture is quite accurate, but it does not by 

any means disprove the existence of lymphatics. His results were 

apparently dependent upon the fact that the smallest veins and 

capillaries are of very considerable caliber and readily admit of 

injection, while the lymphatics are very minute and are entered 
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only with difficulty and not frequently when the needle is thrust 
into the substance of the gland. 

Balfour (’81) referring to the development of the organ in Seyl- 

lium and Torpedo says that at first it is solid and attached to the 

esophagus. ‘‘Eventually its connection with the throat becomes 

lost, and the lobules develop a lumen.” 

Dohrn (’84) in his plate XI, fig. 5, indicates by outline the thy- 

roid gland of Ammocetes, but does not illustrate or describe the 
thyroid gland of the Selachii, though in his text he includes an 

extended description of the thymus of the latter animals. His 

outline of the thyroid of Ammocetes does not conform to that the 

the gland in the Selachii. 

De Meuron (’86) says that in Seyllium the thy ic iselongated, 

in Galeus and Acanthias, much flattened, in Raia pyramidal or 

rounded. It lies just above the terminal bifurcation of the bran- 

chial artery. In Myelobates it lies behind the os hyoideus, 
beneath the sterno-mandibularis muscle, and is triangular in 

shape, short, flattened, transversely elongated, and has a length of 

2em. In Acanthias the thyroid gland presents an irregular con- 

tour, certain groups of follicles being even completely detached, 

and placed around the principal group. The observations of De 

Meuron would appear to be accurate as far as they go but are 

possibly founded upon the examination of too few individuals. 

Thus in Squalus acanthias I-found the thyroid frequently broken 

as described by De Meuron for Acanthias but other individuals 
presented a thyroid which was perfect, not the least broken up 

or irregular in contour, and in the closely related Mustelus canis 

irregularity of contour is certainly the exception, not the rule. In 

Scyllium he says the thyroid is elongated and I find that superfi- 

cial examination of the related species Carcharias, would indicate a 

similar condition, but if the semi-opaque white mass of connective 

tissue, in which the thyroid gland of Carcharias is heavily clothed 

and so closely invested that it seems to form paart of the gland, 

be dissected out and held, stretched in its normal form, between 

the bright sun and the eye of the observer there is readily seen 
within the reddish-white connective tissue mass the outline of the 

yellowish-orange thyroid gland, which instead of having theelon- 
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gated form of the outward mass is flattened, transversely elon- 

gated, and of the same peculiar triangular or shield-like shape 

which is characteristic of the organ in the dogfish and closely 

simulated by that of Raia. It seems possible that the elongated 

gland observed by De Meuron in Sceyllium might be susceptible 
to a similar analysis. 

Guiard (’96) studied six species of the Selachii and five of the 

Batiodei. In Scyllium he found the thyroid gland of pyriform 

shape, the anterior extremity being prolonged forward as far as the 

anterior margin of the lingual cartilage (‘‘copule’’), where it passes 

between the two lateral halves of the coraco-hyoid muscle. This 
description, as given by Guiard, corresponds with the position and 

form of the gland which I find in Carcharias and which, as regards 

the anterior prolongation, appears to be analogous to the pyrami- 

dal process of mammals. But Guiard’s fig. 1, in the absence of 

specific contradiction in his text, might be taken to indicate that 

the thyroid gland had been found beneath the coraco-hyoid 

muscle; this is not the case in any of the species which I have 

examined and I presume it is not the case in Seyllium catulus, from 

which species his figure was drawn. In each species I have found 

the gland lying, without exception on the ventral surface of the 

coraco-hyoideus, between it and the coraco-mandibularis, except 

that at the anterior portion the gland lies between the coraco- 

hyoid muscles of the two sides, the divergence of the two muscles 

exposing the ventral surface of the cartilage at this point. In the 

Batoideithe coraco-hyoidei are so widely separated that the whole 

thyroid gland may come to lie directly upon the basi-hyal cartilage, 

the aortic bifurcation and the coraco-branchialis muscles, 

which are successively exposed from before backwards by the 

separation of the coraco-hyoids, but in this case the fascia’ which 
covers the ventral surface of the coraco-hyoids dips beneath the 

dorsal surface of the thyroid gland. 

In Acanthias vulgaris and Mustelus loevis Guiard as did De 

Meuron, notes the tendency of the thyroid to present detached 

vesicles, its contour being very irregular. In Galeus canis the 

thyroid gland lies rather farther forward and is partially cevered 

by a fold of the buccal mucosa. In Carcharias glaucus the 
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coraco-mandibularis muscle is relatively very broad and com- 

pletely hides the thyroid gland; the gland is described as reniform 

and voluminous. With the exceptions recorded the position of 

the thyroid in the various species of Selachii corresponds fairly 

well with that described for Seyllium. 

Of the Batoidei, in Raia alba the coraco-hyoidei are small and 

widely separated, and between these muscles the first pair of 

branchial arteries emerge. The thyroid gland is described as lying 

between the bifurcation of the aorta and the hyoid arch; it isa 

very large globular organ and its deeper surface is slightly pro- 

longed as far as the arterial bifurcation. In Raia oxyrhynchus 

the thyroid gland in transversely elongated. In Raia pastinaca 

the coraco-hyoidei approach one another and the gland is longi- 

tudinally elongated; in this particular it corresponds to the Sela- 

chian type. In this last species it is a large pyriform organ with 

its broad end in relation with the hyoid cartilage, andits point 

extending nearly to the bifurcation of the branchial artery; at 

its point the gland presents a prolongation “which descends 

between the branchial sacs to a depth of about 0.5 em.” I desire 

to call attention to the fact that in Carcharias a posterior prolonga- 

tion appaiently also exists and is constantly present, but so far as 

I am able to observe it consists solely of connective tissue and con- 

tains no glandular substance; it can not, therefore, be in any way 

analogous to the anterior prolongation of the processus pyrami- 

dalis. I think it is to be connected with the fascia of the thyroid 

sinus, which will be discussed later on, rather than with the gland 

itself. 
Guiard sums up his work on the morphology of the thyroid 

gland in the rays by saying that the organ lies beneath the coraco- 

mandibularis, between the coraco-hyoids, is always globous, of 

more of less pyramidal form, and with a prolongation backward 

to the bifurcation of the ‘‘branchial artery.’”’ This corresponds 

very well with the condition which I find in Raia Erinacea except 

that in this species, at least, the gland constantly overlies the bifur- 

cation of the ventral aorta (branchial artery), and that it is always 

somewhat flattened, its ventro-dorsal axis being shortened. The 

organ is relatively thicker than in the Selachians because of the 
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presence of an increased amount of connective tissue between its 

vesicles. 

On page 26 Guiard says that the thyroid gland “‘of fish” isalways 

unpaired; it is quite obvious that this remark should apply only to 

the Elasmobranchs, the only order of fishes which Guiard appears 

to have studied. 

Bridge (’04) passes the thyroid gland with the brief statement 

that ‘“‘in adult Elasmobranchs the thyroid is represented by a 

moderately large compact organ, situated near the anterior end 

of the ventral aorta.’”’ Although he describes the gland as one of 

the ‘“‘blood glands” in connection with the vascular system, he 

does not mention, nor indicate in any way, the source of its blood 

supply. The statement of its intimate relation with the aortic 

bifurcation might well lead one to erroneously suspect a supply 

from this source. In quite another place (page 332) he speaks of 

‘‘a remarkable system of arteries for the supply of nutrient blood 

to the gills and heart,” which takes origin from the ventral ends 

of the loops about the gill slits, the commissural vessels forming 

by their union the ‘‘median longitudinal hypobranchial artery 

which lies beneath the ventral aorta.’’ He fails to mention the 

ultimate ramifications of this system of vessels or its relation to 

the thyroid gland, falling into the same error in this particular 

as T. J. Parker, from whose plates Bridge takes his figures, and 

upon whose description he appears to have largely based his 

text. 

The literature upon the blood supply of the Elasmobranch 

thyroid begins with Hyrtl (58) who first described the hypo- 

branchial arterial system in the Batoidei, if we except the very 

incomplete description by Monro (1787). Hyrtl described the 

thyroid artery as the ‘‘Ramus thyreoideus seu submentalis”’ 
which takes origin from the ‘vein’ of the second gill sac, and which 
gives off muscular branches to that part of the oral mucosa which 

lies between the inferior maxilla and the tongue bone as well as the 

Glandula thyreoidea.”” Hyrtl did not at this time describe a 

median hypobranchial artery, this vessel being represented in his 

description by two anastomosing vessels on either side of the me- 

dian line which arise from the second and third arches and which 
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pass backward to supply the anterior coronary vessels. Hyrtl 

very clearly pointed out that the posterior coronary vessels 

arise from the subclavian artery in the Batoidea and in 1872 he 

showed that these vessels (posterior coronaries) were absent in the 

Selachii, a point emphasized at considerable length some years 

later by G. H. Parker and Davis (99). In 1872 Hyrtl extended his 
description of the hypobranchial arterial system to the Selachii. 

He found the thyroid gland to be supplied by the “Arteria thy- 

reo-maxillaris seu submentalis’”’ which supplied the floor of the 

mouth and thyroid gland as in the Batoidei but which took origin 
from the “‘veins”’ of the first gill sac, rather than from the second 

as he had previously described for the Batoidei. He also described 

the ‘“‘ Arteria cardio-cardiaca,”’ called later the ‘‘commissural”’ 

and “‘longitudinal commissural” (T. J. Parker) and the commis- 

sural and “lateral hypobranchial”’ (G. H. Parker and Davis), 

which fused in the median line to form a median vessel (median 

hypobranchial) and from which the coronary vessels were derived. 

At this time Hyrtl emphasized the absence of the posterior coro- 

nary branches of the subclavianin the sharks and called attention to 

an anastomosis from the subclavian forward to the median vessel 

from which the coronary arteries arose. This anastomotic vessel 

has since been called by T. J. Parker the ‘‘hypobranchial artery.”’ 

Turner (’74) injected the conus arteriosus and studied the 

course of the afferent and efferent branchial vessels; the course of 

these vessels is now well known. He neither mentioned nor ex- 

cluded any relation to the thyroid gland, apparently not recogniz- 

ing this organ, nor did he work out the ultimate connections of 

any of the smaller cervical vessels. 
T. J. Parker (*80) dese:ibed the venous system of Raia nasuta 

and called attention to ‘‘the extraordinary number of transverse 

anastomoses it [the venous system of the skate] presents, the results 

being to produce numerous ‘ venous circles,’ comparable to the circle 

of Willis in the arteries of the mammalian brain, and the circulus 

cephalicus in the arterial system of bony fishes. There is also 

a direct passage from the sinus venosus and back again, in four 

different ways, namely: (1) by the hepatic sinus; (2) by thean- 

terior part of the cardinal vein and the cardinal sinus; (8) by the 

whole length of the cardinal veins and their posterior anastomosis ; 
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(4) by the lateral veins and the prolongation of the cardinal 

sinus into which they open.” 
I would like to direct attention to the presence of similar venous 

anastomoses in the Selachii as well as in the Batoidei. These 

anastomoses in the cervical region are frequent and voluminous. 

A complete circular anastomosis surroundsthe mouth close to the 

maxillary andmandibular cartilages. Though notsoreadily seen in 

the Selachii, it follows the same course as in the skate in which fish 

it isvisible through the skin and oral mucosa; it ends in a maxillary 

sinus at either angle of the mouth, which is connected with the 
orbital sinus and with thejugularvein. Thehyoidsinusesare simi- 

larly connected across the median line near the ventral surface, 

two anastomotic vessels, the anterior the larger, connecting the 

opposite sides. This anastomosis bears a most important relation 

to the thyroid gland. The anterior vessel is so large as frequently 

to almost envelop the gland as in a capsule, the vessel is sub- 

divided by fibrous partitions, or consists, rather, of a mass or 

series of vessels within a common sheath, and from its relation to 

the thyroid gland, in its more or less dilated condition it is more 

truly a sinus than a vein; it is conveniently designated the thyroid 

sinus. It fills and empties with each movement of the mouth and 

gills as water is forced through the branchial clefts, thus function- 

ing with the aid of extrinsic muscles after the manner of a venous 

heart. When the fish is examined out of the water the violent 

movement of the gills so distends the sinus as often to wholly 

obscure the thyroid gland by the volume of its contained blood. 

It is almost impossible to reach the gland by dissection from the 

ventral surface without cutting the sinus or some of its numerous 

tributaries. The thyroid sinus receives the veins from the thyroid 
gland, most of these vessels leaving the dorsal surface or posterior 

margin of the organ. 
T. J. Parker (’86) offers a description of the larger blood-vessels 

of Mustelus antarcticus, which is, however, deficient as regards the 

ultimate distribution of the smaller arteries. Exceptionsmay also 

be taken to his statement of the distribution of the arteries which 

constitute the rather remarkable hypobranchial arterial system, 

which as already mentioned, bears an important relation to the thy- 

roid gland. Parker’s description of the venous system is quite 
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accurate. The hyoid sinus is shown to empty into the jugular vein 
with a valve at the orifice. The anastomosis between the hyoid 
sinuses is considered, but its relation to the thyroid gland is not 
discussed ; since no mention of the thyroid gland is made it would 
appear that this important organ was either overlooked or ignored. 
Unless one is specially looking for the gland, in the effort to sepa- 
rate the muscles without injury to the venous channels the organ 
is easily broken up, and once disintegrated its particles are readily 
lost amongst the mass of muscular tissue. 

The tributaries of the hyoid sinuses are stated by Parker to 
include the submental, posterior facial, internal jugular, and the 
nutrient veins from the first hemibranch. 

Parker’s description of the hypobranchial system follows that 
of the ventral and dorsal aorta and begins with the subclavian 
artery, which, he says, gives off the branchial and hypobranchial 
arteries. Apparently he omits to mention the large lateral or 
epigastric artery, whose course parallels that of the lateral vein, 
though the beginning of the vessel is indicated but not namedin 
some of hisfigures. he hypobranchial artery described and figured 
as a continuation of the subclavian, after giving off the antero- 
lateral artery—which I find to be distributed to the pericardium 
and adjacent muscles—unites with its fellow of the opposite side, 
passes forward 2 cm. in front of the conus arteriosus, and forms a 
plexus from which are given off the coronary arteries posteriorly, 
and anteriorly the median hypobranchial artery. Theplexus com- 
municates laterally by two commissural arteries on either side 
with the longitudinal commissural vessels uniting the ventral 
ends of the efferent branchial loops. One gathers from the descrip- 
tion that the course of the circulation is from the subclavian artery 
through the hypobranchial to the efferent branchial loops, a 
direction which may be thus tabulated: 

branchial 

hypobranchial 

coronary (paired) 

median hypobranchial (azygos hypobranchial) 

commissural (two pairs) 
antero-lateral (paired) 
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Mention is not made of the lateral nor of all the coronary arteries. 

Parker’s observations were made on Mustelus antarcticus. I 

have dissected three species of the Selachii and one of the Batoidei, 

I have not only been unable to confirm the course of the circulation 

as indicated but I find that beyond the so-called hypobranchial 
artery the course of the circulation is in the opposite direction, viz., 

from the efferent branchial loops to the coronary vessels and 

systemic capillaries, and the hypobranchial artery serves as a 

relatively unimportant anastomosis which, in these species is not 

even constantly present. In addition to the pair of coronary 

arteries distributed to the ventricle I have in my specimens 

observed a dorsal artery which ramifies largely in the wall of 

the auricle. The mandibular artery as described and figured by 

Parker, is the one from which in my preparations the thyroid 

artery is sometimes, though not constantly, derived. His descrip- 

tion leaves one somewhat in doubt as to the origin of this vessel, 

but he has figured it correctly as coming from the first efferent 

branchial loop. His coraco-mandibular artery, derived from 
the mandibular, is a vessel which apparently corresponds with that 

which distributes its main branches, in my preparations, within 

the thyroid gland and only incidentally gives small branches to 

the coraco-mandibular and coraco-hyoid muscles; I have there- 
fore called this vessel the thyroid artery. 

G. H. Parker and Davis (’99) inan article on ‘“‘the blood-vessels 

of the heart in Carcharias, Raia, and Amia’”’ repeated the work of 

Hyrtl (58 and ’72) so far as it immediately concerned the origin 

of the coronary vessels, but being concerned only with the cardiac 

vessels they made no mention of the thyroid artery or other deriva- 

tives of the first hemibranch, nor of the gastric and pharyngeal 

branches which arise in close relation to the anterior coronaries. 
They described ‘‘the irregular longitudinal artery by which the 

ventral ends of some or all of the efferent branchial arteries of a 

given side are brought into communication,” hitherto referred to as 

“longitudinal commissural”’ vessels (T. J. Parker) or as part of the 

Arteria cardio-cardiaca (Hyrtl), and called the vessels the “‘lateral 

hypobranchial artery,” reserving for the name commissural “‘ those 

arteries which leave the lateral hypobranchials on their median 
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sides and, after more or less tortuous courses, unite with one 

another in the median plane”’ to produce by their union the median 

hypobranchial artery. The ventral continuation of the subclavian 

artery they call the ‘‘coracoid artery.”’ Concerning the anasto- 

mosis of this vessel with the median hypobranchial formed by the 
hypobranchial artery of T. J. Parker they speak as follows: 

“Moreover neither of these vessels [median and lateral hypobran- 

chial| can be properly considered a dependency of the subclavian, 

for the branch which leaves that artery, and which T. J. Parker 

regarded as their root, may be connected with them, as Hyrtl- 

(58, p. 17, Taf. 2) has shown, by only a relatively small vessel. 

The union, then, is not in the nature of a continuous trunk, but an 

anastomosis, and the vessel posterior to this union must be con- 

sidered in the light of an independent artery. This we have called 

the coracoid artery.” 

MATERIAL AND METHODS 

For the purposes of the present study I have dissected 32 speci- 

mens of Mustelus canis, 10 of Carcharias litoralis, 3 of Squalus 

acanthias, and 14 of Raia erinacea. In addition to these I have 

had access to a number of sections from various Elasmobranchs 

prepared by my late assistant, Dr. Guy D. Lombard. Themost 

of these animals were dissected through the courtesy of The Wis- 

tar Institute of Anatomy at the Marine Biological Laboratory at 

Wood’s Hole, Massachusetts. My thanks are due these institu- 

tions for the opportunity afforded. 

The form and position of the thyroid gland was carefully observed 

in each instance and its vascular connections determined bothby 

dissection and by various methods of injection. The injections 

were made chiefly with a hypodermic needle of very fine caliber, 

though finely drawn-out glass tubes were used with somesuccess. 

For pressure an aspirating syringe was used for routine work and 

served very well; air pressure was also used at times. For tracing 

the lymphatics, injections were frequently made into the substance 

of the thyroid gland and into the connective tissue about the thy- 

roid blood sinus and the other cervical blood vessels. For tracing 
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the blood-vessels injections were made into both remote and near- 

by vessels, the points selected including the hyoid and thyroid sin- 

uses, the thyroid artery, the efferent branchial loops and commis- 

sural arteries, the median hypobranchial artery, the coronary ar- 

teries, the ventral aorta, conus arteriosus, cardiac ventricle and 

auricle, the caudal artery and vein, the mesenteric artery and the 

dorsal aorta. Injections from these various points were made not 

only because of expediency ina given species but for the special pur- 

pose of determining the direction of flow and the relation of the 

vessels to the thyroid circulation; hence, injections were made from 

both sides of the branchial circulation, in the direction of the flow in 

the veins and the arteries while other injections were made in a 

direction opposite to the usual course of the circulation on the 

arterial side, though this was, of course, impossible in the veins 

because of the presence of valves. 

Many of the thyroid glands were cleared and mounted in toto. 

This was best accomplished with those from Mustelus, in which 

species the gland is very thin. Some of the others were cut free- 

hand into thick sections. These preparations gave very good 

pictures of the lymphatics and blood-vessels except in the case of 

the very thick glands. Still other thyroid glands were sectioned 

for histological study. 

THE ANATOMICAL RELATIONS OF THE THYROID GLAND! 

The thyroid gland is more or less closely related to most of the 

structures of the ventral cervical region, a region included between 

the mandible in front, the coracoid arch or shoulder girdle behind, 

and the branchial clefts on either side. This region forms the ven- 

1The fact that the thyroid gland may be readily overlooked in the Selachii 

is amply demonstrated by the frequency with which this region has been studied 

and the almost entire absence of any adequate description of the gland. A brief 

description of the methods of dissection which may be relied upon to locate and 

expose the gland is offered in the hope that it may materially aid future investi- 

gation of this organ. 

The thyroid gland of Elasmobranchs can be readily reached from either the 

oral or the cutaneous surface. By the cutaneous route two methods are especially 

serviceable, the one by longitudinal, the other by transverse incision. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 2 
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tral wall of the pharynx and contains the whole course of the ventral 

aorta and its immediate branches. In Raia the heart is contained 

within this area at its posterior margin, lying in the median line 

just in front of the cartilaginous arch, but in Mustelus, Squalus 

and Carcharias the heart has been pushed backward and lies 

just beneath the coracoid arch. 

The skin of the ventro-cervical region is thin but very tough; 

laterally it is folded upon itself at the branchial clefts, on the inner 

surface of which it becomes continuous with the mucosa covering 

the gills. The fibers of the mylohyoid and geniohyoid muscles 

are attached to the derma over the greater part of the ventral 

cervical area. These muscles form a thin sheet, thickest and most 

prominent in Carcharias, thinnest and frequently almost wanting 

The first method is the more applicable in Raia, where the skin is loosely 

attached and the coraco-mandibular muscle is small, thin and easily lifted. With 

some variations I have followed the method outlined by Lombard (09). A 

longitudinal incision is made in the median line through the skin and membranous 

constrictor pharyngis. The skin and adherent muscle are dissected away and 

retracted laterally, exposing the coraco-mandibularis. (Fig.1B.) <A probe is 

passed beneath the muscle which, after being well freed, is divided midway 

between the mandible and the coracoid arch. The anterior flap is grasped and 

reflected forward, at the same time dissecting away from its dorsal surface the 

deep cervical fascia in which the thyroid gland is embedded. The gland is easily 

recognized by its deep yellowish orange color and its peculiar rounded or triangu- 

larform. In those exceptional instances when the thyroid gland is displaced for- 

ward in Raia the anterior division of the coraco-mandibularis will have to be 

reflected forward all the way to its mandibular insertion before the gland is 

fully exposed; ordinarily the organ will be found directly over the aortic bifurca- 

tion about midway between the mandible and the point at which the muscle was 

bisected. 

The above method is less easily applied to the Selachii for the reason that the 

skin and the constrictor pharyngis are much more firmly adherent to the under- 

lying structures than in Raia; moreover, in reflecting forward the anterior divi- 

sion of the coraco-mandibularis one is almost certain to injure the thyroid sinus, 

deluging the part with blood, before the gland can be exposed. In Carcharias 

one encounters the added disadvantage that the thyroid gland is quite firmly 

united to the coraco-hyoideus and the surface of the basi-hyal cartilage, and the 

gland is buried in a mass of connective tissue by which it usually is entirely ob- 

scured even after the coraco-mandibularis has been completely reflected away 

from its surface. The second method is, therefore, the more applicable ,in Mus- 

telus and Squalus and is very much more certain in Carcharias. One blade of 

a blunt scissors is inserted into the first branchial cleft on the right and then on 

the left side and the clefts lengthened to their extreme ventral limits, the ends 
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in Raia, and subject in all species to great individual variation in 

volume. The muscles take origin posteriorly from the coracoid 

arch, anteriorly from the hyoid arch and mandible, and laterally 

from the outer surfaces of the branchial arches. Acting from 

these ‘‘fixed points” upon the more movable, but tough and in- 

elastic skin, these muscles form a very powerful constrictor of the 

pharynx and collectively are very properly termed the ‘‘con- 

strictor pharyngis” (fig. 1, A). In addition to this constriction 

the muscular contraction at the same time tends to draw open the 

branchial clefts, thus permitting the more ready passage of water 

during the rhythmic pharyngeal contraction or respiratory move- 

ment. The muscular fibers of the constrictor pharyngis are inti- 

mately adherent to the derma. 

of the incisions exposing the margins of the coraco-hyoideus muscle. One blade 

of the scissors is then pushed beneath the skin where it readily passes between 

the coraco-hyoideus and coraco-mandibularis muscles (fig. 1); the incision is 

continued across the median line from side to side. This divides the coraco-man- 

dibularis; its anterior portion is grasped with the forceps, lifted, and a longi- 

tudinal incision through the skin and fascia carried forward along either margin 

of the muscle. In the dogfish the divided muscle with the attached skin is easily 

raised and the loosely attached deep cervical fascia dissected away from its 

dorsal surface, exposing the thyroid gland. In Carcharias it is better to dissect 

the deep cervical fascia away from the ventral surface of the coraco-hyoideus 

muscle, rather than from the coraco-mandibularis; the thyroid gland is then 

raised with the latter muscle and dissected out from the mass of connective tissue 

which envelopes it. Finally, the gland must be dissected away from its anterior 

attachment to the margin of the basi-hyal cartilage, or, in Carcharias, to amedian 

depression, in the ventral surface of this cartilage, which corresponds to the fora- 

men caecum linguae of mammals; occasionally this depression is a true foramen, 

in which ease the thyroid process becomes obviously analogous to the lobulus 

pyramidalis of themammalian thyroid gland. Thislobuleis represented in Muste- 

lus by a short triangular projection, not constantly present, which overlies a 

shallow median groove in the anterior margin of the cartilage. In Raia a similar 

condition is much less frequently present. 

The thyroid gland is readily accessible from the oral cavity. A needle passed 

through the oral mucosa just in front of the basi-hyal cartilage—“lingual bone’’ 

—enters the substance:of the thyroid gland if directed backward in Mustelus 

and Squalus, well backward and close to the cartilaginous surface in Carcharias, 

or backward and slightly ventralward in Raia. A transverse incision through 

the oral mucosa, parallel to and just in front of the basi-hyal cartilage, exposes 

the anterior margin of the thyroid gland and it may then be readily dissected 

out from Mustelus or Raia, though with greater difficulty from Carcharias or 

Squalus. 
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Removal of the integument with the adherent constrictor 

muscles exposes the coraco-mandibularis (fig. 1, B), a slender 

paired muscle, its two sides intimately fused in the median line, 

which takes origin by a tendinous fascia from the ventral surface 

and anterior margin of the coracoid arch. The paired muscle 

passes forward to its insertion, ending in short, rounded and 

slightly divergent tendons which are attached to the posterior 

margin of the inferior mandible. The muscle is inclosed within 

the folds of a superficial cervical fascia, which forms its aponeu- 

rosis and extends laterally to the surface of the branchial arches, 

but on either side of the muscle, the aponeurosis fuses with the deep 

cervical fascia with which it is in more or less close contact. 

On lifting the coraco-mandibularis with its superficial cervical 

fascia the coraco-hyoid muscle (fig. 1, C) is exposed; it is similar 

in shape and appearance to the coraco-mandibular, but is much 

broader, its lateral margin projecting from beneath the coraco-man- 

dibularis, and in Mustelus, Squalus and Carcharias extending lat- 

erally almost to the ventral ends of the branchial clefts, or even 

overlapping them somewhat. In Raia the gills are more widely 

separated, leaving a broad portion of the floor of the pharynx 

exposed at the side of the coraco-hyoideus in the anterior portion 

of the cervical region. Posteriorly the several divisions of the 

coraco-branchialis muscle cross this exposed portion of the pharyn- 

geal floor to be inserted into the branchial arches. 

The ventral surface of the coraco-hyoideus is smooth, its dorsal 

surface separates into several muscular processes, the musculus 

coraco-branchialis (M. c. br., fig. 5), to be inserted into the mem- 

branous floor of the pharynx by a tendinous fascia overspreading 

and firmly adherent to the fibrous pharyngeal submucosa and 

the surfaces of the cartilaginous branchial arches. The divergent 
portion of the coraco-hyoidei, on either side of the median line, 

are similarly inserted into the movable basi-hyal cartilage (lingual 

bone), so that the combined coraco-hyoid and coraco-branchial 
muscles, arising from the anterior border of the coracoid arch, form 

a very powerful dilator of the mouth and pharynx. 

As the coraco-hyoideus does not extend forward beyond the 

hyoid arch it exposes the membranous floor of the oro-pharynx 

- 
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Fig. 1. Dissection of the thyroid eland of Mustelus canis. In A the skin has 

been reflected to show the superficial ‘“‘eonstrictor pharyngis’”’ muscle. In B 

the “constrictor pharyngis’’ has been removed and the coraco-mandibularis 

exposed. In C the coraco-mandibularis has been divided, exposing the thyroid 

gland lying upon the coraco-hyoideus. (See page 209 for explanation of abbre- 

viations used in all figures.) 
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between this point and the inferior mandible. The cartilages 

of the hyoid arch except only the dorsal surface of the basi-hyal, 

are loosely adherent to this membranous floor eso that when 

the mouth has been closed and the pharynx contracted the 

tongue-like basi-hyal cartilage is pushed forward, producing a 

deep fold in the oral mucosa. <A needle thrust through this fold 

in the median line, passing dorsal to the cartilage, penetrates 

directly into the thyroid gland. 

Not all of the ventral surface of the basi-hyal cartilage is 

covered by the insertion of the coraco-hyoideus muscle; the por- 

tion of the cartilage thus exposed varies in different species and 

to some extent in individuals. In Carcharias and Raia the muscle 

is inserted into only a small portion of the cartilaginous surface, 

while in Mustelus all but a narrow anterior margin is covered by 

the muscle fibers. The thyroid gland typically lies upon this ex- 

posed cartilaginous surface, extending backward for a greater or 

less distance upon the ventral surface of the coraco-hyoideus 

(fig. 1,C). In Mustelus and Squalus the ventral surface of the 

basi-hyal cartilage has a raised arciform anterior margin with 

a very slight medial depression, in Raia it is nearly flat, and in 

all these species the thyroid gland overspreads the oart dagen 

a thin membrane whose convex anterior border nearly corres- 

ponds with the outline of the cartilage; in Carcharias the cartilage 

presents a deep median groove or furrow into which the thyroid 

gland sinks, lying there in a gelatinous mass of connective tissue 

so voluminous that the gland is partially, sometimes wholly, 

obscured. 
In the dogfish and shark the thyroid gland is rarely pushed for- 

ward beyond the margin of the basi-hyal cartilage; in Raia the 

organ may extend farther forward so that it rests in part upon 

the membranous floor of the oro-pharynx. In one of the skates I 
found the gland carried so far forward that it lay wholly in front 

of the cartilage. In Mustelus and Carcharias individual variations 

are much less frequent than in Raia, but in Raia in the majority 

of individuals the gland lies directly upon the bifurcation of the 

ventral aorta (fig. 7). 
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THE THYROID VESSELS 

The anterior margin of the thyroid gland is firmly attached 

by a dense fibrous fold of fascia to the antero-ventral margin of 

the basi-hyal cartilage. Its ventral surface is in contact with 

the coraco-mandibular muscle, to which it is firmly united by 

a fascia. Its dorsal surface rests upon the basihyal cartilage and 

the insertion of the coraco-hyoid muscle as described in the 

preceding section. The lateral angles and posterior margin of 

the thyroid gland are continuous with a fold of the deep cervical 

fascia which is placed between the coraco-mandibular and coraco- 

hyoid muscles, loosely attached to the opposed surfaces of these 

muscles, but more firmly fixed to their lateral margins, so as to 

form an aponeurosis for each. This fold of the fascia is much 

thickened anteriorly where it approaches the margin of the thyroid 

gland: at this point it incloses a transverse anastomosing vein 

which connects laterally with the hyoid sinuses. 

At the posterior margin of the gland the fascia splits, a thin 

layer passing dorsally between the gland and the coraco-hyoid 

muscle, a thicker portion extending forward over the ventral sur- 

face of the organ, between it and the coraco-mandibular muscle. 

This ventral division is of special importance; it contains the large 

thyroid sinus consisting of an intricate net of veins and lymphatics, 

which connects laterally with the hyoid sinus and in the median 

line spreads over the ventral surface of the thyroid gland so that 
when distended with blood it entirely obscures the organ. 

The thyroid sinus is surrounded with connective tissue con- 

taining a network of lymphatic vessels. Ink injected in the 

living animal into the space between the lateral margin of the 

thyroid sinus and the ventral end of the first branchial cleft 

will after a few minutes be found filling many of the lymphatic 

vessels of the thyroid sinus as well as many other perivascular lym- 

phatics in relation with most of the cervical veins and the arteries 
of thehypobranchial system (fig.8). Thelymphaties of the thyroid 
plexus are so mumerous and anastomose so freely that when 

filled with ink they form a sac-like investment entirely obscuring 

the sinus and the thyroid gland (fig.2). An attempt to inject with 
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a fine needle directly into the thyroid sinus may force the fluid into 

either the venous or the lymphatic plexus, according as the one or 

the other system of vessels happens to be entered. I am convinced, 

as a result, of my injection experiments, that the lymphatics open 

freely into the veins of this part, after the manner of the “‘ vasa lym- 

phatica” of Favaro (vide infra). These observations are of interest 

in connection with Baber’s inability to find lymphatics in the thy- » 

roid gland as indicating the relation between the vascular systems. 

I find, however, that it is not possible for fluids injected into the 

thyroid sinus or its plexus of lymphatics to pass in any quantity’ 

into the vessels within the thyroid gland; this is presumably 

because of the presence of valves. 

The alternate expansion and contraction of the mouth and phar- 

ynx, forcing the stream of water through the branchial clefts, 

alternately fills and empties the thyroid sinus, so that by means of 

these respiratory movements the sinus acts somewhat after the 

manner of a venous heart. In this connection it is interesting 

to consider the observation of Favaro (’06), as quoted by Sabin 

(09), that the relation of the veins and lymphatics in fishes is 

much more primitive than in mammals and that both lymph- 

hearts and vein-hearts may be present in these animals. The 

emptying and filling of the veins can readily be seen in the Selachii 

or Raia on removing the skin, or even through the integument in 

the living skate, the colored blood showing readily through the 

vascular walls. The relation of the lymphatics to the blood-sinus 

is so intimate that they must also beemptied and filled in the same 

way, though since they contain a colorless fluid they can not be so 

readily observed. I have, however, demonstrated that a colored 

fluid injected into these lymphatic vessels will overspread the 

thyroid region in ten to fifteen minutes and will almost entirely 

disappear within the next fifteen minutes; the lymphatic circu- 

lation must therefore proceed with considerable rapidity. 
The thyroid artery approaches the organ from either side; in 

Mustelus and Squalus it enters at the extreme lateral angle of the 

triangular gland (fig. 19). In Raia, where the organ is of a more 

rounded form it enters near the middle of the lateral border. The 

branches of the artery ramify upon the surface of the organ send- 
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Fig. 2. Showing the form and relations of the thyroid sinus when injected with 
ink. A, in Raia. B, in Carcharias. 
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ing finer twigs into the interior. In this particular they offer an 

interesting analogy to the condition found by Major (709) in 

man. Major says (page 484), ‘‘in the human the branching of the 

large arteries takes place mostly upon the surface of the gland, 

and having by their branching obtained their approximate dis- 

tribution, the smaller branches are sent in.” In the Elasmo- 

A ee 

Fig. 3. Outline of the arterial supply of the thyroid gland of Mustelus canis 

as usually found. The vertical shading indicates the area supplied by the right 

thyroid artery, the horizontal shading that supplied by the left. 

Fig. 4. Showing the less usual distribution of the thyroid arteries; the shading 

as in fig. 3. 

branchs the condition might well be described in the same words; 

this is the more remarkable inasmuch as Major states that this is 

not the condition in other mammals, e.g., the dog and cat. The 

Elasmobranchs, therefore, seem to harmonize with the human 

rather than the lower mammalian condition as regards the dis- 

tribution of the main branches of the thyroid arteries. 
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The left thyroid artery usually supplies a greater portion of the 

gland than the right (fig. 3), though the relative area is subject to 

extreme variation and in occasional instances the ratio may be 

reversed (fig. 4). The area of distribution in the great majority 

of individuals is approximately as indicated in fig. 3. 

THE HYPOBRANCHIAL CIRCULATION AND THE ORIGIN OF THE 

THYROID VESSELS 

In attempting to trace the circulation of the thyroid gland by 

means of injection experiments I was at once struck with the diffi- 

culty of reaching the gland by means of injections into the gill 

arteries, the ventral aorta or the heart. It was obvious that the 

thyroid artery has no direct connection with the ventral aorta or 

the afferent branchial vessels, a fact which seems to have been first 

observed by Simon (’44) who stated, without further explanation 

or any outline of his reasons therefor, that the thyroid glandin Raia 

“never receives the smallest share of supply from the branchial 

artery with which it is in contact.’’ This fact seems to have been 

seldom recognized and never sufficiently emphasized by later 
writers. 

The thyroid artery arises either from the mandibular artery, or 

by a common trunk with this artery, from an arterial sinus at the 

ventral extremity of the first branchial cleft (figs. 5 and 6); this 

sinus forms the ventral portion or connecting vessel of the efferent 

vascular loop contained in the hyoidean hemibranch and first holo- 

branch. From the dorsal extremity of this same loop the first 

efferent branchial artery passes to the dorsal aorta. It is there- 

fore necessary for fluid injected into the ventral aorta or its imme- 

diate branches to pass through the gill capillaries before it can enter 

the thyroid arteries, and few injection fluids readily pass through 

capillary vessels. On the other hand, fluid injected into the thy- 

roid artery or, as I later found, into any portion of the hypobran- 

chial system passes readily into the vessels of the thyroid gland; 

such injections I repeatedly made, into the sinus at the ventral 

end of the first efferent branchial loop, into the thyroid artery, the 
median hypobranchial artery, and even into the coronary artery 
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taking care to prevent the escape of the fluid through the coro- 
nary vessels into the sinus venosus. 

The hypobranchial system of vessels is so important for the thy- 

roid gland as to deserve more than passing mention. T. J. Parker 

(86) has described this system in connection with his much 

quoted work on the circulation in Mustelus antarcticus, but he 
makes no mention of its relation to the thyroid gland, in fact, he 

mentions neither the gland nor the thyroid artery; the gland 
was apparently not observed. 

The main trunk of the hypobranchial system, in the species 

which I have examined is the median hypobranchial artery; it is 

formed by the commissural arteries coming from the ventral ends 

of the loops formed by the efferent branchial vessels which receive 

blood from the gill capillaries. These loops surround each bran- 

chial cleft, and within the gill they lie parallel to the afferent 

branchial arteries; they are just antero-internal to the afferent 

vessels. The ventral efferent vessels are very much smaller than 

either the dorsal efferent or the afferent (fig. 5). Opposite the 

ventral end of the second and third branchial clefts (sometimes 

only the second or the third) each loop gives off a commissural 

branch which passes inward and somewhat backward to the ven- 

tral surface of the ventral aorta where these vessels, with consider- 

able variations, unite with their fellows of the opposite side to 
form a median hypobranchial artery which is frequently double 

so as to form a sort of elongated arterial circle. Sometimes the 

vessels fail to unite in front so that instead of a median hypobran- 

chial there is a right and left hypobranchial artery, one on either 

side of the ventral aorta (fig. 5). Frequently the vessels so unite 

as to form an annular anastomosis which encircles the aorta, 

but portions of the ring may be absent. Some of these variations 
are indicated in figs. 5 and 6. The varied arrangements of these 
vessels are all indications of a more or less complete fusion of the 

commissural vessels to form a median hypobranchial artery. This 
vessel terminates posteriorly in a small sinus-like dilatation, single 

or double as the case may be. From this sinus the coronary vessels 
arise either as a median vessel which promptly divides, or as two 
or three independent vessels. From this same sinus a small paired 
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Fig. 5. Diagram of the hypobranchialarterial circulation in Mustelus canis; 

the insertions of the ventral divisions of the coraco-branchialis muscle are also 

shown. Ventral view. Anastomosis with the subclavian artery was wanting 

in this specimen. 
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artery passes backward on either side of the median line beneath 

the dorsal portion of the pericardium at the lateral margin of the 

cartilaginous floor of the pharynx formed by the basi-branchial 

cartilage; after anastomosing with its fellow of the opposite side 
beneath the apex of the cardiac ventricle it distributes its ter- 

minal branches to the wall of the esophagus and stomach near the 

cardia (figs. 5 and 6). 

From the loop at the ventral end of the fourth branchial arch 

a very small anastomotic branch (less frequently arising as in fig. 

6, hypobr’) passes backward along the lateral wall of the pericar- 

dium and penetrating between the precaval sinus and the coracoid 

arch anastomoses with the subclavian artery just prior to its 

division into the brachial (axillary) and the lateral (or hypo- 

gastric, a large artery lying parallel to the lateral vein. This anas- 

tomotie branch is undoubtedly that which T. J. Parker (’86) 

describes as the hypobranchial, which, according to his descrip- 

tion receives blood from the subclavian and supplies the coro- 

nary arteries and whole hypobranchial system. Such is not the 

case, however, in any of the species I have studied and Hyrtl 

(72) in his careful study of various species of the Selachiu did 

not so find it, nor did Parker and Davis (’99). The hypobran- 

chial is a very small artery, so small that its connection with the 

median hypobranchial is scarcely traceable, and insome individuals 

is entirely wanting (fig. 5), there being in these cases a small 

branch from the subclavian and a similar vessel from the median 

hypobranchial which follow the usual course but never unite, the 

subclavian branch distributing its blood to the muscles while the 

anterior division supplies the lateral pericardial wall and the adja- 

cent muscles in front of the coracoid arch. Certainly where the 
vessel is wanting the flow of blood can not be in the direction 
indicated by T. J. Parker. Parker and Davis (99), as already 

quoted, found the hypobranchial artery insignificant, though they 

did not record its absence. 
If the median hypobranchial artery of Mustelus be injected the 

major portion of the fluid passes into the coronary arteries and 

thence through the coronary veins to the sinus venosus and auricle, 

while at the same time very little passes through the hypobran- 
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chial artery; the fluid pours into the sinus venosus and auricle 

very freely before it has even reached the subclavian by way of 

the hypobranchial artery. This is the case whether the fish has 

been previously bled or not. This experiment would certainly show 

b 
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Fig.6. Diagram of the hypobranchial arterial circulation in Squalus acanthias. 

Lateral view. 

that the hypobranchial is of too small a caliber to supply the blood 

necessary to fill the coronary arteries, and if it can not supply this 
much it certainly is still less competent to supply blood for the 

whole hypobranchial system, which T. J. Parker’s description 
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would seem to indicate was the case. The whole system may be 

readily injected from any one of the gill-loops with which it is 

connected. The true direction of flow is therefore from the effer- 

ent gill-loops through the commissural arteries to the median 
hypobranchial and from it to the muscular, pericardial, gastric, 

esophageal, and coronary branches, with only a relatively insig- 

nificant and inconstant anastomotic supply from the subclavian 

artery. 

Anastomoses in both the arterial and venous systems, forming 

“circles” about the body wall and the viscera are of very frequent — 

occurrence in this class of fishes as was pointed out for the venous 

system by T. J. Parker in 1880 (vide supra). The subclavian 

artery forms such a circle beneath the coracoid archand several 

similar ‘‘circles’’ are formed by anastomosis between the two sides 

in the hypobranchial system as well as in other parts of the body 

with which we are not now specially concerned. The arrangement 

in the arterial system is therefore very similar to that which Parker 

found in the venous. 

At the ventral extremity of each efferent gill-loop, at the point 

where the hypobranchial commissural arteries arise, is a small 

sinus-like dilatation (figs. 5 and 6, s. a. v.) which obviously serves 

as a reservoir where the blood coming from the two sides of the 

loop, which are in adjacent branchial arches, will intermingle, and 

from this sinus blood is distributed through the commissural 

arteries (“lateral hypobranchial”’ of Parker and Davis) anteriorly, 

posteriorly, or to the median hypobranchial in such proportion 

as the caliber of the several vessels and the course of the circula- 

tion dictate. The arterial sinus at the ventral end of the first 

gill-loop (first ventral sinus) is usually a trifle larger than the 

others. The thyroid artery arises from the anterior end of this 

sinus or from the adjacent portion of its anterior limb in the hyoi- 

dean hemibranch. It arises either as a separate and independent 

vessel or as a conjoined trunk with the mandibularartery; more 

frequently, in the specimens I have dissected, it was independent. 

The artery passes directly forward and inward to the extreme 

lateral border or angle of the thyroid gland. It continues its 

path along the surface of the thyroid gland (figs. 3, 4 and 19) near 
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its anterior border, distributing its main branches to the substance 

of the gland and small collateral branches to the floor of the 

pharynx in front of the hyoid arch and to the anterior third of the 

coraco-hyoideus and coraco-mandibularis muscles. Asmall median 

unpaired vessel arising from the left thyroid artery (less frequently 

from the right), penetrates the thyroid gland, divides, and enters 

the coraco-hyoideus to supply the antero-median portion of this 

muscle. This is very probably homologous with the anterior 

portion of the arteria thyroidea impar, derived from the median 

hypobranchial as described by Hyrtl (’72). 

The left thyroid artery is usually larger, longer, and more 

extensive as to its area of distribution than the right. Lombard 

(09) dissected a number of specimens of Mustelus and Raia and 

found that the left thyroid artery more frequently entered the 

dorsal surface, and the right the ventral surface, of the thyroid 

gland. I have found asomewhat similar condition, though I very 

frequently find both vessels coursing upon the ventral surface 

and sending their branches dorsally into the substance of the gland. 

Occasionally the right thyroid artery enters the dorsal surface of 

the gland and the left the ventral (fig. 3 and 19). The position and 

distribution of the thyroid arteries is, however, subject to consider- 

able variation and, as I have already pointed out, the right may 

even supply a greater portion of the gland than the left thyroid 

artery (figs. 3 and 4). 

The thyroid artery as described very probably in part corre- 

sponds to the vessel which was recognized by T. J. Parker (’86) as 

the coraco-mandibular artery. This latter is an obviously inaccu- 

rate designation, for the coraco-mandibular branches are insignifi- 

cant as compared with the other ramifications of the artery. 
Hyrtl (’72) recognized and more accurately described the thyroid 

artery as arising from the ‘“‘veins of the first gill-arch” in conjunc- 

tion with the submental artery; his description appears to be 

accurate with the exception that the two arteries in my dissec- 

tions appear more frequently to arise independently. 
The observations which I have recorded concerning the origin 
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Fig. 7. The position and relations of the thyroid gland in Raia. 

Fig. 8. Injected lymphatics in the tunica adventitia of the right commissural 

artery at its junction with the median hypobranchial. The specimen is from 

Carcharias, the fish having been injected with ink at a point just ventral to the 

right hyoidean hemibranch. The injection followed the lymphatics and was 

traced as far as the median hypobranchial artery in one direction and into the 

thyroid gland in the other. 
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and course of the thyroid artery and the hypobranchial system 

were carefully worked out with specimens of Mustelus and Squa- 

lus and verified in all thefr important particulars in Carcharias 
and Raia. 

VEINS AND LYMPHATICS OF THE THYROID REGION 

The numerous small veins of the thyroid gland discharge into 

the “thyroid sinus,” which connects together the hyoid sinuses of 

the two sides. The conformation of the hyoid sinuses and their 

tributaries and connections have been well described by T. J. 

Parker (’86). In addition to the transverse anastomosis formed 

by the thyroid sinus, the hyoid sinus receives a submental vein 

from the region of the mandible and numerous small muscular 

branches from the neighboring muscles. This sinus and its con- 

necting vessels can be most readily observed in Raia. The sub- 

mental vein is seen to begin as a double transverse anastomosis; 

the larger, anterior, tributary lies close behind the cartilage of the 

inferior mandible; the smaller, posterior vessel arches across the 

floor of the mouth just in front of the hyoid arch and the anterior 

border of the thyroid gland. At the angle of the jaw these vessels 

unite in a small sinus which also receives a transverse anastomo- 

sis from in front of the maxilla, so that the mouth is thus encircled 

by an annular venous sinus. The thyroid sinus similarly forms a 

double transverse anastomosis, rather more deeply placed, behind 

the hyoid arch at the posterior border of the gland. These vessels 

convey the blood from the ventral cervical region to the hyoid 

sinus. 

The thyroid veins open into the thyroid sinus as several small 

branches, the largest of which are a median vein, leaving the organ 

near the middle of its dorsal surface, and two anterior veins which 

leave the same surface near the anterior margin of the organ, 

but a little to either side of the median line. Other smaller veins 

leave the lateral margins of the organ passing either to the thyroid 

or the hyoid sinus. The thyroid veins must contain valves, for 

although the vessels can be readily traced with the dissecting 

microscope and even with the naked eye, it is with difficulty that 
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fluid injected into the thyroid or hyoid sinus ean be forced back 

into the venous channels of the thyroid gland; an extreme pres- 

sure will accomplish this result to a limited extent only. I have 

been able to find some traces of valves in microscopical sections. 

The hyoid sinus passes around the base of the hyoidean hemi- 

branch to connect with the jugular vein, through which a portion 

of its blood is transmitted to the precaval sinus beneath the cora- 

coid arch, and thence to the sinus venosus and auricle. The flow 

through the hyoid sinus in this direction is quite intermittent, 

and, as already indicated, it is chiefly dependent upon the muscu- 

lar force of the pharynx as it alternately relaxes and contracts to 

force water through the gill-openings. 

Blood is also transmitted from the hyoid sinus to the heart by 

the more ventral and direct path through the inferior jugular 

(anterior cardinal) vein. This vessel maintains a more constant 

flow, receiving blood from the ventral cervical region and the 

branchial arches, along the ventral ends of which it courses to 

terminate in the precaval sinus. 

In Raia the thyroid sinus is thin, and its investment of connec- 

tive tissue containing the lymphatic plexus is less pronounced than 

in the other species studied, so that, except when the sinus is 

fully distended with blood, the gland in Raia isnot much obscured. 

In Mustelus the sinus is larger and the fascia about it is more 

voluminous so that the gland is usually more or less obscured, 

though there is much individual variation: the same is true of 

Squalus. In Carcharias the vascular walls in the sinus are so 

thick, and the connective tissue about it so abundant that in most 

of the animals examined the outline of the thyroid gland con- 

tained within this mass could only be discerned on holding up 

the stretched membranous mass between the eye and the bright 

sun so that the intense transmitted light showed the yellowish 

orange gland contained within the connective tissue mass. 

The thyroid lymphatic plexus forms an extensive group ol 

vascular channels surrounding the gland and the vessels of the 

blood sinus. It is contained in a fold of the deep cervical fascia 

which stretches across from side to side between the ventral 

ends of the first branchial clefts: it is broad in the mid-portion, 
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but tapers from the postero-lateral angle of the thyroid gland 

outward to the tissue surrounding the hyoid sinus. ‘The vessels 

form perivascular lymphatics about the venous sinuses. Ink or 

a colored fluid injected into the connective tissue about the hyoid 

and thyroid sinuses readily fills the anastomosing vessels forming a 

sheetlike mass of peculiar form (fig.2, thyr.sn.). Ink thus injected 

ean also be traced intc the perivascular lymphatics of the hypo- 

branchial arterial vessels (fig. 8) as far backward as the walls of the 

coronary arteries; it can likewise be found in small perivascular 

lymphatics in the walls of the thyroid arteries and to some extent 

in the broad venous spaces between the vesicles of the thyroid gland, 

indicating that the lymphatic vessels to some extent may open into 

the veins of the thyroid. The vessels of the lymphatic plexus in 

the cervical fascia are apparently connected with the blood-vessels 

of the thyroid sinus, for excessive pharyngeal contraction in the 

living fish forces blood into areas which otherwise appear to be 

occupied only by lymphatic vessels. The blood-vessels may with- 

out doubt be classed as ‘‘venae lymphaticae”’ and the lym- 

phatics as vasa lymphatica”’ after the terminology of Favaro 

(06), who says that the same vessel may in fishes carry either 

blood or lymph at the same or different times so that these vessels 

may in this sense be either vasa or venae lymphaticae. Fluid 

injected into the lymphatics spreads so rapidly over so great an 

area that it seems almost impossible to trace a connection with 

the blood sinus by means of injections; the fluid enters the blood- 

vessels so readily that one is unable to exclude the possibility of 

an. intra-venous injection. 

The statement by Baber (’81) that he was able to demonstrate 

no lymphatics in the thyroid gland of Elasmobranchs led me to 
pay special attention to the study of these vessels by injection 

methods. As I have already pointed out, Baber states that ‘‘in 

both the skate and the Conger-eel an extensive system of vessels 

lined with epithelium becomes injected by the method of punc- 

ture.’ He then injected the blood vessels of a Conger-eel with 

Berlin blue through the ‘‘efferent branchial vein” and‘‘dorsal 
aorta and thereupon states that ‘‘in the Conger-eel at least, there 

is no evidence of any system of lymphatic vessels,’ emphasizing 
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his statement by the use of italics. I can confirm that portion of 

Baber’s statement which says that an extensive system of vessels 

within the thyroid gland can be readily injected by the method of 

puncture, but I would maintain that neither that procedure, nor 

the injection of the dorsal aorta or efferent branchial vessels 

with Berlin blue, would demonstrate the absence of lymphatics; 

that they may still be present, I have demonstrated both in micro- 

scopical sections and by injection (figs. 9, 10 and 11). 

Fig. 9. Lymphaties, ‘‘vasa lymphatica,’’ and veins, ‘‘venae lymphaticae,’’ 

of the thyroid gland. The ‘‘vasa lymphatica’’ have been injected with ink and 

the thyroid gland cleared and mounted in toto; the lumen of the follicle and the 

follicular epithelium are only indistinctly seen. At X in the specimen the two 

sets of vessels anastomose. 

Injection by puncture does not always fill the extensive system 

of vessels observed by Baber. If one takes care to use only a very 

gentle pressure, this system, which completely surrounds each 
vesicle, is only filled near the point of injection, while at the mar-_ 

gins of the injected area the fluid spreads through more minute 
vessels which lie in closer contact with the vesicular epithelium 

(fig. 9,1). I believe these last are true vasa lymphatica in the sense 
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of Favaro and I find the contents of the vesicles apparently 

secreted into them as in the mammalian thyroid (fig. 10). The 

larger vascular channels then are venae lymphaticae, readily in- 

jected by puncture if the pressure is excessive, the veins being 

easily entered because of their large caliber and extremely thin 

walls; they transmit only lymph when the intravenous blood- 

pressure is low within the gland, but fill with blood when from 

any cause the pressure is raised. I have invariably found 

some blood cells in the venae lymphaticae; I have never found 

them filled with blood in all the three score animals I have 

examined except in one case in which as a result of injury the thy- 

roid gland was greatly congested. In this case they were filled to 

distension. In microscopical sections I have been able to trace 

the connection of the vasa with the venae lymphaticae (fig. 10). 

I have been unable to demonstrate positively the presence of any 

valves at the orifices of these vessels, but the extreme obliquity 

of the anastomosis considered in conjunction with the very thin 

vascular walls might well serve a valvular function when the blood 

pressure is low, though with increased pressure and venous dis- 

tention some blood would be forced back into the vasa lymphaticae 

and even into the vesicles. The frequent occurrence of red blood 

corpuscles within the vesicles of all animals is well known and in 

the Elasmobranchs it is thus accounted for. The intimate rela- 

tion between the venous and lymphatic systems pointed out by 

Sabin (’09) would possibly suggest that an homologous vascular 

relation may account for the presence of red blood corpuscles 

within the vesicles of the mammalian thyroid gland. 

THE HISTOLOGY OF THE ELASMOBRANCH THYROID GLAND 

The thyroid gland in Elasmobranchs consists of a mass of ve- 

sicular follicles (figs. 10, 11 and 13 to 18) which very closely re- 

semble those of the mammalian gland. The vesicles are lined by 

epithelium of a low columnar type, contain more or less colloid 

material, and are loosely bound together by a connective tissue 

framework which is very richly supplied with blood-vessels. 

The shape of the gland in Mustelus canis (fig 1,C) is sufficiently 



Fig. 10. Section of the thyroid gland of Mustelus canis showing the anasto- 
mosis at the point X of the vasa and venae lymphaticae. 

Fig. 11. Typical section of the thyroid gland of Mustelus canis; the intimate 
relation of the epithelium of the thyroid follicles to the lymphatics and blood ves- 
vels is accurately shown. 
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peculiar to deserve passing mention. It may be described as con- 

sisting of two triangles whose bases are fused in the median line, 

the apices directed outward, the anterior borders convex and con- 

forming to the anterior margin of the basi-hyal cartilage, the 

posterior borders concave and free, except for their attachment to 

the deep cervical fascia. In the median line the conjoined bases 
are prolonged backward to form a short median projection; 

anteriorly a shallow notch separates the two lateral triangular 

halves. The gland is approximately bilaterally symmetrical 

(figs. 1,3 and 4). 

The thin, almost membranous character of the gland in Muste- 

lus canis offers an excellent opportunity for the recognition of a 

lobar or lobular structure if such exists, for the whole gland 

is frequently no more than four or five follicles in thickness and 

may be stained, cleared and mounted in toto, giving very excel- 

lent microscopical pictures of the entire organ. I have not been 

able to find any indication of definite lobes or lobules. Portions 

of the thyroid substance are here and there wanting, as observed 

by Lombard (’09), and these deficient areas occur more frequently 

in the posterior than in the anterior half of the gland. In one of the 

thirty-two fishes of this species the deficiencies were so great that 

the gland was only represented by a few specks which were posi- 

tively identified as portions of the thyroid only after microscopical 

examination. A similar case was found in Squalus, and one gland 

from Carcharias consisted of three small pieces. 

Occasionally the posterior border presents a notched deficiency 

in or near the median line. There may be one, two or three such 

notches, either symmetrically or asymmetrically disposed. Defici- 

encies of the thyroid tissue also occur within the gland and may, 
or may not, be connected with the notches in the posterior border. 

These deficiencies are all of inconstant occurrence, irregular loca- 

tion, and could scarcely be taken to indicate any suggestion 

of definite lobes. They seem rather to be due to the extreme 

thinness of the gland and in many of the thicker specimens they 

are in no way indicated. When present they are occupied by con- 

nective tissue continuous with the glandular capsule. Frequently 

they transmit the larger thyroid vessels. 
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Bits of thyroid tissue of inconstant form or location are ocea- 

sionally separated from the body of the gland by narrow partitions 

of connective tissue; they are most frequently found near the 

border of the gland or adjoining an area in which the thyroid sub- 

stance is deficient. Since they possess no constant relation 

to the vascular supply, the detached masses can not correspond in 

any sense to true anatomical lobules. The arteries branch irregu- 

larly, for the most part after a somewhat dicotymous fashion 

(fig. 12), the arterial twigs passing off at acute angles. Partially 

injected specimens in which the injection fluid has passed through 

the arteries but has not penetrated in quantity into the veins 

Fig. 12. Terminal divisions of the thyroid artery. The area occupied by 

injected capillaries, ‘‘venae lymphaticae,’’ directly connected with each terminal 

arteriole is roughly indicated by the dotted lines. 

show areas of injected capillaries surrounding the terminal arteri- 

oles (fig. 12), but the extent of these injected areas and their 

relation to the artery seems to be dependent rather on the pressure 

of the injection than on any constant or characteristic relation to 

the vascular system. I can not recognize any probable vascular 

or anatomical unit which might in any sense serve as an ana- 

tomical lobule or structural unit, as described for various other 

glands by Born, Mall and others. 

In Raia the occurrence of partially detached groups of thyroid 
follicles is more frequent than in the other species, but the number 

of such groups present in a gland varies from two or three to a 

score or more. The groups are outlined by connective tissue in 
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which broad venous spaces to a certain extent encircle the quasi- 

lobule. The veins thus lie at the periphery while the artery on 

reaching the group promptly breaks up into a plexus of broad 

capillary spaces—venae lymphaticae—which surround the folli- 

cles within the quasi-lobule. The number of follicles in the group 

varies from four or five to several score. 

In Carcharias the condition is similar to that in Mustelus, there 

being no indication of lobular groups except about the occasional 

irregular deficiencies in the thyroid mass. Except for the anatom- 

ical disintegration of the gland in one fish there was similarly no 

indication of lobulation in Squalus, but as none of my specimens 

from this species were prepared as total mounts I can not speak 

with the same certainty as in the other species. 

The form of the thyroid follicles is subject to considerable 

variation, but, in general, they may be said to be of ovoid shape, 

and, as pointed out for the mammalian thyroid by Streiff (97), 

they present frequent diverticula. The Elasmobranch thyroid 

differs from those described by Streiff in that they show very little 

tendency to branch and no indication of a tubular character when 

the whole follicles are examined in total mounts of the gland (fig. 

13). In cut sections diverticula are of frequent occurrence and are 

apparently the result of pronounced infoldings of the follicular 

wall rather than of any protuberance, or of any tendency of the 

follicle to branch. Fig. 13 shows characteristic follicles from all 

four species; the figures are of whole follicles and differ from the 

cut sections in that only the largest infoldings of their wall are 

visible. As already indicated, diverticula are more apparent in 

sections than in the preparations (total mounts) from which the 

drawings have been made. The particular follicles drawn from 

Carcharias present rather greater infoldings than those from the 

other species. I have not, however, observed that this is charac- 

teristic of Carcharias. In the figure the magnification is the same 

for the several Selachian species but less by one half for Raia; the 

follicles of Raia are, therefore, relatively about twice as large as 

shown. + 

The size of the follicles is subject to considerable variation as 

regards the individual follicles, the different thyroids, and the 



192 JEREMIAH S. FERGUSON 

Fig. 13. Outline of the follicles of thyroid glands as seen in total mounts. A, from Mustelus canis, X 152. B, from Squalus acanthias, X 152. C, from Car- charias litoralis, X 152. D, from Raia erinacea, X 80. 

various species. I have tabulated the results of some of the meas- 
urements. 

MAXIMUM MINIMUM | AVERAGE | AVERAGE RATIO ahaa SPECIES |/DIAMETER OF DIAMETER OF DIAMETER OF LENGTH OF | FOLLICLE TO THYROID 
FOLLICLE | FOLLICLE | FOLLICLE FISH FISH | 

GLAND 

Mustelus......... .160mm. | .017mm. | .067mm.| 67.8cm. 101.7 13.6mm. 
Squalus... .....:.| .079 .013 047 53.7 115. no data 
Carcharias....... PAB} .023 .100 Meth ty (24 Lime en 
1 REED ee sete eee ery: (0) .053 .167 46.2 PAL ail 6.5 
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The very large relative size of the follicles of Raia is at once 

apparent. They are approximately four times as large, relatively 

to the length of the fish, as in the case of any other species. When 

compared with the diameter of the gland the ratio is again in- 

creased, but this difference is in part compensated for by the 

increased thickness of the gland in Raia as compared with the 

other species. The thyroid gland of Raia is 1.5 times as thick as 

that of Carcharias, and 2 to 2.5 times the thickness of the gland 

in Mustelus. 

The column of ratios in the above table would indicate that in 

the Selachians the size of the follicle is in approximate proportion 

to the size of the fish, but that in Raia the relative size of the 

follicleismany times as great; the actual number of follicles in the 

thyroid gland of Raia is only a small fraction of those in the gland 

of any of the other species. It is readily susceptible of mathemat- 

ical proof that the combined circumference of large follicles con- 

tained in a given area is less than the combined circumference of 

smaller follicles in the same area; hence the gland of Raia with its 

larger follicles will contain proportionately less epithelium than 

the glands of the other species. I estimate that the difference 

is Just about sufficient to render the volume of secretory epithelium 

in the gland of Raia relative to the size of the fish equal to the 

volume of secretory epithelium in each of the other species. 

But it is equally susceptible of mathematical proof that the 

cubical contents of the combined follicles is greater in the 

gland having the larger follicles; hence there is in Raia a greater 

volume of intrafollicular space than in the other species. It is 

scarcely susceptible of proof but entirely reasonable to suppose 

that the epithelium of different individuals of the same or different 

species so closely allied and the Batoidei and the Selachii is approx- 

imately equally active as regards its secretory function. There is 

ample evidence that the fluid secreted by the thyroid epithelium 

into the cavity of the follicle finds its way through the wall of the 

follicle to the neighboring vascular spaces so that the direction of 
flow must, in part at least, be from the epithelium into the follicle 

and thence through the follicular wall to the vessels. In view of 

these facts the rate of this secretory flow in Raia, with its relatively 
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large intrafollicular space must be slower than in the other spe- 

cies with their relatively small intrafollicular cavities, or, to ex- 

press it differently, there is relative stagnation in intrafollicular 

secretory flow in the case of the thyroid follicles of Raia. It is 

well known that an albuminous secretion which is rendered rela- 

tively stagnant within the epithelial cavities of the body tends to 
produce colloid masses whose microchemical reactions more or 

less closely resemble those of the colloid material of the thyroid 

gland; this occurs, e.g., in the ducts and tubules of the resting — 

mammary gland and in dilated cystic tubules in the kidney. We ~ 

would therefore expect that in the thyroid follicles of Raia with 

their relatively stagnant secretory flow we should find an increased 

amount of colloid material. This I find to be the case, the pro- 

portionate volume of colloid present in the follicles of Raia being 

decidedly greater than in the other species. Similarly I find it 

the rule that the larger follicles contain relatively more colloid 

than the small follicles in the same gland. The volume of col- 

loid contained in the thyroid follicles, therefore, can not be 

regarded as an index of the activity of the secretory epithelium; 

it would rather appear as a sort of by-product whose volume 

was dependent upon the rate of flow in the fluid from which it 

was formed. This view harmonizes the appearance of colloid 

material in the thyroid gland with the occurrence of similar mate- 

rial in the other glandular portions of the body, and with those 

theories of thyroid secretion which regard the colloid as a by- 

product rather than as the secretion. Moreover the great varia- 

tions in the amount of colloid in the thyroid follicles are then 

explicable upon the basis of variations in the rate of secretory 

flow which, in turn, is dependent upon the physiological factors of 

blood and nerve supply as well as upon the anatomical factors. 

It is also interesting to observe that the volume of secretory 
epithelium in the several species examined remains in each case 

approximately proportionate to the size of the thyroid gland and 

to the size of the fish. The relation of the epithelium to the folli- 

cular content and to the blood vessels and lymphatics seems to me 

to indicate most clearly that the secretion is poured out from the 

epithelial cells so as to find its way, on the one hand directly into 
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the vessels, and on the other hand into the follicular cavity, whence 

it eventually passes through the follicular wall to reach the vessel. 

It is in the course of the latter flow that the colloid appears and 

its volume is dependent upon the rate of flow. 
The question arises as to whether or not the colloid may serve 

for the storage of secreted materials, somewhat after the manner 

in which the hepatic glycogen may be considered as stored car- 

bohydrate to be delivered as the needs of the economy necessitates ; 
if so the colloid material should show further evidences of change, 

at least, under certain conditions. That the colloid does undergo 

changes is evidenced by the appearance within its otherwise 
homogeneous mass of such structural alterations as vacuolation, 

basophile degeneration, and disintegration into granules of greater 

or less size, changes which are frequently observed (figs. 14, 15 and 

18). As to the physiological nature of these changes in colloid, 

and their possible connection with a storage function I can offer 

no conclusive proof, but it seems to me quite possible that such 

a relation exists. 
The thyroid follicles are lined by a simple columnar type of 

epithelium (fig. 11) whose cells show considerable variation in 

height. In the same gland the epithelium lining certain vesicles 

measured as much as .010 mm., others only .006mm. The epi- 

thelium of occasional vesicles was even lower, but was possibly 

open to the criticism of mechanical distortion since the colloid 

was often crowded against one side instead of lying in the middle 

of the follicular lumen, even though the tissues had been prepared 

with the greatest care. Being anxious to avoid any possible 

distortion of the tissue, I removed nearly all of the glands 

studied without allowing them to be touched by either instru- 

ment or fingers, the knife or scissors being passed through the 

muscle beneath, and the gland, supported on a thin layer of 

muscle, dropped bodily into the killing fluid. 
As a rule those follicles which were well filled with colloid 

possessed low epithelium, in those with taller epithelium the reverse 
was the case. In making this comparison the surface area of the 

sections of colloid mass was compared with that of the containing 
follicle. The average height of the epithelium of a number of fol- 
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licles in Mustelus which were well filled with colloid was .077 mm., 
while in a similar number of follicles which were either devoid of 
colloid, or nearly so, the height of the epithelium averaged .087 mm. 

Each epithelial cell possesses a fairly distinct cell-wall. Many 

cells appear to have a well marked cuticular border which appears 

to be more highly refractive than the endoplasm, but wherever the 

colloid lies in contact with the surface of the cell the cuticular 
border is obscured. I have also noticed that it is less pronounced 
in the thinner sections so that I am inclined to regard it as an 

optical diffraction line rather than a true cuticular membrane.. 

The conformation of the free ends of the epithelial cells tends to 

confirm this opinion. These cells project slightly into the lumen of 

the follicle by means of a somewhat convex free border so that the 

height of a cell is greater in its axis than at its margin. Thus the 

lower portions of a cell will, in the thicker sections (.010 mm. or 

more), Show through the taller central or axial portions and so 

account, at least, for a portion of the cuticular appearance. 

The exoplasmic membrane is specially distinct in the epithe- 
lium of the Elasmobranch thyroid gland. Baber (’81) called atten- 
tion to this fact, and described it as an intercellular network 
enveloping the cells and connecting the lumen of the follicle with 

the surrounding tissue spaces. If the lining epithelium of the 

follicle be cut parallel to the surface the resulting sections will 

show the membrane as a distinct mosaic within whose meshes the 

cells are apparently contained. It appears to me that this mosaic, 
which is distinct from the intercellular colloid observed by Lang- 
endorf (see page 200), is rather to be regarded as a cell membrane 

than as an intercellular substance, for there are many portions 

where in thin sections a narrow intercellular space is distinctly 
apparent and is bounded on either side by the exoplasmic mem- 

brane of adjacent cells. Occasionally the cells are separated by 
wider intervals through which the follicular lumen is placed in 
direct communication with the surrounding tissue spaces. 

There appears to be no distinct basement membrane upon 

which the follicular epithelium may rest. At intervals the cells 
are invested with a very small amount of loose connective tissue 
(fig. 11), but in large part the epithelium rests directly upon the 



THE ANATOMY OF THE THYROID GLAND 197 

walls of the venous channels and lymphatic vessels (fig. 14). 

Thus the relation of the epithelium to the vascular lumen is a 

very intimate one. 

The cytoplasm of the ‘‘chief”’ cells is relatively clear, but con- 

tains a coarsely granular eosinophile reticulum. Some cells 

appear much more granular than others. In such cells as are filled 

with colloid, ‘‘colloid cells,’ the granular reticulum is entirely 

obscured (fig. 14, A). 
The nuclei of the chief cells are spheroidal, vesicular, and are 

placed near the base of the cell. From the apices of many of these 

cells threads of secretion extend to the central colloid mass. The 

apices of many of the chief cells appear ragged, frayed, and often 

shrunken, so that the height of the cell is decreased. Such cells 

present an appearance suggestive of an advanced stage of secre- 

tion. Other cells contain granules at the distal ends which are 

arranged in vertical rows, giving this portion of the cell a some- 

what rodded appearance; such cells are usually well filled with 

granules. Occasionally a similarly ragged and rodded appearance 

is seen at the base of the cell and it suggests that secretion may 

also be discharged at that point. Such a possibility is rendered 

more probable by the absence of basement membrane and the 

intimate relation to the lymphatics and blood vessels, these cells 

often resting directly upon the vascular endothelium. Laterally 

the epithelial cells frequently are separated from one another, 

leaving considerable spaces or channels through which secretion 

may find its way from the follicular lumen to the neighboring 

vessels; such channels are often occupied in part by colloid and in 

a few cases I have traced the colloid in a continuous line from the 

intrafollicular mass to the interior of the vasa and venae lympha- 

ticae (fig. 10). 

The above observations suggest that secretion may either be 

discharged from the chief cells into the lumen of the follicle 

and thence find its way through the follicular wall to the blood 
and lymphatic vessels, or that it may be discharged from the cells 

directly into the vessels; this is in harmony with the conditions 

indicated in the thyroid gland of mammals. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 2. 
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Fig. 14. A, section of the thyroid gland of Mustelus showing a follicle com- 
At y a carmine granule, derived from the pletely surrounded by “colloid cells.”’ 

B, section of the thyroid gland injection mass, lies in the vena lymphatica. 

of Mustelus showing follicles lined entirely by ‘‘chief cells.” 
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The colloid cells described by Langendorf (’89) are remarkably 

distinct in most of the sections of Elasmobranch thyroids and con- 

stitute one of the most characteristic features of the thyroid gland 

of these fishes. The colloid cells are distinctly acidophile and are 

easily recognized in specimens stained with hematoxylin and 

eosin if the eosin is used in dilute solution and allowed to act for 

one-half hour or more. They present a glistening, highly refractive 

colloid appearance, which is in marked contrast to the granular 

chief cells. The colloid cells occasionally occur singly, but aremore 

frequently disposed in groups along one side of the follicle. One 

such group (fig. 14, A), more extensive than the others, was seen 

to include fully three-fourths of all the epithelium in its follicle. 

The groups are often in contact with the central colloid mass, and 

the colloid within the cell may then appear continuous with that 

within the follicle. Occasionally a group of such epithelium 

appears to have been completely engulfed by the colloid mass, the 

epithelial nuclei then appearing well within the colloid. Such 
appearances might suggest mechanical distortion, but as the sur- 

rounding follicles show no evidences of injury, and, as already 

stated, the tissues were very carefully prepared, I am more in- 

clined to agree with Bozzi (95) that these appearances are the 

result of vital phenomena. 

The nuclei of the colloid cells are small and deeply stained, so 

deeply, in fact, that in the usual preparations they frequently 

show neither nuclear wall nor karyosomes. Unlike the nuclei 

- of the chief cells they are usually situated near the inner extremity 

of the cell rather than at its base. The greater the cell is distended 

with colloid the farther its nucleus is pushed toward the cell’s 

apex; in the most distended cells there was frequently some dis- 

tortion and even fragmentation of the nucleus. A further continu- 

ation of this process would account for at least a portion of the 
extruded and disintegrating nuclei found within the intrafollicular 

colloid masses (figs. 11 and 18). 
The intrafollicular colloid closely resembles that of the mamma- 

lian thyroid gland. It is strongly acidophile and is usually homo- 

geneous or very finely granular in appearance. Frequently a 

minor portion of the mass, e.g., one side, is finely granular while 
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the major portion is clearly homogeneous. The well-known fila- 

ments pass at frequent intervals from the colloid mass to the 

epithelial surface. Some of these filaments can be traced to the 
free surface of the epithelial cell while others quite clearly enter 

the intercellular spaces, where, in tangential sections of the fol- 

licle, they form intercellular masses simulating the net-work de- 

scribed by Baber (’81) and interpreted by Langendorf (’89) as 
the ramification of colloid cells. 

Occasionally the colloid mass appears to have been disinte- 
grated into small spherules .007 to .008 mm. in diameter (fig. 15). 

The size of these spheres is suggestive of the red blood cells of 

mammals, but the red cells of Elasmobranchs are ovoid and larger. 

Of the spherules some are distinctly acidophile but many are 

slightly basophile, none, or very few, are strongly basophile. All 

the spherules are homogeneous, and I have observed in the more 

basophile no tendency to chromatolysis such as one might expect 

to find if the spherules of this type were thought to represent de- 

generating nuclei of the red cells, nor have I been able to trace 

stages of transition from the nucleus to the basophile spherule. 

Since all the blood cells of the species studied are nucleated one 

could not well infer that the acidophile spherules could represent 

any stage in the disintegration of red blood cells, for none of thése 

spherules contain even traces of chromatin. On the other hand, 

both red and white blood cells can occasionally be found within the 

colloid quite independently of the spherules I have described; 

in this particular the Elasmobranch thyroid is in accord with the 
well known structure in other vertebrate orders. The appear- 

ance, location, disposition and reactions of the spherules indicate 

their origin from the solid colloid masses, from which they would 

appear to be formed by disintegration with progressively increas- 

ing basic reaction. That the reverse process occurs, viz., that the 

spherules may represent intermediate stages in the formation of the 

colloid masses, is contraindicated by the fact that only very few 

follicles contain spherules, nor does there appear to be any indica- 

tion of a tendency of the spherule to fuse. On the other hand, a 

tendency to further disintegration is quite apparent, and the 

possibility is suggested that the colloid in this way may be trans- 
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Fig. 15. Section of the thyroid gland of Raia showing the colloid within a 

follicle disintegrated into spheroidal masses of varying size and depth of stain. 

Fig. 16. Section through the ventral margin of the thyroid gland of Mustelus 

with sections of the very broad venae lymphaticae of the thyroid sinus simulating 

an endothelial capsule about the gland. 
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formed to such a state that it may be secreted through the wall 

of the follicle, in which case the intrafollicular colloid would pre- 

sumably assume the nature of stored secretion which is first poured 

out from the cells as a fluid, is then condensed through retention 

within the follicle, to form colloid, and is later disintegrated, pass- 

ing out of the follicle with the secretory flow. The chemical analy- 

ses of the thyroid gland, showing the common relation of iodin 

to the colloid and to the active principle of thyroid secretion 

would harmonize with such an hypothesis. 

Vacuolation of the colloid mass (fig. 14) is of frequent occur- 

rence; it may result either from the inclusion within the intra- 

follicular colloid of portions of the peripheral cup-like impressions 

which Langendorf has surmised result from the secretion pouring 

out from the surface of the epithelial cells, or it may be further 

evidence of disintegration of the colloid with formation within 

its substance of fluid droplets, rather than of solid spherules. 

The vacuoles are filled with a clear fluid and occasionally contain 

basophile granules. A colloid mass may contain many small 

vacuoles mostly at or near the periphery of the mass and contain- 

ing few, if any, basophile granules, or it may contain one or more 

vacuoles of relatively large size which occupy the interior of the 

mass and may be more or less completely filled with the granules. 

These granules stain deeply with hematoxylin and similar dyes, 

and they are either amorphous or somewhat crystalline in form. 

The origin of the chromatic material within the vacuoles may be 

from chromatolysis of the nuclei of either the disintegrating folli- 

cular epithelium or of blood cells included within the colloid. 

Evidences of disintegration of epithelium and extrusion of the 

nuclei as well as of the penetration of the nuclei together with 

blood cells (fig. 20) into the colloid mass are frequently seen. But 
the disintegration of such cells and nuclei can scarcely account 

for the much more numerous vacuoles in which no basophile 

chromatic substance is found. 

The follicles of the thyroid are supported within the meshes of 

a connective tissue stroma in which the blood-vessels lie. The 

volume of connective tissue is never great, much less than in the 
mammalian gland. There is more connective tissue in the gland 
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of Raia than in the other species examined; in Mustelus and Squa- 

lus there is so little that one wonders at the relative compactness 

of the organ. In these Selachii the epithelium rests directly upon 

the walls of the blood-vessels, and they in turn consist of little 

else than endothelium and form broad sinuses rather than capil- 

laries or venules. 

The gland is inclosed by a very thin connective tissue capsule 

and its tissue is thus always sharply defined from the surrounding 

structures. In Mustelus and Squalus, and to some extent in the 

other species, the broad vascular channels of the thyroid sinus 
are in direct contact with the capsule, so that in sections the ven- 

tral surface of the gland often appears clothed with an endothelial 

coat derived from these vessels (figs. 16 and 17); a similar disposi- 

tion of the vascular endothelium of collapsed blood-vessels is also 

occasionally seen on the margins and dorsal surface of the gland. 

The blood vessels have been in each case carefully studied by 

dissection, injection, sections, and transparent total mounts of 

the gland. Both blood vessels and lymphatics were demonstrated 

beyond doubt, though lymphatics have not hitherto been observed 

in these fishes and their existence was denied by Baber (’81). 

Fig. 9 shows the lymphatics filled with injection mass, lying 

‘between the blood channels and the follicular epithelium; they 

appear as perivascular lymphatics in the wall of the venae lym- 

phaticae. Similar vessels, perivascular lymphatics, are found in 

the walls of the arteries and veins of the thyroid, the thyroid sinus, 
and the arteries of the hypo-branchial system (fig. 8). 

The course of the larger blood-vessels was readily followed 

in injected specimens in which the whole gland was examined 
under the microscope. The arteries course upon the surface of 

the gland, the major portion of them being always on the ventral 
surface. Fig. 19 shows the distribution of the arteries in the thy- 
roid of Mustelus, and figs. 3 and 4 indicate the relative area of the 
gland supplied by the arteries of the right and left side, the left 
thyroid artery, as in figs. 3 and 19 usually supplying the greater 

part of the organ, though occasionally the major part, as in fig. 4, is 

supplied from the right side. Twigs from the superficial branches 
here and there penetrate the gland, break into arterioles, and 
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Fig. 17. Section through the ventral margin of the thyroid gland of Squalus 

‘showing peripheral venae and vasa lymphatica. 

‘ 
% 

, Fig. 18. Section of the thyroid gland of Carcharias showing the disintegrating 

‘nuclei of leucocytes or red blood cells within the intrafollicular colloid. 
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promptly empty into groups of broad interfollicular, blood capil- 

laries, the venae lymphaticae (figs. 9, 11, 12), which envelop the 

follicles on all sides. From the venae lymphaticae the veins pass 

out of the gland at its posterior and lateral borders and dorsal 

surface to enter the thyroid sinus; a few veins from the lateral bor- 

der of the gland pass directly to the hyoid sinus. 

The course of the lymphatics was much less easily determined 

than that of the blood vessels. “Stick injections,” as ordinarily 
made, spread so rapidly through the loose connective tissue of 

the gland and so easily entered and filled the venae lymphaticae 

that they entirely obscured the smaller vasa lymphatica. The 

venae lymphaticae thus injected form a dense almost opaque mass, 

showing that the thyroid may well occupy the place in these fishes 

assigned to it by Tscheuwsky (’03) as the most vascular of mam- 

malian glands. After several futile attempts to inject the lym- 

phatics in the ordinary way the method was so altered as to inject 

only minute areas under a very low pressure. In this way it 

was found that at the margins of the injected area the fluid which 

had entered the vessels traveled farther than that in the connec- 

tive tissue spaces, and in many cases the vasa lymphatica were 

filled beyond the limits of the injected venae lymphaticae, so that 

in the outermost zone of the injected area the true lymphatics 

could be readily studied, the venae lymphaticae in this zone being 

either empty or only partially filled. 

The vasa lymphatica are, for the most part, perivascular chan- 

nels (fig. 9), but they are also in direct contact with the epithelial 

walls of the follicles (fig. 10). The vasa lymphatica could not 

be followed for any great distance through the injected zone, for, 

on the one hand, they entered the area of opaque injection mass, 

and in the other direction they ended abruptly, often with a 

small knob-like dilatation. By means of serial sections I was able 

to determine in uninjected specimens that the vasa lymphatica 

opened at the points of terminal dilatation directly into the venae 

lymphaticae (fig. 10, X). Having demonstrated the connection 

between the two sets of vessels in uninjected specimens, show- 

ing the true relation of vasa and venae lymphaticae, many 

points in the. injected specimens could be readily found at 

which it seemed quite certain that the injection mass was 
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art. thyr-sinestra 
VG 19 

Fig. 19. Drawn from a total mount of the thyroid gland of Mustelus canis, 

showing the course and distribution of the thyroid arteries and the origin of some 

of the veins of exit. The vessels on or near the ventral surface are indicated by 

the solid black lines, those on or near the dorsal surface of the gland by dotted 

lines. 

Fig. 20. A section from the thyroid gland of Carcharias, showing invasion of 

epithelium and colloid by leucocytes. 
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passing from the vasa lymphatica directly into the venae. The 

relatively intimate relation between the veins and lymphatics 

in fishes is well known; Wiedersheim (’07) and Favaro (’06) 

have recently emphasized the fact so far as the tail vessels of 

fishes were concerned. ‘This intimate relationship seems to be 

quite as obvious in the thyroid vessels and in those of the region 

occupied by the thyroid sinus (vide supra). 

That the vasa lymphatica are true lymphatics and not blood- 

vessels is shown by the fact that in many cases they are of alto- 

gether too small caliber to transmit the large red blood-cells of the 
Elasmobranch fishes. Moreover, the quasi valvular nature of 

their anastomosis with the veins, as already described, renders 

highly improbable the regurgitation of blood-cells into the vasa 
lymphatica even in the larger vessels. 

In mammalian thyroid glands, especially in dogs, one now and 

then observes instances where the colloid has accumulated beyond 

the bounds of the follicles, giving to sections of the organ the 

appearance of a tissue completely infiltrated by the waxy colloid 
substance. No such appearance was found in the Elasmobranch 

thyroids which were studied, unless the follicles lined chiefly 
by colloid cells could be so interpreted. 

SUMMARY 

1. The Elasmobranch thyroid gland closely simulates the 

human, both in the form and structure of its follicles and the dis- 
tribution of its blood-vessels. 

2. The gland rests upon the basi-hyal cartilage whose anterior 

margin forms an excellent guide to its location. 

3. The pyramidal lobe of mammals is often represented in Elas- 
mobranchs by a process passing forward and reaching the floor 
of the pharynx through a notch in the anterior margin of the basi- 

hyal cartilage; this notch is sometimes converted into a foramen. 

4. Baber’s opinion that lymphatics are not present in the thy- 
roid of Elasmobranch fishes was founded on insufficient evidence 

and is incorrect. 
5. Lymphatics are present in considerable numbers both in and 
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about the thyroid gland and can be demonstrated by injection and 
in sections; they are true ‘“‘vasa lymphatica.”’ 

6. The blood-vessels within the thyroid gland terminate in a 

network of ‘‘ venae lymphaticae’’ which invest the follicles, receive 

the vasa lymphatica, and transmit either or both blood and lymph, 

under varying conditions of blood-pressure. 

7. The thyroid artery arises from the ventral end of the efferent 

hypobranchial arterial loop contained in the hyoidean hemibranch 

and the adjacent half of the first holobranch by an independent 

origin or by a common stem with the mandibular or submental 
artery. 

8. The thyroid veins in these fishes for the most part enter the 

‘thyroid sinus,”’ a mass of veins and lymphatic vessels which pour 

their blood into the hyoid sinuses. 

9. The rhythmic respiratory movements of the pharyngeal wall 

cause the thyroid sinus to act somewhat after the manner of a 

‘“‘vein-heart”’? or ‘‘lymph-heart.”’ 

10. The hypobranchial arterial system is formed as described 

by Hyrtl in 1858 and 1872, and the direction of the flow of its 

blood is from the gill vessels toward the coronary and other ter- 

minal arteries, as indicated by Hyrtl and again by Parker and 

Davis in 1899, and not from the subclavian artery toward the 

coronaries, as described by T. J. Parker in 1886. The hypobran- 

chial artery of T. J. Parker, forming an anastomosis between the 

subclavian and median hypobranchial arteries, is of insignificant 

importance and is frequently wanting. 

11. The relative volume and distribution of the ‘‘colloid”’ in 

the glands of different species indicates that this substance is a 

retention product, formed from the albuminous secretion of the 

follicular epithelium. 

12. The further changes occurring in the ‘‘colloid”’ indicate 

the possibility of its usefulness as a sort of stored-up secretion. 

13. The follicular epithelium contains both “‘chief’’ and “col- 
loid”’ cells, the latter being even more numerous and characteris- 

tic than in the mammalian thyroid. 

14. The parenchymal epithelium is in intimate relation with the 

vasa and venae lymphaticae; it rests directly upon or in close 

proximity to the endothelial wall of these vessels. 
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EXPLANATION OF FIGURES 

Abbreviations 

I—YJ, first to fifth branchial clefts 

A. lat., lateral artery 

A, thry., thyroid artery 

A. thyr. imp., arteria thyreoidea impar 

Art., artery 

b. hy., basi-hyal cartilage 

cap., fibrous capsule of the thyroid 

gland 

ch. ep., chief cells of the follicular 

epithelium 

col., colloid 

com., commissural artery 

cor., coronary arteries 

coraco-mdb., coraco-mandibular artery 

coracoid, coracoid artery 

D A., dorsal aorta 

en., vascular endothelium 

ep., epithelium of the thyroid follicles 

epibr., epibranchial artery 

fol. thyr., follicles of the thyroid gland 

gastric, gastric arteries 

hy. sn., hyoid sinus 

hypobr., hypobranchial artery 

hypobr.’, its anastomosis with the com- 

missural artery. 

L., vasa lymphatica 

l. c., lateral commissural arteries 

Lat. hypobr., lateral hypobranchial ar- 

tery 

M.c.br., coraco-branchial muscle 

M.c. hy., coraco-hyoideus muscle 

M. c. mdb., coraco-mandibularis muscle 

Med. hypobr., median hypobranchial 

artery 

p. c., pericardial arteries 

pharyn., pharyngeal arteries 

R B C, red blood cells. 

s. a. v., ventral arterial sinus of the 

first hypobranchial loop. 

sbel., subclavian artery 

thyr., thyroid gland 

thyr. sn., thyroid sinus 

V. vein y 

V A, ventral aorta 

V L, venae lymphaticae 

W B C, white blood cells 

x., point of anastomosis of vasa and 

venae lymphaticae 

y., injected carmine granules in the 

venae lymphaticae 
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ON THE MUSCULAR. ARCHITECTURE OF THE 
VENTRICLES OF THE HUMAN HEART 
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TWENTY-TWO FIGURES 

The present study is to be considered as a continuation of 

John Bruce MacCallum’s, whose ill health prevented him from 

continuing his work. MacCallum was a brilliant student, a man 

of marked artistic temperament, whose untimely death has been 

a very great loss to scientific anatomy. At the beginning of his 

medical career, while he was yet a student of histology, he made 

important observations on the histogenesis of the heart muscle 

cell’ which he believed to show that the main growth of the wall 

of the ventricle takes place immediately under the endocardium, 
—possibly in the Purkinje fibers. In order to give this ques- 

tion a fuller test, he made a study of the growth of the sartorius 

muscle,? for it was thought that in this simple organ a key to 

the growth of the muscle walls of the heart might be found. 

Although the hypothesis regarding Purkinje fibres has proved 

to be erroneous and although the study of the sartorius has been 

found to be of little value in the study of the heart muscle, he did 

succeed in unrolling the wall of the left ventricle to a single 

sheet or scroll of muscle fibers. His presentation of the archi- 

1J. B. MacCallum, On the histology and histogenesis of the heart muscle cell. 

Anatom. Anzeiger, 13, 1897. 

2 J. B. MacCallum, On the histogenesis of the striated muscle fiber, and the 
growth of the human sartorius muscle. Johns Hopkins Hospital Bulletin, 1898. 

3 J. B. MacCallum, On the muscular architecture and growth of the ventricles 

of the heart. Welch Festschrift, Johns Hopkins Hospital Reports, vol. 9, 1900. 
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tecture and growth of the ventricles of the heart marks a mile- 

stone in this study, the like of which is found only in Gerdy’s 

some seventy-five years before. Both Gerdy* and MacCallum 

studied the heart muscle as a whole and did not deal with it in 

fragments. MacCallum, as Gerdy, did his work while still a 

medical student, but unlike him, presented his work in a mas- 

terly way. His paper iscomprehensive. When we recall that 

MacCallum unraveled the heart musculature of the foetal pig in 
the brief period of a week, conceived his illustrations in a second 

week, and wrote his beautiful paper in a third week, we realize 

that he was possessed with genius of a very high order. Ill 

health checked his studies in this direction and his untimely 

death brought them to an end. However, the problem and his 

spirit of work have lingered with us, and it was first Knower® who 

showed that what MacCallum had found in the foetal pig’s 

heart could be confirmed in the human adult. This has made it 

possible to round out the work of MacCallum in order to make 

it of use to anatomists and physiologists. The desire to do this 

MacCallum had often expressed to me, and-I consider it a privi- 

lege and a duty to a friend and to our science, to carry out, in a 

measure at least, a plan which he was compelled to abandon. 

The first good analysis of the musculature of the heart was 

given by Winslow about two hundred years ago and we see 

some progress in this line of study in Paris through his pupils 

and successors until the brilliant work of Gerdy published in his 

doctor’s thesis about a century later. The connection of the 

fiber bundles at the base of the heart, which turn upon them- 

selves at its apex, was well known to Lower,‘ and a good descrip- 
tion of the arrangement of the external fibers was given by 

Winslow,’ and later by C. F. Wolff.® 

4 Gerdy, Recherches, discussions et propositions, ete., Thése, Paris, 1823. 

5 Knower, Demonstration of the interventricular muscle bands of the adult 

human heart. Anatom. Record, 2, 1908. 

® Lower, Tractatus de corde. London, 1669. 

7 Winslow, Mémoires de l’Academie Roy. des Sciences, Paris, 1711. 

8 Wolff, Acta, Acad. Sci. Imp. Petropal., vols. 2-10, 1780-92. 
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The heart muscle problem comes up anew in the great edition 

of Hildebrand’s anatomy by E. H. Weber nearly a century ago.® 

He also considered the organ as a whole and did not neglect the 

study of its function, a distinction which has characterized the 

work of the Leipzig anatomists and physiologists since his time, 

as the publications of C. Ludwig,!° Krehl," His, Sr.,” and His, Jr. 

bear witness. All this illustrates that progress in anatomy is 

most likely to occur when its problems include the study of 

growth and function, as well as of structure. 
Although MacCallum found that he could unroll the foetal 

pig’s heart by macerating it in a modified Krehl’s mixture of 

nitric acid, this is by no means necessary. Hearts that have 

been boiled in water slightly acidulated with acetic acid are of 

very great value for the study of the course of the fibers. Un- 

fortunately this method causes the hearts to shrmk—puts them 

into the systolic state—and softens the tendons at their base. 

For these reasons I boil only two hours or less or until the outer 

connective tissue and fat can be easily removed without soften- 

ing the tendons too much. For careful dissection, however, it 

is well to have the hearts distended and somewhat tougher than 

the boiled hearts are. Such specimens can be made by fixing 

either distended or contracted hearts in a 3 per cent solution of 

earbolic acid. Specimens prepared in this way may be kept in 

stock, but their dissection is slow and tedious. The outer con- 

nective tissue must be stripped off before the muscle bundles 

may be separated with the forceps and fingers. The disadvan- 

tage of the carbolic acid is apparent, but I have found that the acid 

can be washed out in flowing water in the course of several days. 

Weak alcohol and other macerating fluids are also of value, but 

since most of the hearts used came from cadavers which had: 

9 E. H. Weber, Hildebrand’s Handbuch der Anatomie des Menschen. Braunen- 

schweig, 1831, Bd. 3. 

18 C, Ludwig, Zeit. fiir rat. Med., Bd. 7, 1849. 

11 Krehl, Abhandl. d. K. 8S. Ges. d. Wiss. Math.-phys. Cl., Bd. 17, 1891. 

12 His, Sr., Anatomie mensch. Embryonen, Bd. 3, Leipzig, 1885, and Beitrage zur 

Anatomis des mensch. Herzens, Leipzig, 1886. 

13 His, Jr., Abhandl. d. K. 8. Ges. d. Wiss. math.-phys. Classe Bd. 18, 1891. Ar- 

beiten aus der med. Klinik zu Leipzig, 1894. 
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been embalmed with carbolic acid, there was little opportunity 

to use other methods with the human heart. However, car- 

bolic acid specimens may be further prepared nearly as well as 

fresh hearts by boiling and such secondary treatment was also 

employed. Hither boiled or fresh hearts that are to be dissected 

subsequently or preserved permanently may be kept perfectly 

well in a 3 per cent solution of carbolic acid or in formalin. 

Before discussing the architecture of the heart musculature it 

is necessary to define a fiber. It is now well-known that heart 

muscle cells form a syneytium in which may be found the primi- 

tive fibrils of the cells. The bundles in general are parallel in 

direction with numerous lateral branches which pass out of a 

single group of cells at very acute angles. On account of the 

numerous large clefts between the cells, to make room for blood 

vessels as well as strands of connective tissue, groups of cells 
can be separated into larger bundles or fasciculi which are clear- 

ly recognizable to the naked eye. These are the so-called fiber 
bundles which are not entirely free but anastomose constantly with 

adjacent fiber bundles. It thus happens that no bundles are single 

but they are a portion of a continuous network which is a repe- 

tition on a larger scale of the primitive fibrils seen under the mi- 

eroscope. The fasciculi have a general parallel direction which, 

however, are constantly shifting in direction as they penetrate 

the heart wall, so that ultimately the fibers on the outside of the 
heart lie at right angles to those under the endocardium. 

The direction of the fibers is also of physiological significance; 

the fibers always shorten and widen in contracting, so that a 

square centimeter of surface becomes shorter and not wider in 

the direction of its fibers, but thicker in the direction of the 

thickness of the heart wall. In the change of shape from dias- 

tole to systole the external surface of the heart becomessmaller 

and the thickness of wall becomes greater. This is all well known. 
In stripping off the fibres it is found that successive bundles 

are constantly passing under one another so that they overlap 

much as do the shingles of a roof. The outer fibers which arise 

at the base send small bands into the depth which have a tend- 
ency to turn upon themselves to return to the base. This is 
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more marked on the right side of the heart than on the left and 

in front than behind. The most sharply defined parallel fibers 

are found crossing the posterior longitudinal sulcus. 

I shall speak of a group of fibers as a fasciculus and a number 

of them side by side, sufficiently collected to be pulled off together, 

as a sheet. I wish to repeat that the fasciculi and sheets are 

never fully separated from adjacent fasciculi or sheets, but are 

in constant communication with them. The fasciculus marks 

the chief direction of the fibrils which can be stripped off with 

considerable ease, and pass in the direction in which the muscle 

shortens in contracting. 

Schema A. The outer and inner bundles are continuous at the apex as V-shaped 

loops with very acute angles. Somewhat deeper the angle at the point of turning 

~ is aright angle and in the middle layer the bend forms an obtuse angle. 

No simple schema can be given which applies equally well 

to all portions of the heart wall. In general the wall is composed 

of V-shaped loops lying within one another, the outer forming 
very acute angles at the heart apex, with one stem of the V on 

the outside of the heart and the other on the inside (Schema A). 
Passing towards the middle of the ventricle wall the V-shaped 
loops do not reach to the apex, and the angle is less acute. Fin- 

ally as they come to lie in the middle of the wall the V’s form 

quite obtuse angles. This change may be said to be due to the 
lateral anastomoses of fasciculi becoming greater than the main 
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bundles. This simple schema becomes distorted because the 

V-shaped loops are not limited to a relatively flat portion of the 
ventricle wall but they encircle the whole ventricle and are also 

“tucked up”’ into the septum, especially at its anterior border. 

The fasciculi and sheets which I shall describe are marked by their 

points of origin, their ending, and especially by their relation 

to the vortex of the left ventricle as well as by the muscular 

septum of the ventricles. 

There is an agreement among authors regarding the course 

of the muscular fibers on the external surface of the heart. How- 

ever, it is well, in studying their course, to prepare several speci- 
mens of adult hearts as well as those of children, in order to de- 

termine variations in case they exist. This is best done by clean- 

ing the muscle of the ventricles of hearts which have been well 

fixed in carbolic acid or in alcohol, and by removing the atria 

entirely. The superficial blood vessels of the heart should be re- 

moved also. By comparing a number of such specimens it will 

easily be seen that in general the fibers over the right ventricle 

are in a transverse direction and over the left in a perpendicular 

direction. All this is clear when it is remembered that the apex 

belongs entirely to the left ventricle and towards it most of the 
muscle bundles stream to form the great vortex of the left ven- 

tricle which surmounts the apex. Fibers on the right side must 

cross both anterior and posterior longitudinal sulci to reach the 

great vortex upon the apex, thus giving these a transverse di- 

rection while those on the left side simply stream downward to 

the apex. The transverse direction of the fibers over the right 

ventricle is maintained somewhat more on the posterior sur- 

face of the heart than on the anterior, because the posterior 

fibers stream towards the small vortex of the right ventricle which 

is higher up, while the anterior stream toward the great vortex 

of the left ventricle which is lower down. What has been said 

may be seen easily by superficial observation of any heart which 

has had all of the epicardium removed." 

144 This is well shown in MacCallum’s diagram, fig. 15, which is reproduced in 

Piersol’s Anatomy, fig. 664. 
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All of the superficial fibers may be described as arising around 

the tendinous rings at the base of the heart to which the valves 

are also attached. However, these rings are intimately related 

to the aorta and pulmonary artery through the membranous 

septum, which marks the inter-ventricular opening in the embryo. 

In fact it may be considered to represent much more than this, 

for it extends upward to include the aorta and pulmonary artery, 

the tendon between these baving been well described by Krehl. 

The tendinous rings inclose both atrio-ventricular openings and 

extend to include the membranes which close the openings be- 

tween the right and left hearts in the embryo. The extent of 

this tendinous band is well shown in fig.1, in which the inter- 

ventricular membrane is marked X and its extension to the 

pulmonary artery X’. It is further seen that the course of the 

muscle fibers from these tendons is not uniform in all directions 

showing marked differences in each portion of the heart. The 

fibers from the left side of the heart, A, pass downward towards 

the apex, those around the right side, B’, B’, are transverse, 

while those around the pulmonary artery, A’, are circular. Those 

marked A pass directly to the great vortex forming its poster- 

ior horn’ (fig. 2, A,) while those marked B cross the pos- 

terior longitudinal sulcus to the vortex of the right ventricle 

and finally across the anterior longitudinal sulcus to the anter- 
ior horn of the great vortex, (fig. 2, B ). 

In general, then, the superficial fibers of the wall arise from the 

tendinous structures at its base and converge toward the apex 

to form the great vortex of the left ventricle. Those arising 
from the conus, the left side of the aorta and the left side of the 

left ring,( fig. 1, 4, A’), pass to the posterior horn of the vortex, 

and ultimately to the septum, while those arising mostly from the 
right fibrous ring posteriorly, (fig. 1, B, B’), pass around to the an- 

terior side of the heart to form the anterior horn of the vortex, 

15 In Haller’s Physiology, London, 1764, vol. 1, p.75, we find the vortex described 

as being composed of two horns to correspond with the two main bands of muscle 

which penetrate the heart here. According to Haller one group is inserted into the 

septum and the other penetrates the left ventricle and returns in a contrary direc- 

tion to the base. This is substantially correct. 
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(fig. 2, B), and ultimately enter the papillary muscles of the 

left ventricle. It follows, then, that there is one group of super- 

ficial fibers of the heart which belongs to the left ventricle and 

one to the right. Since these two muscle groups have been rec- 

ognized for a very long time and since I have been able to define 

them with even greater precision through the horns of the vortex, 

it is well for the sake of easy description to give them specific 

names. The bundle from the conus and the root of the aorta, 

—the aortic bulb,—takes a spiral course to the vortex and then 

enters the septum. It may be termed the bulbo-spiral. The. 
other group arises from the venous (sinus) end of the embryonic 

heart and takes a complementary course. It may be termed 

the sino-spiral bundle. Each group falls into two chief layers, 

a superficial and a deep, so we have superficial and deep bulbo- 
spiral bands, and superficial and deep sino-spiral bands. When 

the modifying term is not used, the superficial band, the band 

to the vortex, is meant. 
EK. H. Weber’ states expressly that the vortex of the heart is 

limited exclusively to the left ventricle, while the superficial 

fibers of the right ventricle do not form a vortex at its apex, but 

pass into the heart along the anterior longitudinal sulcus as well 
as at the apex of the right ventricle. They also pass over the 

posterior longitudinal sulcus to blend with the superficial fibers 
of the left ventricle. The fibers which pass into the depth are 

shown in fig. 7, A. A similar figure has been published by C. F. 

Wolff..7. In general this description is correct, but we notice 

from time to time a vortex of the right ventricle spoken of in 

the literature.!8 The examination of a number of well preserved 

human specimens from which the pericardium and connective 

tissue have been carefully removed will show definitely that 

there is a vortex at the tip of the right ventricle as well as at that 

of the left. This is shown, giving also the course of the main mus- 

cle bundles, in fig. 2. This figure has been drawn with care and 

through its interpretation we learn the course of the main muscle 

16 Weber, l.c., vol. 3, p. 146. 

17 Wolff, l.c., 1780, Fig. 3. This figure was copied by Lodor, Anatom. Tafeln, Wei- 

mar, 1794, Bd. 4, Taf. 114, Fig. 2. 

18 Wor example, Krehl, l.c., page 351. 
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Fig. 1 Base of a well developed heart showing the course of the superficial mus- 

cle fibers. A, A’ (BS), origin of the superficial bulbo-spiral muscle; B, B’, (SS) 

origin of the superficial sino-spiral muscle. From X to X’ around the front of the 

aorta indicates the coygse of the aortic septum. TR, posterior triangular field. 

With the exception of os, 13 and 15 the figures are natural size. 
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bundles of the ventricles of the heart. Throughout this paper 
I shall speak of a vortex of the right ventricle, and the vortex, 

or vortex of the left ventricle, to designate the vortex of the 

BNA. 
That the main superficial muscle bundles enter the heart at 

its apex to spread out on the inside of the ventricle has been 

known to anatomists since the time of Borelli, whose account 

of the contracting mechanism of the heart muscle is the one my 

study strives to revive. KE. H. Weber has given us the most: 
satisfactory account of the arrangement of the muscle bundles 

of the ventricle and his description should be studied by all who 
wish to become familiar with the subject. It is one of the most 

satisfactory accounts that has yet appeared.!® Weber pointed 

out clearly that the superficial and inner muscle bundles radi- 

ated spirally from the apex towards the base of the heart, but 

in opposite directions. In viewing the heart as an object it is 

found that they pass from left to right towards the apex on the 

outside of the heart, and from right to left on the inside. Be- 

tween these two layers there is a middle layer which according 

to Wolff can be broken into an outer sheet with fibers more nearly 

parallel to the outer layer of muscle bundles and an inner sheet 
in which the direction of muscle bundles corresponds more nearly 

with those of the inner layer. So the statement made by Lud- 

wig that any cube of heart wall extending from the pericardium 

to the endocardium is composed of fibers on the outside which 

are at right angles to those on the inside, rests upon a sound 

anatomical basis. When such a block is torn to pieces it is fur- 

ther found that the fibers on one side gradually rotate in position 

as they are followed to the other. 

Weber’s studies of the musculature of the heart, especially 

that of the left ventricle, do not deal with the course of the fibers 

in the septum in a satisfactory manner, and he expressly states 

that this portion of the heart must be unraveled before a com- 

prehensive view of the whole system of muscle bundles will be 
obtained. In this region the many studies of Casper Friedrich 

19 The large modern textbooks with the exception of Quain’s Anatomy ignore the 

musculature of the heart altogether or give but a meager account of this subject. 
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Fig. 2 Apex of the heart to show the two vortices. A, superficial bulbo-spiral 

bundle forming the posterior horn of the vortex, which then enters the septum; 

B, superficial sino-spiral bundle forming the anterior horn of the vortex. This 

bundle encircles the right ventricle, including its vortex, in its course to the an- 

terior horn of the left vortex, SLA and SLB, anterior and posterior longitudinal 

sulci. 



Tig. 3 Heart shown in fig. 2 broken open from behind according to MacCallum’s 

method. SS, superficial and deep sino-spiral sheet cut transversely; LRV, the mus- 

cle band from the membranous septum to the right ventricle cut transversely. 

The tendon of the conus, conus part of the aortic septum, is shown on the medial 

side of the conus, X’.. On the posterior side of the aorta the atrio-ventricular bun- 

dle is seen. TR, posterior triangular field extending downward into the raphé. 
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Wolff fail, as well as those of the earlier anatomists. However, 

it appears that Gerdy’s study interpreted this portion of the heart 

wall in a very satisfactory manner, although his work was not 

accepted by Weber. Weber states expressly that Gerdy’s work 

was so poorly presented that it was impossible for him to sepa- 

rate the theoretical from the observations in it. Although Weber 

could not confirm the fleshy fibers which connect the papillary 

muscles of the right and left ventricles they really do exist, as 

has been shown by MacCallum and as I have also frequently 

observed. Furthermore, Gerdy described and pictured nearly 

correctly the strand of muscle fibers which I have called the super- 

ficial bulbo-spiral bundle.2°. This he describes as a bundle 
which crosses upon itself to form a figure 8 a comparison which 

has been applied quite differently by later investigators. Subse- 

quently the ventricle wall including the septum was carefully 

investigated by Ludwig and than by Krehl, whose work comes 
from Ludwig’s laboratory. They constantly kept before their 

minds the heart as a whole, and the function it has to perform 
in contracting. 
A good account of the middle muscular layer of the left 

ventricle is given by Krehl who describes it as a cylindrical band 

of fibers which form loops and do not end at the atrio-ventricular 

ring. Although this circular muscle was recognized by Weber?! 
it is here described anew and is known in the literature as Krehl’s 

Triebwerk. That the fibers of the Triebwerk arise also from the 

atrio-ventricular ring my own studies show. Below a bundle 
extends from it to the apex, as was noted by Krehl.” 

The cylindrical muscular band described by E. H. Weber and 
by Krehl is nothing but the transverse fibers of the left ventricle 

repeatedly described by anatomists during the past two cen- 

turies.> That this layer of fibers can be shelled out of the wall 

20 Although this bundle is not quite correctly given in Gerdy’s fig. 12, it is easily 
seen that he observed it in his specimens. 

21 Weber, l.c., p. 148. Also Ried, Todd’s Cyclopedia of Anatomy and Physiology, 

London, 1836, vol. 2, page 592. 

22 Krehl, l.c., p. 348. 

% These are the spiral fibers of the middle layer according to Borelli and Lower. 

Haller, /.c., states that the transverse fibers of the middle layer go to form the 

septum. 
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of the left ventricle as a basket, or better as a cylinder, for it is 

open at both ends, was first emphasized by Krehl, and just this 

point is what has caused so much diffleculty in our laboratory, 

for according to MacCallum the cylinder easily resolves itself 

into a single sheet or scroll in the foetal pig as well as in the adult 

heart. To explain this apparent contradiction is one of the ob- 

jects of this communication. Before taking up this main point 
it will be necessary to consider briefly the arrangement of the 

muscle fibers at the base of the heart, at the apex, the membra- 

nous septum and, incidentally, the atrio-ventricular bundle. 

Fig. 2 is given to show the arrangement of the superficial 

bundles at the apex of the heart, which shows a vortex under each 

ventricle. A satisfactory analysis of the vortex of the left ven- 

tricle, showing its two horns, is given by Pettigrew.24 He show- 

ed that it is easy to separate the two bundles of muscle entering 
the apex, into anterior and posterior horns, as Haller did, and 

judging by his illustration, one passes to the septum and the 

other to the interior of the left ventricle. This I have been able 

to confirm fully in numerous specimens of human hearts. It 

is not so easily confirmed in the pig’s heart. 

An excellent illustration of the arrangement of the muscle fibers 

at the base of the heart is given by Bonamy, Broca and Beau.” 

My fig. 1 differs from theirs inasmuch as it includes the tendinous 

connection between the pulmonary artery and the aorta with the 

fibers arising from it. Also on the posterior side I show the fibers 

coming out of the septum and passing under those that arise 
from the left fibrous ring; these two sheets are pictured as a single 

sheet in their figure. 
Since the chief muscle bundles of the heart are connected either 

directly or indirectly with the fibrous bands at its base it is neces- 

sary to have a clear understanding of them. ‘These include the 
membranous septum of the ventricles, which is continued into the 

aortic septum. E. H. Weber made it clear that the architecture 

24 Pettigrew, Phil. Trans. London, 1864. This figure is copied in Quain’s 

Anatomy, Tenth Edition, 1892, vol. 2, Fig. 322. 

2 Bonamy, Broca and Beau, Atlas d’Anatomie descriptive, Paris, gives an 

excellent illustration of the apex of the human heart. Toldt (Atlas, Berlin und 

Wien, 1901, Fig. 931) also gives a satisfactory figure. 
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of the musculature of the heart would not be fully understood 
until the muscle bundles of the septum are included in the problem. 
Since Weber’s time the problem has shifted from the study of the 
muscular septem to that of the membraneous septum. The 
English anatomists have been familiar with the membranous 
septum for some time but it was not known to anatomists gener- 
ally until it was rediscovered in Hyrtl’s laboratory.2° This mem- 
brane marks the place at which abnormal openings between the 
two ventricles are most likely to occur, that is, persistence of the 
interventricular foramen of the embryo. However, for a proper 
understanding of the membranous septum it must be extended 
to include the aortic septum. 

That the muscle bundles of the conus form relatively simple 
rings which attach themselves to the root of the aorta has been 
long known. In fact, they arise and end in a raphé or tendon at 
the point of juncture of the pulmonary artery and the aorta, as is 
well shown in figs. 3, 8 and 13.27, When the conus is carefully 
separated from the aorta in a heart which has been boiled for 
several hours in dilute acetic acid or in a heart (preserved in car- 
bolic acid) from which the connective tissue and fat have been 
removed, it is found that these two vessels are firmly blended 
along this tendinous line which when followed enters the mem- 
branous septum. By replacing the right ventricle in figs. 3 and 8 
it is easy to see the connection between the tendon of the conus 
and the membranous septum. It takes but little imagination to 
realize that these two structures are derived from the aortic 
septum of the embryo as has been clearly pointed out by His.?* 
Attention may be called at this point to the muscle bundles which 
end in the membranous septum in figs.3 and 8. Undoubtedly 
they belong to the atrio-ventricular bundle which passes through 
the membranous septum, for in early stages of development this 
bundle passes through the interventricular foramen and becomes 

26 See Hope, A treatise on diseases of the heart, 1849, p. 302; Huschka, Wiener 

med. Wochenschrift, 1855; Reinhard, Virchow’s Archiv, Bd. 12, 1857; and Virchow, 
Ibid, Bd. 13, 1858. 

27 Krehl, U.c., Fig. 1. He has also given a good description of this tendon as the 

tendon of the conus. See also MacCallum. 

28 His, Beitriige zur Anatomie des mensch. Herzens, Leipzig, 1886, p. 8. 
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tied up in the membranous septum as the aortic septum closes 
the foramen. 

A clear understanding of this region of the heart was not ob- 

tained until the subject was investigated embryologically. Then 

the relation of the tendon of the conus became clear, and the mem- 

branous septum received a new meaning, in the study of anomalies 
in the understanding of the atrio-ventricula bundle, as well as of 

the muscle bundles of the ventricles in general. This septum is in 

the center of the heart to which important structures pass; the 

aorta is firmly tied to it and the contracting muscle of the ventricle — 

acts towards it. 

A brief review of the history of our knowledge of the develop- 

ment of the membranous septum is given by His.*° In order to 

explain an anomalous heart Lindes*® studied the development of 

the chick’s heart and discovered that in its separation into right 

and left hearts the single heart tube was divided by three inde- 

pendent septa, namely the septum of the atrium, the septum of 

the ventricle, and the septum of the aorta. Subsequently these 

united as is now well known. The work of Lindes was extended 

by His in a study of the human heart and he found that the aortic 
septum grows from above downward to reach the septum of the 

ventricle and finally closes the interventricular foramen through 

the formation of membranous septum. As Lindes pointed out 
correctly, the aorta arises in the embryo from the right ventricle 

and through the formation of the membranous septum its com- 
munication with the right side is cut off. All this may be seen 

easily in fig. 3 when it is recalled that the points marked X, X.’ 

were in apposition. The figures of His are needed to make this 

point clear.*! 

According to His,®? the heart muscle, which extends over the 

bulb of the aorta in the embryo, must degenerate in part for it 
does not extend correspondingly high in the adult. He divides the 

septum aorticum into three parts: (1) The inter-arterial region or 

29 His, Anatomie mensch. Embryonen, Pt. 3, 1885, S. 178. 

30 Lindes, Inaug. Diss., Dorpat, 1865. 

81 His, Anat. mensch. Embryonen, Figs. 101, sa; 106, sa; 111, sa; and 118, sm. 

32 His, Beitriige, ete. 
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the septum aorticum superius; it consists chiefly of two layers of 

elastic plates with connective tissue between them. (2) A region 

between the aorta and the right ventricle or the septum aorticum 

inferius; it consists of the elastic wall of the aorta, a thin layer of 

the muscle of the conus and a layer of connective tissue. (3) 

The region between the ventricles or the septum membranaceum..** 

Before considering the arrangement of the deeper layers of the 

muscle bundles of the left ventricle it is necessary to describe 

briefly a few of the peculiarities of the superficial bundles. These, 

as has been stated, arise at the base and converge spirally toward 

the apex; those over the right ventricle are in a more transverse 

direction, while those over the left ventricle are more perpendicular 

This is well shown in figs. 5 and 6, and has been well illustrated by 

Wolff in his various papers.** But in addition to the spiral fibers 

which cross the anterior longitudinal sulcus quite transversely 

there is often seen in the posterior longitudinal sulcus a bundle 

which runs perpendicularly towards the apex and appears to be 

better marked in the heart of the new-born child than in the adult. 

This bundle is well pictured in Wolff’s paper * as well as in Henle’s 

Anatomy,** and as it is constant, it need not be considered a 

variation but should be included in the description of the superfi- 

cial bundles of the posterior side of the heart, which here have a 

downward tendency often forming bundles as they approach the 
apex.?? 

In addition to the bundle just described a small thin superficial 

sheet is occasionally seen over the middle of the right ventricle 

near the base of the heart. This is also better seen in the hearts of 

33 Figures illustrating the membranous septum may be found in His, l.c.; Quain’s 

Anatomy, figs. 310 and 317; Toldt’s Atlas, fig. 929; Spalteholz’s Atlas, fig. 420; and 

Piersol’s Anatomy, fig. 660. 

34 See also Bourgery, Traité Complet de l’Anatomie de l’Homme, Paris, 1836, 

Tome 4, Pl. 10; Bonamy, Broca et Beau, l.c., Tome 2, Pl. 4; Quain’s Anatomy, l.c., 

vol. 2, fig. 320; Toldt’s Atlas, l.c., figs. 929 and 930; Henle, l.c., vol. 3, fig. 39; as 

well as elsewhere. 

3 Wolff, J.c., Tome 2, Tab. 6. 

36 Henle, l.c., fig. 39. Also Toldt, fig. 930. 

37 Weber, l.c., p. 145, denies the existence of a fasciculus in the posterior longi- 

tudinal sulcus. 
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young children as is pictured by Henle.** I mention this as a 

variation in the human heart, but it is certainly constant in the 

pig’s heart and caused MacCallum much difficulty in studying the 

heart musculature. It may be that more careful examination of 
this sheet will show that it is present on all hearts, for our present 

method of cleaning off the epicardium might easily destroy it. 
The longitudinal bundle of Wolff lying in the posterior longitu- 

dinal sulcus is certainly present in most young hearts and it does 

not interfere materially with the study of the outer spiral muscle 

bundles for it les upon them. However, Weber observed that 

although superifical bundles entered the septum both through the 

anterior and the posterior longitudinal sulci, the penetrating fibers 

were much more marked along the former than the latter. It is 

quite easy to strip off the superficial bundles over the posterior 

sulcus but not over the anterior, for here the sperficial bundles 

enter the septum while behind they pass over it. This arrange- 

ment was encountered by MacCallum in dissecting the macer- 

ated heart of the foetal pig when he attempted to strip off the 

superficial bundles with a blunt probe. He then found that it was 

easy to lift off the superficial layer of muscle bundles over the back 

of the heart but not over the front. These bundles having been 

cut, he further found that the deeper fibers all entered the septum 

which when broken open permitted him to unroll the musculature 

of the left ventricle as a scroll. Through MacCallum’s method of 

dissection, which Bourgery*® had almost invented, it is possible 
to unravel the musculature of both ventricles in a satisfactory 

manner, that is, the same result is obtained in all specimens.?° 

The chief bundles of the superficial fibers all arise from the 
tendinous rings and membranes at the base of the heart, especi- 

ally those around the aorta, as may be seen in fig. 1. After the 

superficial layers have been removed it is seen that the deeper 

bundles stream towards the aorta more markedly than the super- 

88 Henle, I.c., fig. 39, B.* 

89 Bourgery, l.c., Tome 4, Pl. 10 b, fig. 5. 

40 Searle, Todd’s Cyclopxdia of Anatomy, vol. 2, describes a similar unrolling 

and gives excellent illustrations of specimens made in this way in his figs. 278 to 

282. The chief circular band he calls the rope, for when unrolled it appears like 

a twisted rope. 
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ficial. The ligaments that attach themselves to the aorta are the 

aortic septum, the valves as well as two fibrous rings, one of which 

encircles the right ostium venosum and the other the left. The 

bicuspid and tricuspid valves are attached partly to the fibrous 

rings and partly to the septum aorticum. Throughthem the papil- 

lary muscles are attached to the tendinous structure in the base 

of the heart. These all tend to the tie firmly the muscle bundles 

to the aorta, towards which they force the blood in contracting, 

and were it not so the force of contraction might ‘‘shoot the aorta 

out of the heart.’”’ The two rings encircling the ostia venosa unite 

over the septum of the ventricle into a single band and continue 

into the membranous septum. Here they form the posterior 

fibrous triangle, which is very pronounced in the pig. So it may 

be seen that the aorta is held in place by three ligaments all of 

which are extensions of the septum aorticum. They correspond 

to the three semilunar valves of the aorta and also mark the tri- 

gona fibrosa of the B N A. 

I shall describe them (1) as the posterior one which is an exten- 

sion of the membranous septum backward between the venous os- 

tia. It forms the posterior fibrous triangle and to it are attached 

the medial cusp of the tricuspid valve and the anterior cusp of the 

bicuspid valve.” At the point of attachment of this ligament to 

the aorta the atrio-ventricular bundle of His perforates the mem- 

branous septum to enter the left ventricle. This igament expands 

into that portion of the wall of the aorta which lies opposite the 

posterior semilunar valve.* (2) The left ligament‘! marks the 

fibrous triangle to the left of the aorta opposite the left leaflet of 

the semilunar valve immediately below the left coronoary artery. 

The left ligament appears to have nothing to do with the aortic 

septum. The left fibrous ring to which the bicuspid valve is 

attached arises from left and the posterior ligaments of the aorta. 

(3) The right ligament encircles the right side of the aorta opposite 

the right cusp of the aortic valve below the right coronary artery. 

41 Poirier and Charpy, Tome 2, fig. 360, nodule droit. 

42 See Spalteholz’s Atlas, 1896, fig. 419. 

43 Note that the B N A as used for this valve, improperly called the right semi- 

lunar value by English anatomists. 

44 Nodule gauche. 
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It is formed largely by His’ septum aorticum superius or Krehl’s 

tendon of the conus. It is shown in fig. 3, X, X’, and fig. 8. 

The muscle bundles of the conus as well as the bulbo-spiral band 

arise from this hgament. The right ligament which is much better 

marked in the pig and dog than in man sends a delicate lateral 

branch around the right venous ostium to form the anterior seg- 
ment of the right fibrous ring. 'To sum up, the aorta is tied to 

the heart muscle by three ligaments, as well as through the valves 

to the papillary muscles. Two of these ligaments, the right and. 

the posterior, are derived directly from the membranous and 

aortic septa, while the third, the left, seems to be independent of 

them, encircles the heart to the left, and marks the line of separa- 

tion between the origin of the bulbo-spiral and sino-spiral muscu- 
lar bands. 

The superficial fibers of the heart, all of which arise from the 

tendinous structures at the base (septum aorticum and its exten- 

sions), pass spirally towards the apex of the heart to form the 

great vortex there. Above they form a thinner layer than below; 

as they approach the apex the fibers must either diminish in num- 

ber or they must form a thicker layer. Probably both conditions 

prevail for fiber bundles are constantly leaving the superficial 
layer to pass into the depth, but transverse sections as well as 
dissections show that the main superficial fiber bundles gradually 

become piled upon one another as the apex is approached until 
they finally form the whole thickness of the heart wall at this point 

In other words there are no circular fibers in the apex. 

At the vortex all of the fibers penetrate the heart to form the 
inner layer of the heart muscle of the left ventricle, as is well 

known. Here they spread upward and finally are attached again 

at the fibrous bands from which they arise. However, in general 

a bundle which arises at a given portion of the heart on the outside 

returns to the opposite side of the ventricle on the inside. Thus, 

bundles arising from the septum aorticum in front of the heart on 
the outside, the bulbo-spiral bundle, and posterior to the aorta on 

“> The tendinous bands just described are well illustrated in Toldt’s Atlas, 

fig. 932. ; 
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the inside. The sino-spiral bundle arises on the posterior surface 

of the heart on the outside forms the anterior horn of the vortex 

and ends largely on the anterior side of the heart on the inside. 

The two horns of the vortex are constant in human hearts and 

through them it is possible to divide all of the superficial fibers 

into two distinct groups, for all of the fibers stream either to one 

horn or to the other. By cutting the superficial fibers which cross 

the posterior longitudinal sulcus it is seen that the right ventricle 

is easily broken from the left. It is clear, by comparing figs. 2 and 

3, that all of the fibers that encircle the right ventricle help to- 

make its vortex and then enter the anterior horn of the vortex of 

the left ventricle.‘* In separating the right heart from the left it is 

well to keep the break as near to the right ventricle as possible 

and in so doing it is soon observed that a large bundle crosses the 
septum passing from the aorta to the median wall of the right 

ventricle. This bundle is shown in fig. 3, L R V, and is the one 

described and pictured by MacCallum as ‘‘a band of muscle from 

the right ventricle ending in the left atrio-ventricular ring.’’ Ac- 

cording to MacCallum it must be cut in order to unroll completely 

the left ventricular wall of the foetal pig. This bundle has also 

been observed by MacCallum in the heart of a child and repeatedly 

by Knower 47 in the adult heart. No doubt it is this bundle that 

Senac‘* described a century and a half ago and which has been iden- 
tified repeatedly since. According to E. H. Weber*® the medial 

wall of the right ventricle is thinner than that of the left ventricle 

at the same point. The fibers are parallel to the long axis of the 

heart, and immediately below them are the circular fibers of the 

46 Although this point is brought out by MacCallum’s method of dissection, 

MacCallum did not demonstrate it because he studied the hearts of foetal pigs 

which had been well macerated in a nitric acid and glycerine solution. This treat- 

ment injures the delicate arrangement of the muscle bundles and only the coarser 

bands remain. Moreover in the pig’s heart the muscle bundles at the apex are 

more intimately blended than in man, which explains why my description of the 

apex of the human heart does not correspond with MacCallum’s. See Mac- 

Callum’s diagrams. 

47 Knower, Anatom. Record, vol. 2, p. 204. 

48 Senac, Tratié du Coeur, Paris, 1849. 

49 Weber, l.c., p. 150. 
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Fig.5 Right side of alarge hypertrophied heart. Figs. 5 to 12 are from the same 

specimen. BS, superficial bulbo-spiral band; SS, superficial sino-spiral band. 

Corresponding bundles in the figures of this heart are marked A, B, C, D, and E, 

respectively. For the sake of clearness bundles A, B, and C, are drawn with a 

smooth surface. 
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left ventricle.*’ It is this bundle which Ludwig*! describes as 

arising from the border between the septum and aorta and from 
the free border of the papillary muscle of the right ventricle. It 

continues forward and downward to the anterior surface of the 

apex of the heart where it enters the septum along the anterior 

longitudinal sulcus by the way of the vortex. Probably the best 

description is by MacCallum, who isolated this bundle by his 

method of dissection. It is clearly shown in fig. 3 and its distri- 

bution over the inner wall of the right ventricle is shown in fig. 

15. Here it is seen to blend with the sino-spiral bundle in the 

anterior horn of the vortex and is ultimately lost in the papillary 

muscles of the left ventricle. It therefore belongs to the interven- 

tricular bands of Gerdy and MacCallum. 

By cutting this bundle the septum may be split completely as 

fig. 3 shows. The conus is next separated from the aorta and its 

tendon, to demonstrate the septum aorticum. From here super- 
ficial fibers encircle the heart; these are indicated by the cut sur- 

face in fig. 4, A. In fig. 3 the fibers of the horns of the vortex have 

been separated which can easily be done with the fingers or with 
the handle of a scalpel. Those from the anterior horn of the vortex 

have an inward tendency, while those from the posterior horn 

course towards the septum and come to cross the others at right 
angles as shown in fig. 4. In separating the two horns of the 
vortex it isfound that the cavity of the left ventricle issoon reached 

and in order to reach it most easily it is well to have a probe passed 

into the heart to its apex where it can easily be felt from the out- 

side. At this point the walls of the left ventricle are thinnest, in 

proportion to the diameter of the lumen as Weber has pointed 

out.®? 

So far it is quite easy to unroll human hearts with constant 
results, but when it comes to a study of the deeper layers of the 

50 This bundle is shown in Gerdy’s diagram, fig. 12.- 

51 Ludwig, l.c., p. 199. 

52 Weber, l.c., p. 144, says that this thin area is not remarkable because in differ- 

ent animals the heart thickness is in proportion to the diameter of the lumen, so as 
the lumen varies in different portions of the heart the wall varies correspond- 

ingly. Now we say ‘functional adaptation.” 
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Fig.6 Anterior surface of the heart, fig. 5, to show the arrangement of the fibers 
over the right ventricle. BS, bulbo-spiral band. X, the line across bundle C 
shows the position of the cut surface X in fig. 8. 
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left ventricle it is not so easy to convince one’s self regarding a 

constant arrangement. Furthermore, it is difficult to describe the 

arrangement of the muscle bundles clearly, which in turn makes 

the literature difficult to understand. 
The immediate connections of the two horns of the vortex of the 

left ventricle can be given with precision and in order to make 

them clear I have had a number of figures (5 to 12), drawn from 

the same heart. The views given in figs. 2, 3 and4 have been omit- 

ted but in general they correspond so closely with them that it. 

is unnecessary. In figs. 5, 6 and 7 the superficial muscle bundles 

which form the superficial bulbo-spiral band which enters the apex 

of the heart through the posterior horn of the vortex are drawn 

with a smooth surface and the several bundles in different draw- 

ings are marked with the same letters, A, B and C, in order that it 

is possible to identify them in the different figures. The most 

posterior sheet, that which arises from the tendinous ring around 

the left venous ostium, is marked A, that which arises from the 

side of the aorta, B, and that which arises from the septum aor- 

ticum (or the conus) C. Those marked D and EF belong to the 

superficial sino-spiral band and enter the anterior horn of the 

vortex. It is seen by comparing figs. 2 and 7 that the apex is 

formed entirely by the anterior horn of the vortex and that the 

posterior horn encircles the apex. This is shown in an exagger- 

ated way in MacCallum’s account of the foetal pig’s heart.** The 

locking of the two horns of the vortex is shown at C and D in fig. 7. 

Here they are blended completely but they may easily be separ- 

ated by running a probe into the left ventricle. Specimens made 

in this way show a general tendency of all of the fibers of one horn 

to run at right angles to those of the other. The bundle marked 

C arises from the septum aorticum superior ** which is much more 

pronounced in the dog and pig than in man. The line drawn on 

this bundle in fig. 6, X, shows the position of the cut surface, X 

in fig. 8. 

53 MacCallum, l.c., fig. 16. Alsu in Piersol’s Anatomy, fig. 665 and in Morris- 

MeMurrich’s Anatomy, fig. 383. Most of MacCallum’s figures are reproduced in 

the latter work. 

54 Tendon of the conus, MacCallum; tendinous band between the pulmonary ar- 

tery and aorta, Krehl. 
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IV SS 
Fig. 7 Posterior view, somewhat to the left, after the superficial sino-spiral 

band has been removed to the posterior longitudinal sulcus. The deep bulbo- 

spiral band, BS’, enters the septum, above the superficial bulbo-spiral band, BS; 

CLV, circular muscle band of the left venous ostium; 7'R, posterior triangular 

field; IV, interventricular bands. 



238 FRANKLIN P. MALL 

The remainder of the surface fibers, the sino-spiral band, arises 

from the posterior borders of the venous ostia, converge towards 

the apex to form the anterior horn of the vortex. In general, the 

fibers that arise from the arterial side of the heart, the bulbus of 

the embryo, pass to the posterior horn of the vortex, while those 

from the venous side of the heart form the anterior horn. It may 

be that this arrangement of the fibers is due to the bending of the 

heart in development; His thinks that it may be associated with 

the formation of the inferior septum. At any rate since all of the 

fibers that arise on one side of theheart enter the apex at the other, 

and vice versa, their course must be spirally around the heart 

which proves to be the case. 

To follow the bundles which arise from the septum aorticum 

around the heart through the posterior limb of the vortex into the 

apex and through the septum to their ends is not altogether easy. 

This has been the great difficulty in the study of the architecture 

of the musculature of the heart, and it will not be solved to the 

satisfaction of all anatomists until the development of the bundles 

is known. At present it is difficult to rest what I have found upon 
an embryological basis for the main part of the story is run through 

by the time the embryo is 12 to 15 mm. long, and such hearts can 

not be dissected. Nor can the course of the muscle fibers be fol- 

lowed with any degree of certainty through the study of serial 

sections.°° 
It is apparent that the bulbo-spiral was well known to Gerdy 

who attempted to picture it.°°> Gerdy also observed that the walls 

of both ventricles are formed by aseries of loops which are attached 

to the tendinous rings at the base of the heart; they become larger 

as they extend towards the apex of the heart, and successively 

fall into one another. The loop which reaches to the apex, the 

bulbo-spiral, forms a double loop in passing through the septum, 

and thereby is converted from a single loop into an 8-like figure. 

Although Gerdy’s illustrations are crude and his description is 

6 His says, l.c., p. 177, that the fibers must develop from left to right along the 

anterior longitudinal sulcus and from right to left along the posterior longitudi- 

nal sulcus. 
56 Gerdy, l.c., fig. 12. 
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by no means clear, it is evident, that he recognized the main 

groups of muscle bundles of the heart, for he studied the muscle 
bundles of the whole heart, including those of the septum. 

The long muscle bundles around the left ventricle, those form- 

ing the figure 8 according to Gerdy, were better described and 

illustrated by Ludwig in his well-known study. However, 

Ludwig’s figure 8 is not open above like Gerdy’s, who con- 

nected one limb of the double loop with the tendinous structures 

at the base of the left ventricle and the other to the base of the 

right. According to Ludwig,*? the loops forming a figure 8 are — 

confined to one ventricle. The course of the fibers which arise 

externally at the base of the ventricle encircles the apexand returns 

on the inside of the heart to be attached at the base again. Those 

that arise deeper encircle the heart midway between the apex and 

the base and end again at the base; they form acomplete figure 8. 

In general, I find this description of the main muscle bundles 

of the walls of the ventricles the most nearly correct, although his 

schema is not accepted by Krehl.** In Krehl’s publication a 

band of muscle is described which is not attached to the tendinous 

structure at the base of the heart, but instead makes a complete 

circle and ends in itself. That this cannot be correct is evident 

from Krehl’s own description®? when he says that the direction of 

the course of the fibers of this layer is practically the same as the 

rest of the fibers of the wall of the ventricle. In the circular layers 

(Triebwerk) the fibers on the outside run from above downward 

from left to right and on the inside in the opposite direction. While 

many may see in Krehl’s description a contradiction to Ludwig’s 

original description, I see in it only a confirmation. Where Krehl 

erred was in saying that the fibers in his circular layer do not arise 

nor end in tendons as do the outer and inner muscle layers of 

the heart. Since MacCallum succeeded in unrolling the wall of 

the left ventricle into a single sheet of muscle showing that it 
must form a scroll, it has been difficult for us to account for Krehl’s 

statement regarding a middle muscle band in the wall of the left 

57 Ludwig, l.c., fig. 8. 

68 The work of Krehl was done in Ludwig’s laboratory and received his approval. 

59 Krehl, l.c., pp. 347, 349, and figs. 9, 10. 
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Fig. 9 Deep bulbo-spiral band drawn in the outline of fig. 8. O, origin of the 
fibers on the opposite side of the ventricle. 
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ventricle, which ends in itself. My own dissections of the mus- 

cle wall of the left ventricle, as well as MacCallum’s, show that 

all of the muscle bands arise in tendons either at the base of the 

heart or in the papillary muscles which in turn are attached to 

the tendon of the base through the valves. 

Returning now to the two main muscle bands which form the 

horns of the vortex, it is found by separating them that the cavity 

of the left ventricle is opened, as shown in fig. 4. This figure shows 

that where the two main bundles lock there is a third bundle— _ 

the so-called circular fibers of the heart. In order to separate the 

bundles at this point it is necessary to remove this third layer 

which is shown in fig. 7, BS’, as arising from the left side of the 

left ostium and then passes into the septum through the posterior 

longitudinal sulcus. It forms the deep bulbo-spiral band. In 

fig. 8 a piece of the deep bulbo-spiral band, BS”, is cut out to show 

the course of the superficial bulbo-spiral band, BS, as it passes 

through the septum. In studying this figure it is to be remembered 

that the cut edge of the bundle marked X does not belong to the 

deep bulbo-spiral bundle but to the superficial bulbo-spiral which 

passes around the heart and enters at the apex. The position of 

this cut is shown by the straight line X in fig. 6. It is also to be 
observed that the deep bulbo-spiral band passes under the longi- 

tudinal bundle of the right ventricle (figs. 8 and 9, LRV, which 

arises from the aortic septum just below the medial cusp of the 
tricuspid valve. 

The superficial layer of the deep bulbo-spiral band is shown in 

fig. 9. The view is exactly the same as in fig. 8 with part of the 

origin of the longitudinal bundle, LRV, from the aorta to the 

right ventricle removed. It is also noticed in fig. 9 that the bundle 

arises on the opposite side of the aorta marked as a cut end, O, 
in the figure (See also fig. 10, BS’). The course of the fibers is 
also given which reminds us somewhat of Krehl’s figures. 

In fig. 10 the large flap of muscle which is turned back is the 
portion of the bulbo-spiral band marked A and B in figs. 5-7. It 
encircles the apex in fig. 10, enters the septum, fig. 8, and passes 

below the deep bulbo-spiral band, figs. 8, 10 and 12. 



Fig. 10 Same view as fig. 5 with 

the superficial bulbo-spiral band 

thrown back and the deep bulbo- 

spiral band removed entirely. The 

origin of these two bundles is 

shown, BS, and BS’, at the base 

of the heart; C, a strand of the 

bulbo-spiral band not turned 

back; LRV, longitudinal bundle 

of theright ventricle. The course 

of the bulbo-spiral band is marked, 

BS; it ends at X. 
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The deep bulbo-spiral band having been removed the continua- 

tion of the superficial band below is revealed. This now encircles 

the heart and ends below and behind the aorta in the aortic 

septum as shown in figs. 8, 10, 12, X. Fig. 11 shows the deep bulbo- 

spiral band drawn upon the outline of fig. 10.°° The older 

authors recognized this cylinder of circular fibers around which the 

superficial and deep fibers are wrapped to form the vortex. This 

arrangement may be seen by superposing figs. 10 and 11 as well 

asin fig. 12. Krehl also recognized that the deep bulbo-spiral band 

was intimately connected with fibers from the apex, for he states 

expressly that not only fibers from the outer and inner layers but 
also numerous fibers from the circular layer pass to the apex of 

the heart. His description of the circular bands is by no means 

consistent for he describes it as a cylinder, as a cylinder with fibers 

going to the apex, and pictures it as a basket entirely closed below. 

These variations are due entirely to the thickness he gives to this 

layer. 

Coming back now to the superficial bulbo-spiral band, it is seen 
that it enters the apex and passes below the deep bulbo-spiral 

band, blends with it to encircle the left ventricle and with a general 

upward tendency ends in the septum aorticum below and behind 

the aorta. That is these fibers make nearly a double circle around 

the heart to form the figure 8 of Gerdy and Ludwig. The lower 

loop of the 8 encircles the apex and the upper loop lies within the 

deep bulbo-spiral band. It is also clear that my figure 8 is not 

closed above, just as Gerdy described it, and that its two free 

ends are attached to the septum aorticum on the two sides of the 
aorta. 

In my description I have included with the deep bulbo-spiral 

band those circular fibers which pass through the septum as a sin- 

gle bundle, fig. 12, BS’, between the superficial bulbo-spiral bundle 
BS, the sino-spiral bundle, SS, and the longitudinal bundle of the 

right ventricle, LRV. Two views of the deep bulbo-spiral band are 

shown in figs. 9 and 11. It is noticed at once that the course of the 

6° This cylinder of fibers was well known to Winslow, Wolff and Weber (Weber, 

l.c., pp. 151, 152) and had recently been described anew by Krehl. 
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Fig. 11 The deep bulbo-spiral band which was removed from the specimen 

shown in fig. 10. The view is the same. 0, origin of the fibers which are shown 

out in fig. 10, BS’. 
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fibers is not circular but in general inclines externally towards the 

superficial fibers of the heart and internally towards those under 

the endocardium.® Within the septum they have a transverse direc- 

tion on the outside and within they have a general upward tend- 

ency as shown in figs. 9 and 11. It is further observed that the 

fibers of the deep bulbo-spiral band arise at the base of the heart 
immediately below the origin of the superficial band which passes 

from the same point to the vortex. This is shown in fig. 10, BS, 

and BS’, which gives this band as an extension of the longitu- 

dinal band of the right ventricle, LRV. The entire course of the - 
deep bulbo-spiral band is shown in fig. 11. The band as a whole 

shows the fibers turning upon themselves on the apical side, 

then becoming circular and blending with the superficial bulbo- 

spiral band as it comes up from the septum as shown in figs. 10 and 

11. The point of separation between these two bands marks the 
place where the muscle fibers of the left ventricle are most nearly 

circular. Within the septum, fig. 12, X, this is not the case, as here 
the end of the superficial bulbo-spiral band passes toward the 

root of the aorta to which it is attached. 

It is quite easy to see that Krehl’s Triebwerk, as pictured in 

his figs. 9 and 10, includes not only the deep bulbo-spiral band but 

also many of the fibers of the superficial which enter the heart 
through its apex. His figures show that the fibers arise evenly 

all around the tendon of the venous ostium, a condition which I 

can not verify. They arise only on the left side of the aorta and 

the ostium venosum. fig. 10, and as they pass the septum are 

entirely free from tendinous connections with the base of the heart 

as fig. 11 shows. In fact this separation from the base is well 
marked in the embryo and can easily be seen in serial sections. 

As figs. 8 and 9 show, the circular bands form quite a promi- 

nence below the opening of the aorta just above the septum. This 
prominence is much better marked in the heart of the pig and ox, 

so much so that it is very noticeable below the right semilunar 

*t The gradual change of the course of the fibers in passing through the heart 

wall is from longitudinal to transverse, then to longitudinal again. This is well 

shown in Gerdy’s diagram which may be seen in Todd’s Cyclopedia, vol. 2, fig. 

271. See also my schema A. 
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valve of the aorta. In fact the floor of this valve is fleshy, unlike 

that of the human. 

It is also noticed in the pig’s heart that many of the circular 

bands do not pass through the fleshy septum but are attached to the 

posterior ligament of the aorta and therefore do not make a com- 

plete circle. This bundle is shown cut off under the thumb of the 

left hand in fig. 19. In fact, there is a kind of raphé at this point 

in the pig’s heart which reaches through the heart wall to the base 

of the posterior papillary muscle, and in a measure forms a break in 

the main circular bands. This is noted to call especial attention to 

a similar but much smaller group of muscle bundles around the left 

ostium in the human heart. Its attachment is to the posterior 

ligament of the aorta as shown in figs. 3, TR, and 8, TR. The 

circular bundles extending partly around the left ostium have been 

well pictured by MacCallum for the pig where they are very pro- 

nounced.” 

The extent of the deep bulbo-spiral band varies very much in 

different hearts. In the new-born and in young children this 

band is very insignificant which indicates that during growth it 

must enlarge faster than the other heart muscle bundles. It also 

raries In size in the adult heart. Figs. 5 to 12 are taken from an 

hypertrophied heart which shows the circular bands markedly 

thickened. On the other hand in a dilated heart with thin walls 

itis barely present as fig. 13 shows. To show further variations 

I add an illustration of a well-developed small heart in fig. 14. 

Here the deep bulbo-spiral band is unusually well-developed, 

in fact as well as in the hypertrophied heart shown in figs. 5 to 12. 

To show the course of the chief muscle strands of the ventricles 

of the heart, Schema B. is given. The bulbo-spiral bands are in 
red and the sino-spiral in blue. The superficial bulbo-spiral band 

reaches to the apex of the heart and there enters the septum; 

a layer somewhat deeper encircles the apex, while the middle 

layer, the deep bulbo-spiral, encircles the ventricle and ends with 

® MacCallum, l.c., fig. 20. MacCallum also finds that the deep bulbo-spiral 

band arises not only from the aortic septum but also from the tendon of the right 

ostium venosum. Such an extension of the origin of this bundle beyond the aortic 

septum does not exist either in the pig or in man. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 3. 
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Schema B. The chief muscle bundles which have been described are given. The 

bulbo-spiral group of fibers are in red and the sino-spiral in blue. The bundles 

immediately around the left ostium and the conus form single loops which attach 

themselves to the aortic septum. All other bundles may be considered modifica- 

tions of these two simple loops. 
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Fig. 12 Dissection of the septum viewed from the right side. CO, conus; BS 

and BS’, superficial and deep bulbo-spiral bands which end at X; LRV, longitud- 

inal band of the right ventricle; 7, posterior triangular field; SS, sino-spiral 

band passing under fasciculus C of the superficial bulbo-spiral band; D, layer D 

of fig. 5 which is blended with the interpapillary layer, /V. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, NO. 3 
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the superficial band on the dorsal side of the aorta. The small 

circular band ends in the posterior triangular field. The sino- 

spiral bundle encircles the right ventricle and blends with the 

longitudinal band of the right ventricle to form the anterior horn 

of the vortex before entering the left ventricle. Here they end 

partly in the papillary muscles. Other single loops encircle the 

conus and are attached to the aortic septum, or tendon of the 

conus. 
While most anatomists state that all of the muscle bundles of 

the left ventricle form loops or V-shaped bundles which are | 

attached to tendons at the base of the heart, this has been denied 

from time to time. Occasionally I have also found a bundle which 

seems to turn upon itself at the base of the heart as shown in fig. 

14. It is noticed in this figure that a large bundle les midway 

between the superficial bulbo-spiral and the deep bulbo-spiral band, 

passes diagonally through the septum to the base and then turns 

downward. It then encircles the base, blends with the deep bulbo- 

spiral band and ends at the dorsal side of the aorta in its posterior 

ligament. No such bundle is seen in figs. 8 nor 13. But it is quite 

easy by comparing figs. 8 and 10 to imagine a portion of the super- 

ficial bulbo-spiral band separated during part of its course to form 

the variation seen in fig. 14. Beside this one example I have not 

found any bundles which might be considered as forming V- 

shaped loops pointing away from the apex and towards the base 

in the left ventricle. But since the loops entering through the 

apex, as well as the main circular bands, pass nearly twice around 

the heart before they end, many variations must occur, and by a 

stretch of the imagination they may be found in every specimen. 

The two muscle strands which cover almost the entire exterior 

of the heart and enter at the vortex are finally distributed over the 

interior of the left ventricle as well as to the papillary muscles. 

All ultimately end at the atrio-ventricular ring. A complete 

separation of these bands under the endocardium as they are 

separated under the epicardium is hardly possible. However, 

with some reserve a statement may be made regarding their 

distribution within the left ventricle. 
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The superficial bulbo-spiral band, arising from the conus and 
entering through the posterior horn of the vortex, passes up the 

septum and blends with the deep bulbo-spiral band. In some spec- 
imens they attach themselves at once to the aorta, as shown in 
fig.13. Inthis specimen the circular bundle around the left venous 

ostium is unusually poorly developed. In other hearts, as in figs. 

8 and 14, practically no attachment to the aorta is made at once 
but all of the bands encircle the ventricle again and are finally 
attached to the posterior ligament of the aorta. This is shown in 

figs. 8 and 10 as well as in fig. 14. From this description it follows’ 

that the bulbo-spiral band distributes itself within the left ven- 
tricle chiefly on its posterior side. That is, it arises on the anterior 

side of the heart, externally passes once-and-a-half times around 

the heart and ends on its posterior side internally. 

The sino-spiral bundles, arising at the ostium behind and pass- 

ing over the right ventricle to enter the left vortex through its 

anterior horn, are reénforced by a thick band of muscles from the 

interior of the right ventricle and pass at once to both papillary 

muscles of the left ventricle which seem to be composed almost 

entirely by them. Many fibers pass the bases of these muscles 

and extend upward to end in the anterior side of the fibrous ring 
of the left venous ostium. In general, they line the anterior side 

of the left ventricle and also end in both papillary muscles." 
This brings us to the interventricular bands. They were 

already known to Gerdy whose description of the heart muscu- 
lature has stood the test of time. Since E. H. Weber denied 
absolutely the existence of these bundles they were not taken 
seriously by anatomists until they were rediscovered and well 

described by MacCallum. 
Fig. 2 shows a strand of muscle fibers, C, passing from the 

vortex of the right ventricle to the apex of the left ventricle where 

6 In the pig MacCallum associated the sino-spiral bundle exclusively with the 

anterior papillary muscles and the bulbo-spiral with the posterior papillary muscle. 

However, this is correct only to a certain extent, for in man the posterior papillary 

muscle is associated with both spiral bands. This arrangement is necessary in 

order to unroll the ventricle of the pig into a sheet, as MacCallum did. 

64 Weber, l.c., p. 1538. 
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Fig. 16 Pig’s heart cut open on its left sideand then boiled after which the papil- 
lary muscles were torn out. A and P, anterior and posterior papillary muscles. A 

muscle band from the right ventricle passes between them. The bundle X belongs 
to the anterior papillary muscle. 

it enters at the locking point of the two horns of its vortex. If 

now the strands of the anterior horn of the vortex of the left ven- 

tricle are cut as they pass over the posterior longitudinal sulcus, 

SLIP, the interventricular strands are brought to light deep in the 
septum as is well shown in figs. 3 and 8. By cutting through all 
the muscle which connects the two ventricles in fig. 8, fig. 12 is 

obtained. Here it is clearly seen that the interventricular bands, 
IV, lie nearest the lumen of the ventricle, while the bulbo-spiral 

bundle, C, and that forming the anterior horn of the vortex, D, 
lie more superficially. The connection of the interventricular 

strands is shown in fig. 15; this is from a distended heart which has 

been macerated and fully dissected. It is seen that the inter- 

papillary bands also extend upward in the right ventricle to end 
in the membranous septum. 

Although the muscle strands are more intimately blended with 
one another at the apex of the heart of the pig than in man, it has 

been easier for me to follow the attachments of the papillary 
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muscles in the former than in the latter. Possibly this has been 

the case on account of an abundance of pig’s hearts. It is seen 

by unrolling the left ventricle of the pig’s heart that the chief 

circular bands which arise from the bulbus fall into three distinct 

bands which are easily separated from one another. The first 

is the single circular band around the left ostium, and the second 

and third are the spiral bands which enter the septum. The 

superficial bulbo-spiral band instead of encircling the left ventri- 

cle as it does in man divides into two bands (figs. 19 and 20); one 

is attached to the anterior tendon of the aorta, BS, Post, while ~ 

the other encircles the anterior papillary muscle and is ultimately 

attached to the posterior ligament of the aorta, BS, Ant, In doing 

this the anterior superficial bulbo-spiral band, BS, Ant, passes 

within the walls of the ventricle, between the anterior and the 

posterior papillary muscles. In order to show this relation better 

fig. 16 is given. In the specimen from which this figure was made 

the left ventricle was cut open on its left side before the heart was 

boiled in dilute acetic acid. Then the papillary muscles were 

broken apart; the specimen shows clearly that the posterior 

muscle sends its fibers over the right ventricle, and the fibers 

from the anterior papillary muscles pass out of the apex of the 

heart on the medial side of the right ventricle. The strand 

marked 2 in fig 16 belongs to the anterior papillary muscle. Be- 

tween the strands which enter the papillary muscles there is a 

third which passes from the right ventricle to the left and blends 

with the anterior bundle of the superficial bulbo-spiral band. By 

this arrangement it is easily seen that the anterior papillary 

muscle is intimately connected with the sino-spiral band and the 

posterior partly with the bulbo-spiral butmostly with the muscle 

bundles from the right ventricle both on its lateral and medial 

sides. This arrangement is well shown in figs. 16 and 18. In 

fig. 18 it is further seen that the roots of the posterior papillary 

muscle not only reach outside of the heart through the bulbo- 

spiral band to the aorta but also on the medial side of the right 

ventricle through the longitudinal bundles of the right ventricle 

to the membranous septum. On its posterior side it is intimately 

attached to the circular bands by the way of a raphé which is not 
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well marked in the human heart, but is indicated in figs. 3 and 
8 (tip of 7R) and is very pronounced in the pig. At this point 
the fibers from the posterior papillary muscles are so intimately 

blended with the deep bulbo-spiral band that often in peeling 

off this band it breaks at the raphé and leaves the large circular 
band around the left ostium as described by MacCallum and 

pictured in figs. 19 and 20, BS’. If this bundle, as shown in 
fig. 20, is pushed downward its cut end will come in contact with 
the base of the posterior papillary muscle to which it was inti- 

mately attached. 

What has just been said shows that the papillary muscles are 

in direct continuation with all of the chief muscle bands of the 

heart and the attachment of the atrio-ventricular system to them 
gives meaning to this. An impulse or a wave coming through 
the bundle of His is at once communicated to the entire muscula- 

ture of the ventricles. 

In studying the musculature of the ventricles of the heart 

one’s attention is directed mostly towards that of the left ven- 

tricle, and there is a tendency to neglect the right ventricle be- 

cause it appears to be of simple construction. On the right side 

the inner muscle bundles are directed towards the conus as they 
are towards the aorta on the left side. 

In tearing off the muscle bundles from any portion of the ven- 

tricle it is at once observed that the fibers always tend to pass 

upwards, towards the base, as they are stripped off. That is, 

they are constantly passing into the depth. Over the right 
ventricle this is so marked that when bundle after bundle is 
lifted up they are found to lie upon one another like the shingles 

of a roof with the deeper longitudinal muscle bands below serving 

as rafters (compare figs. 6 and 15). 
The superficial muscle bundles, the superficial sino-spiral, 

come mostly from the left side of the heart, pass over the right 

ventricle quite freely and then back to the left ventricle. Just 

below this is a sheet which arises from the posterior part of the 

left ostium and enters the right ventricle to end there. This, 
the deep sino-spiral, is the sheet so well described by MacCallum. 
When these two sheets are examined together it is seen that fiber 
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Fig. 18 Outer half of specimen shown in fig. 17 cut off and superposed upon the 
inner half to show proper relation of the papillary muscles. Letters as in fig. 17. 

bundles are constantly passing into the depth whence they pass 
upward towards the conus. Especially is this true along the 
anterior longitudinal sulcus, as shown in fig. 6. This observa- 
tion was first made by Wolff and has been repeatedly confirmed.* 
It is not difficult to see in this arrangement an extension upward 
of the vortex of the right ventricle. When these bundles once 
reach the inside of the right ventricle they all have an upward 
tendency, towards the conus. On the septal side the inner fibers 
pass towards the membranous septum, that is towards the ostium. 
These fibers communicate freely with the papillary muscles of 

6 Parchappe, Du Couer, Rouen, 1846, Pl. 5, fig. 1. 
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both ventricles as shown in fig. 15. The fibers from the conus 

cross the anterior longitudinal sulcus and pass to the apex as 

the bulbo-spiral band (fig. 6). Below these the fibers encircle 

the right ventricle (fig. 1) and dip into the anterior longitudinal 

sulcus as indicated in fig. 6. At the apex of the right ventricle 
the fibers pierce the septum to pass into the left ventricle as shown 

in fig. 12. 
At the base of the heart the fibers encircle largely the right 

venous ostium (fig. 1) to reach the conus where they blend inti- 

mately with the tendon of the conus (figs. 1, 3,4, 8 and 13). At 

this point we also recognize the circular band of the conus as 

described by Ludwig, and subsequently by Krehl. This Mac- 

Callum could not verify in the pig. However it is present but 

by no means as marked as one would believe by reading Krehl’s 

paper. It is seen in figs. 6 and 8 that a large loop encircles the 

conus which is broken by a tendon, the superior aortic septum. 

However, careful dissections of this region in man and in the pig 

reveal a small circular band of fibers which encircles the conus 

and is attached to the aortic septum only. So, as the aorta has 

its own simple circular band which includes the left venous 

ostium, there is a corresponding band in the right ventricle which 

includes the conus only. This arrangement is fundamental and 

may be described as the figure 8 of the base, one loop around the 

conus and the other around the aorta and the left ostium, with 

the cross piece as the septum aorticum. All the other loops of 

muscle bands may be considered as modifications of the two loops 

of the transverse figure 8, but they must all come back to the 

cross piece of the 8, or aortic septum. One loop encircles the 

main part of the bulbus and the other the main part of the sinus. 

(See Schema B). 
The longitudinal bundles of the medial side of the right ven- 

tricle connects with the papillary muscles of the left ventricle 

and with the membranous septum on the right side of the heart 
(figs. 8, 8 and 15). A portion of it passes over the front of the 

heart to blend with the superficial bulbo-spiral band. This is 
shown in fig. 13 and in fig. 15 where its attachment to the mem- 

branous septum has been cut off, and in figs. 6 and 8 with the 
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corresponding points marked by an X. In fact this bundle 

arises in common with the superficial bulbo-spiral band from the 
membranous septum and could be well considered with it (fig. 

10, LRV and BS). If described with it it would be said to extend 

on the outside of the heart to the apex and thence through the sep- 

tum, and on the inside of the right ventricle over the septum, 

finally ending in the papillary muscles of the left ventricle. It 

also ends in the large papillary muscles of the right ventricle. 

MacCallum found that he could unroll foetal pigs’ hearts which 
had been macerated in a solution of glycerine, water and nitric 

acid, into a single sheet or scroll of fibers. He was also able to 

unroll a number of foetal hearts as well as the heart of a child 

three or four years old. Subsequently Knower showed that 

hearts from cadavers which had been embalmed with carbolic 

acid could be unrolled by MacCallum’s method with consider- 

able ease. Since, however, my aim now is to interpret Mac- 

Callum’s scroll, I shall use the adult pig’s heart in my descrip- 

tions. I have extended his work by leaving the tendons at the 

base of the heart intact in order to show better the attachment 

of the fiber bundles at this point. The specimens were pre- 

pared by distending them with a three per cent solution of 

earbolic acid in water as already described.** They were then 

dissected, as shown in figs. 3 and 4. In doing so it is well to let 

the split be natural and not forced either to one side or to the 
other.*7 Soon the longitudinal muscle band from the mem- 

branous septum to the right ventricle comes into view and after 

it has been well isolated it is to be cut squarely. Next the aorta 

is to be torn from its root which takes with it the muscle bundles, 

superficial and deep bulbo-spiral, arising at this point. This 

may be understood by a glance at figs. 10 and 11. The splitting 

66 By this method hearts may be prepared in either the dilated or the con- 

tracted form. In order to make specimens rapidly and also quite satisfactorily 

hearts may be unrolled after boiling them in dilute acetic acid for half an hour. 

The specimen can then be cleaned easily, the muscle is not shrunken and the 

tendons at the base are still intact. 

°7 Searle, Todd’s Cyclopedia of Anatomy, 1836, vol. 2, evidently had this sheet 

before him when he described the ‘‘rope’’ of the heart. His fig. 278 is similar to 

my fig. 17. 
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of these bands is then extended around the heart to the posterior 

side much as is shown in fig. 8. As the aorta has been taken out 

(or macerated out in MacCallum’s specimens) the first break 

into the cavity of the ventricle is immediately under the aorta, 

in fig. 8 which is also shown in fig. 18. Here it is clearly seen 

that the anterior papillary muscle is attached to the tip of the 

scroll as shown in fig. 17. That this split is natural and is easily 
made is shown by fig. 16, in which the two papillary muscles are 

shown with a strand of muscle tissue between them. This 

strand extends to the tip of the scroll and ends in the posterior 

ligament of the aorta (fig. 17, PL). This figure also shows the 

entire left ventricle unrolled with the two spiral strands hanging 

loosely below. The one associated with the posterior papillary 

muscle coming from the aorta is the bulbo-spiral band and the 

other which is attached to the anterior papillary muscle is the 

sino-spiral. Fig. 18 is made from the specimen shown in fig. 17, 

by cutting it in half and replacing the distal end within the prox- 

imal. In general it represents the left ventricle cut open from 

behind, and expresses clearly the course of the break when the 

wall of the left ventricle is unrolled. 
What is here given only apparently contradicts what Krehl 

found when he isolated the Triebwerk of the left ventricle. My 

illustrations (figs. 10 and 11) show that this may also be unrolled 

if its point of origin is detached from the aortic septum. In so 

doing the entire circular bands which pass the septum, including 

the anterior papillary muscle, hold together, as shown in fig. 18. 

So Krehl’s Triebwerk is not composed of muscle bundles which 

form complete rings but bundles which both arise and end in 

the tendinous structures at the base of the heart. In so doing 
the bundles turn upon themselves to form V-shaped loops just 

as do the bulbo-spiral and sino-spiral bundles as they enter the 
vortex. MacCallum’s scroll again shows that all of the muscle 

fibers form V-shaped bundles which encircle the left ventricle. 

They are fitted into one another, those forming the circular bands 

making obtuse angles while the outer and inner bundles form 
acute angles at the apex. Between these two systems there 

are all intermediate gradations. (See Schema A.) 
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It is apparent that the arrangement of the superficial fibers of 

the heart is such that their contraction will cause the heart to 

rotate, as is well known to physiologists. In so doing the trans- 

verse diameter of the heart must diminish but it is not necessary 

that the long diameter should change as was pointed out by 

Hesse.** Since the rotation of the apex in contraction is accom- 

panied by a straightening of the superficial spiral fibers, it must 

cause the inner spiral fibers to curve upon themselves for they 

run at right angles to the outer fibers. This is well illustrated 

in a diagram by Nicolai,*® which shows that in contraction the 

outer fibers of the ventricle become straighter, while the inner 

ones become more spiral. According to my description of the 

heart muscle fasciculi such a contraction need not change the 
length of the heart, but it exaggerates to the utmost the folds 

which are formed within the heart during systole; in fact the 

lumen of the left ventricle is nearly obliterated. In fig. 19 the 
heart, which is held in both hands, is represented as it is in dias- 

tole. In order to imitate contraction of the heart as it takes 

place in systole it is necessary to rotate the apex as shown in 

fig. 20. In this change of position the inner bundles are twisted 

as one wrings out a wet rag. This was Borelli’s’® conception of 
the heart contraction which I do not believe can be improved on 

very much. Borelli gives an account of the arrangement of the 

muscle bundles of the heart in which it is pointed out that there 

is a general downward course of the fibers from the base to the 
apex where they form the vortex. He also gives a figure of two 

hands twisting a rope to illustrate the way the rotation of the 

contracting heart presses the blood out during systole. My dis- 

68 The statement to this effect by Hesse, His and Braune’s Archiv, 1880, relates 

to the dog’s heart. Krehl, l.c., p. 349, thinks that it is equally applicable to the 

human heart, although evidence is wanting. 

69 Nicolai, Nagel’s Handbuch der Physiologie, Braunenschweig, 1909, Bd. 1, 

fig. 74. Nicolai’s description is entirely theoretical for he states that the architec- 

ture of the heart is by no means clear, and that the longer this subject is worked 

upon the more confused it becomes. HKvidently Nicolai has neither studied suit- 

able specimens, nor the literature upon the subject. It is becaue of the importance 

of Nagel’s Handbuch that I call attention to Nicolai’s dilemma. 

70 Borelli. De motu animalium, Romae, 1681. 
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sections support Borelli’s conception of the mechanism of the heart 

beat. In order to make it clear to the reader two illustrations 

of the same heart, in diastole and in systole, are given. The 

curved arrows in figs. 19 and 20 indicate the necessary rotation 

of the heart at its apex to convert the one figure into the other. 

It is to be noted that this specimen is from a pig’s heart in which 

the circular band at the base is much more pronounced and that 

of the septum much less marked than in man. Also the ending 
of the bulbo-spiral band within the heart divides into two distinet 

bands, one of which unites with the front side of the aorta and 

the other encircles the heart as in man and ends in the posterior 

ligament of the aorta. The external spiral bundles have been 

removed. In the dilated heart, fig. 19, the inner bundles are 

unwrapped and the outer ones, which have been cut off, were 

lengthened. In fig. 20 the opposite is the case, the inner bundles 

including the papillary muscles are wrapped upon themselves 

and fill the lumen of the ventricle. Specimens like the one from 
which figs. 19 and 20 are made are not so difficult to prepare and 

they show the mechanism of contraction much better than the 

illustrations do. 

What has been said about the pig’s heart can easily be read 

into the human, from the description I have given of it. Fig. 7 

shows that contraction of the bulbo-spiral band will rotate the 

apex and wind up, or put under great stress, the chief deeper 

bundles of the left ventricle, as shown in fig. 8. Contraction of 

the deep bulbo-spiral band, the Triebwerk of IKrehl, will then 

complete the contraction of the ventricle. 

To obtain a proper understanding of the architecture of the 

heart the organ must be considered as a whole with a conception 
of the function it has to perform kept uppermost, as was done 

by Borelli and was emphasized by Weber and by Ludwig. Only 

from this standpoint is it possible to get a clear understanding 
of this intricate network of muscle bundles. Not only is this 

the ease for the adult heart, but without it we cannot hope to 

unravel its development, for the arrangement of the fibers must 

be due to functional adaptation from the time the heart begins 

to beat. 
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Hermaphroditismus verus is of such rare occurrence and so 

eminently important in our knowledge of the development of 

the genital organs, that it would seem worth while to add a new 

case to the few so far recorded. Numerous instances of supposedly 
true hermaphroditism have been described, but only in rare 

instances have they stood a critical consideration. 

The microscopic diagnosis In many cases has been incorrect, 

particularly in cases where the normal structure of the tissues had 

been altered by neoplasms so that their identification was almost 

impossible. Some instances of true hermaphroditism have been 

reported in which histological examination was neglected; yet with- 

out a microscopic investigation the correct interpretation of 

malformations of this kind is at least doubtful. 

The ‘ovotestis’ to be described in this article was taken from 

an individual forty years old who came to the hospital to be oper- 

ated upon for tumor of the right inguinal region. In the left 

inguinal canal a similar, but somewhat smaller nodule was 
detectable. 

The external genitals were of the female type; labia majora 

and minora were well developed and an introitus vagine was 
present. The noticeably peculiar feature was the extremely 

enlarged clitoris with the opening of the urethra on its ventral 
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side, so that the organ offered rather the aspect of a hypospadic 

penis than that of a clitoris. 

No uterus was present and the vagina ended blindly (atresia 

vagine). During the course of embryonic development, there- 

fore, the greater part of the Miullerian ducts had been lost and the 

formation of the genital apparatus must have inclined toward the 

male type. <A prostate-like organ was felt attached to the ure- 

thra, yet its real nature remains doubtful, since no microscopic 

examination could be made. In other cases in which both a vagina 

and prostate have been found they were seen to be connected with 

one another, but in the present instance no detectable communi- 

cation existed between the vagina and the supposed prostate. 

The distribution of the hair on the body was that typical of 
the female. The pelvis was wide, but mammary glands were not 

developed, and the larynx was externally that of the male. The 

secondary sexual characters were not so decidedly of the male 

type that there arose any doubt about the sex of the individual, 

although the knowledge of the malformation existed. The indi- 

vidual was believed by herself and her associates to be a woman. 

The individual has never menstruated, sexual intercourse has 

never taken place, and libido sexualis is not present. Her psy- 

chic disposition is thatof a woman and she earns a living asacook. 

The tumor in the left inguinal region was left in place since it 

did not cause inconvenience and that in the right channel was 

removed. The nodule extirpated had about the form of a testicle 

with attached epididymis. It measured 6 em. in length and 5 

em. in width and thickness. Histologically it proved to be male 

genital tissue, with the exception of a small nodule which exhibits 

a structure very similar to that of an ovary. Dr. James Ewing 

diagnosed this region of the specimen as true ovarian tissue. 

Others who were asked to examine the sections agreed with Dr. 

Ewing in considering the tissue ovarian.! 

17 wish to thank Prof. A. Kohn, the well known histologist in the German Uni- 

versity of Prague, for his careful examination of the sections and for the many sug- 

gestions he made in regard to their interpretation. The preparations were also 

demonstrated before the Eighth International Zodlogical Congress in Graz, and 

the structure was interpreted by all as ovarian. 
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THE TESTICULAR STRUCTURE 

The mass of the testicle is surrounded by an extremely broad 

tunica albuginea, the elements of which are arranged in a some- 

what undulating manner and contain elastic fibres with but few 

nuclei and vessel. As might be expected the testicular tissue 

proper (fig. 2) is not of the appearance of the normal male sexual 

gland since the organ developed under very abnormal conditions. 

It resembles the well known pathological condition of a degenerat- 

ing testicle, and the hyaline type of degeneration is typical of the 

kryptorchic mammalian testicle retained in the inguinal canal. 

The sections through the contorted tubules vary much in size, the 

smaller ones are circular in shape, the larger ones more or less 

oval and some a little bent or even S-shaped owing to the plane of 

section. The average diameter of the tubuli contorti is much 

smaller than normal. The epithelium which lines the tubules 

shows only one row of basal cells, and these are propably all of the 

Sertoli’s cell type being rather large, triangular or cubical in shape 

with clear cytoplasm and large nuclei (fig. 2, ct). From their sur- 

faces protoplasmic processes project into the lumen. Germ cells 

seem to be entirely absent since there are no indications of sperma- 

togonia, spermatids or spermatozoa. It is not improbable that in 

the younger years of the individual anlagen of germ cells were 

present in the tubules, but failed to undergo further development 

on account of the abnormal physiological conditions. It must be 

assumed that formerly germ cells existed, for without them the 

development of male sexual glands is hardly conceivable. 

The cells of Sertoli show different stages of degeneration as is 

indicated by the different densities and staiming abilities of the 

nuclei. In some cells the nuclei are shrunken and lie in a nuclear 

cavity. This degeneration of the epithelial cells is probably due 

to the above mentioned hyaline degeneration of the wall of the 

seminal tubules. The inner layers of the tunica propria upon 

which the epithelial cells lie are swollen, while the constituent 

cell nuclei disappear entirely, forming a hyaline mass which lies 

as a band between the follicular wall and the epithelium (fig. 2, 
ct). This swollen band of cells pushes the epithelium towards the 
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lumen which thus becomes more and more occluded and often 

with gradual dissolution of the cells becomes entirely obliterated. 

The hyaline band exhibits a somewhat fibre-like structure with 
processes from it extending between the epithelial cells. It varies 

in thickness and in some places is entirely missing, and along with 

this variation in thickness the degeneration of the epithelial cells 

presents a regional distribution. In some regions the epithelial 

cell nuclei stain in a normal manner and are situated towards the 

periphery, in other regions the cell limits are indistinct and the 

nuclei lie near the lumen. This accords with former observations, 

and Finotti states that in the kryptorchic testicle, even when the 

individual is not a hermaphrodite and the germinal epithelium in 

places develops spermatozoa, the degeneration is not of uniform 

degree in all regions. 

Wherever there is a membrana propria left in the form of a 

thin layer of spindle-like connective tissue cells, elastic fibres are 

usually present. 

The testicle under consideration offers still another peculiarity. 

The interstitial tissue is enormously increased so that the seminal 

tubules are in places pushed far apart (fig. 2, 7). Connective 

tissue fibres are comparatively scarce in this tissue. 

The interstitial cells are normal in appearance, the majority 

being of a triangular or polygonal shape. The large nucleus 

(there are occasionally two nuclei) possesses one or more nucleoli 

and is usually excentrically situated. The cytoplasm is somewhat 
denser than that of ordinary connective tissue cells, it is finely 

granular and often contains in some regions a very fine brown 

pigment. Of the so-called Reinke’s crystals nothing could be 

detected. 
The interstitial cells are usually arranged either in small 

irregular groups or narrow streaks, often, however, they are united 

in large compact nests and grow so excessively that they actually 

invade the tunica albuginea. There is no relationship between 

these cells and the blood vessels as is often claimed. 
This striking increase in the number of interstitial cells is a 

feature well known to the human embryologist as well as to the 

pathologist. During the fourth month of embryonal develop- 



HERMAPHRODITISMUS VERUS IN MAN 271 

ment these cells constitute about two-thirds of the parenchyma 

of the testicle. Their number is also very much increased in the 

kryptorchic testicle. Whether the large amount of interstitial 

tissue in the present case is an embryonal condition due to arrested 

development, or simply a secondary pathological feature, is 

difficult to say. The latter, however, seems to be more probable 

since there are no indications, except perhaps the entire lack of 

germinal epithelium, that the gland did not develop normally. 

It probably degenerated later on account of its unusual position. 

Finotti claims that the gland does not degenerate for sucha 

reason, but on account of an early predisposition to do so. 

The entire accessory system of the male genital gland, rete 

testis, ductuli efferentes, ductus epididymis and vas deferens, 

are present. The globus major is, as far as the arrangement of the 

efferent ducts is concerned, rather well developed. The epithe- 

lium, however, is very degenerate in places (fig. 4), though to- 

wards the duct of the epididymis it approaches a normal condi- 

tion. The epithelium in some tubules is of the low cubical type 

without foldings (fig. 3), while in others it shows the normal pro- 

jections into the lumen with alternating columnar and cubical 
cells. 

The structure of the epididymis resembles in parts that of the 

epodphoron and since both organs are derived from the Wolffian 

body, it is not impossible that in a true hermaphrodite we might 
find them somewhat mixed. 

The ductus epididymidis is normally developed. The muscular 

coat of the efferent ducts increases in thickness as they approach 

the epididymis. There are numerous elastic fibres among the mus- 

cle cells; if these, as Stohr states, do not appear until puberty is 

reached we must conclude that the entire efferent system reached 

a mature state independently of the testicle. This is also empha- 

sized by the fact that the better developed parts are those 

farthest removed from the testicle. The duct of the epididymis, 
for instance, has a normal, highly columnar, ciliated epithelium, 

which shows no signs of degeneration. In the lumen is seen cell 

detritus, a finely granular mass and numerous concrements. The 
muscular coat of the spermatic cord is much increased. 
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The sclerotic blood vessels, as everywhere seen in the sections, 

are typical of the kryptorchic testicle. 

THE OVARIAN STRUCTURE 

The female portion of the genital gland is rather small, the rudi- 

mentary ovary being a little nodule only 3 mm. in length and 2 

mm. in width and thickness. It is enclosed within a cyst in the 

tunica between the testicle and the head of the epididymis (fig. 

1, 0). The typical ovarian stroma is easily recognized by the 

arrangement of the spindle-shaped connective tissue cells (fig. 

5). This structure is nowhere else to be found in the human body. 

Cortical and medullary portions are distinguishable. The former 

consists of dense connective tissue rich in cells, and traversed by 
small blood vessels. The slender cells sometimes resembling 

smooth muscle fibres, are arranged either in strands or twirls. In 

the central portion of the ovarian body the connective tissue con- 

tains fewer nuclei and its elements are arranged in broader 

streaks. The blood vessels are large and bent. 

The entire nodule is surrounded by a single-layered, cubical 

or cylindrical epithelium (fig. 5) which although rather primi- 

tive shows here and there slight cellular differentiation. Some 

cells are larger and broader and their nuclei are large and 

more circular and contain less chromatin than the neighboring 

cylindrical cells (figs. 6, 7, p). These cells are very probably 

primordial ova, yet a definite diagnosis cannot be made. How- 

ever the decision that the body is ovarian in structure is sufficiently 
warranted by the typical stroma with its surface epithelium. 

The ovary remained in an early stage of development as is. 

indicated by the rather high columnar cells in certain regions 

(fig. 6). A migration of primordial ova into the stroma and the 

formation of Graafian follicles has not taken place, probably 

due to the abnormal conditions of development. This accords 

with earlier reports on the subject which state that in all cases 

of hermaphroditism, whether true or spurious feminine, the epi- 

thelial part of the ovary is below the normal in development. 

Various transitions have been described from almost mature 
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ovaries to those containing only primordial follicles or even empty 

follicies. 
The primitive and rather small female portion found in this 

hermaphroditic genital gland indicates perhaps that in many 

cases of spurious hermaphroditism traces of ovarian tissue might 

be found, provided the entire testicular tissue be thoroughly 

searched, so far, however, this has never been done. 

That both types of germinal tissue are in a hypoplastic condi- 

tion is explained by Halban in the following way, the impulse 

for development, which normally is concentrated upon one system, 

in cases of hermaphroditism iscalled to act upon two systems and 

thus is insufficient to force either to the normal degree of develop- 

ment. 

In the present case male and female tissues are found in close 

contact in one gland, but an intermixing of the two kinds of tissue 

does not exist, and therefore the term “‘ovotestis,”’ as is often used 

for this kind of gland, does not seem to be appropriate. In the 

true ovotestis of invertebrates male and female sexual cells 

are produced by one glandular structure. 

The male part of an ‘ovotestis’ 1s as arule considerably larger 

and further developed than the female. Kopsch and Szymono- 

viez have observed this in all hermaphroditic vertebrates and 

it likewise holds for the present case. This individual, however, 

shows many more external female characters than one should 

expect when considering the large male part of the genital gland. 

If the interstitial cells of the testis are really responsible for the 

accessory sexual characters then the person in question should 

show a typical male condition. The body of the individual is 

not a perfect woman, yet the male characters are not so out- 

spoken that she could be called a man-woman. This fact is sur- 

prising from the study of the genital gland tissue, as far as this 

could be investigated, but it must be remembered that the 

actual amount of ovarian tissue the individual really carried in its 

body is not known. As has been mentioned above, anodule existed 
in the left inguinal canal similar to that described from the right, 

this in all probability may have also been genital gland tissue and 
it might have contained a preponderance of ovarian material. 



274 J. F. GUDERNATSCH 

Such is not improbable since in malformations of this kind a great 

difference between left and right genital glands has often been 

observed. Salén, for instance, describes a case of true hermaphro- 

ditism, in which the right side contained an ‘‘ovotestis,” while 

on the left a perfect ovarium was found. Lilienfeld states that in 

all cases of disturbed development of the genital region the female 

type is predominant on the left side. In this individual a 

large ovary may have been present on one or both sides higher 

up in the abdominal cavity, or there may have been more ovarian 

tissue present during an earlier period of life than can now be: 

detected. This latter suggestion would account for the develop- 

ment of the strong female. characters of the individual. Ker- 

mauner states in Schwalbe’s ‘‘ Die Missbildungen des Menschen 

und der Tiere’ that ‘‘whether the entire defect) may be regarded 

as primary aplasia, or later involution, cannot always be decided. 

In no ease can it be entirely denied that microscopic remnants of 

ovarian tissue, perhaps transformed beyond recognition, may be 

located somewhere in the abdominal cavity.” 

Whatever circumstances were responsible for the strong female 

characters of this person, it is interesting that along with them the 

male sexual apparatus developed to the perfection here described. 

The cavities and the conerements of the epididymis would indi- 

cate that a secretory function was performed by the epithelium, 

This case of true hermaphroditism recalls the old theory of 

Waldeyer according to which there is a bisexual anlage of the geni- 

tal gland, as opposed to Lenhossek’s idea of an indifferent anlage. 

Instances in which male and female genital tissue are found 

next to each other speak at least for Waldeyer’s view that the 

ovary develops from a different region of the genital ridge from that 

of the testicle even though they may not entirely support his 

theory of hermaphroditism. In all the cases of true hermaphro- 

ditism the ovary occupies the same relative position to the testicle. 

It seems strange that there should always be a sharp distinction 

between the two kinds of tissue and never an undefined mixing 

of both elements (true ovotestis) as might be expected, if all cells 

of the germinal epithelium could produce either male or female 

tissue. . 



PLATE 1 

EXPLANATION OF FIGURES 

1 General view of the relative positions of testicle, t, ovary, 0; and epididymis, 

@, \Diieh, Ue Wr 

2 Testicular tissue, showing the hyaline wall of the convoluted tubules, ct; 

and the large masses of interstitial cells, 7. Dia. 1:90. 

PLATE 2 

EXPLANATION OF FIGURES 

Zand 4 Sections through different parts of the epididymis. The tissue in fig. 3 

resembles somewhat a parovarian structure. Dia. 1:90. 

PLADE 3 

EXPLANATION OF FIGURES 

5 Ovarian tissue. Dia. 1:50. 

6 and 7 Germinal epithelium of the ovary; p, somewhat differentiated cells, 

probably primordial ova. Dia. 1: 200. 
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Every embryo has the anlagen of the efferent ducts for the 

expulsion of both male and female products of the genital glands, 

which indicates that the male and female sexual apparatus are 

rather distinct from one another, thus it does not seem impossible 

that two distinct regions of the germinal epithelium might exist 

next to one another, one giving off the male, the other the female 

primordial cells. Why is the Miillerian duct always laid down in 

the male if there are no female tendencies in the undifferentiated 

embryo? It seems that in every embryo there is a trace of a 

female tendency. Some authors, Benda for instance, go so far 

as to claim ‘“‘that the primary anlage of the entire sexual system 

of the vertebrates must be regarded as female.’’ Waldeyer’s 

view, however, may be correct, that the Millerian duct alone is 

the primary efferent duct for the genital glands in both sexes. He 

believes that in its function it corresponds to the primitive open- 

ing for the products of the gonads in the lowest vertebrates, the 

porus abdominalis. This scarcely seems possible, since in some 

fish adbominal pores and efferent genital ducts exist side by side 

and thus the second do not replace the first. Benda on the basis of 

Waldeyer’s view may be justified in his conclusion that at no 

time do both ducts, Wolffian and Miillerian, exist as parallel 

genital ducts. Yet this is not entirely true, for the Wolffian duct, 

even in early periods, when it certainly serves as the mesonephric 

duct, must possess the potential faculty of developing into a male 

genital duct. This faculty is possessed by the duct in all embryos, 

whether the further development is male or female. 

In the resulting female the possession of the quality to develop 

the mesonephric duct into a male sperm duct seems likely, if not 

proven, by the fact that the remnants of the Wolffian body, the 

Epodphoron and Paroédphoron, closely resembling the structure of 

some parts of the epididymis, are found to exist. 
The present case is interesting in still another direction. The 

sister of this hermaphrodite also shows irregularities in the forma- 

tion of the external genital organs. Unfortunately only the 

testimony of laymen could be secured regarding this. In mana 

hereditary tendency towards hermaphroditism has never been 

scientifically proven, though several cases have been supported 
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by laymen. Reuter, however, found among three pigs of one 

litter one true and two spurious hermaphrodites, and in a later 

litter from the same sow a pseudo-hermaphrodite occurred. 

From this investigation the sex of the individual remains unde- 

termined. According to Virchow it is an ‘individuum utriusque 

generis.’ According to Klebs the condition is a typical herma- 

phroditismus verus. Klebs regards an individual as a true her- 

maphrodite, when the genital glands of both sexes are united in it. 

The physiological state is of no importance, simply the anatomical 

fact. An anatomical hermaphroditism seems to be all we can 

expect to find in vertebrates. The physiological hermaphroditism, 

as is normally the case in invertebrates, may hardly be looked for 

inman. In the higher vertebrates the persistence of both genital 

glands, is looked upon as an imperfect development and under such 

circumstances it is only natural that their physiological faculty 

should be reduced. 
Our knowledge of the etiology of these malformations is almost 

nil, since in general our conceptions of the principles involved in 

the development of sex are still rather vague. It remains for the 

anatomist and embryologist, perhaps for the experimenter, to 

bring about a deeper understanding of these abnormalities. 

So long as the interest in them is reserved for pathologists and 

clinicians, and the malformations of the external genitals remain 

the only thing of interest, the literature regarding such anomalies 

will be as Benda states “‘overcrowded with sensational reports,” 

with no exact investigation of the anatomical and histological 

features. 
Hermaphroditism in the sense that separate testicles and ova- 

ries are found has not been demonstrated in man, nor even in other 

mammals beyond doubt. Yet there are four cases of the so- 

called ovotestis on record, two of these with neoplastic changes 

in the male portion. The present is therefore the fifth recorded 

case of true hermaphroditism in man. 

—— ————— 
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INTRODUCTION 

The present series of observations on the development of the 

sympathetic nervous system in turtles represents a continuation 

of the writer’s investigation of the development of the sympa- 

thetic nervous system in vertebrates. The observations set forth 

in the present paper are based on embryos of Thalassochelys 

caretta (loggerhead turtle) and of Chelydra serpentina (snapping 

turtle). 

Embryos of Thalassochelys caretta develop more slowly and 

are comparatively larger than embryos of Chelydra serpentina. 

| 279 
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Preparations of the former are, therefore, somewhat more satis- 

factory for the study of the development of the sympathetic 

nervous system than preparations of the latter. The present 

study is based primarily on embryos of Thalassochelys caretta, 

observations on embryos of Chelydra serpentina being introduced 

wherever such introduction has seemed desirable. 

It is a real pleasure to express my obligations to Prof. G. L. 

Houser for many helpful suggestions and for valuable criticism 

during the progress of this investigation. JI also desire to express 

my indebtedness to Prof. F. A. Stromsten for the use of a large 

number of embryos of Thalassochelys caretta which were col- 

lected by him at the Dry Tortugas, Florida, during the summer 

of 1910. 

As indicated in my earlier papers,! the most satisfactory prepa- 

rations for the study of the development of the sympathetic 

nervous system were obtained from embryos which were fixed 

_ in chrom-aceto-formaldehyde, sectioned to a thickness of 10 micra, 

and stained by the iron-hematoxylin method. This method 

was employed almost exclusively in this investigation. 

The literature bearing on the development of the sympathetic 

nervous system has been reviewed by the writer in an earlier 

paper ;? therefore, only such references will be made to the litera- 

ture in this paper as seem to be necessary. 

Observations on the development of the sympathetic nervous 

system in reptiles are few and incomplete. According to C. K. 

Hoffman (’90), the ganglia of the sympathetic trunks in reptiles 
arise from cells which are derived directly from the spinal ganglia 

according to the view first advanced by Balfour and later elabo- 

rated by Onodi. Neumayer (’06) described the earliest anlagen of 

the sympathetic nervous system in Lacerta (Spec ?) as slender cell- 

strands growing ventro-mesially from the mixed spinal nerves. 
As development advances these cell-strands become more con- 

spicuous and terminate distally in distinct cell-aggregates which 

constitute the anlagen of the ganglia of the sympathetic trunks. 

‘ See bibliography. 

2 The development of the sympathetic nervous system in mammals. Jeur. 

Comp. Neur. and Psych., vol. 20, no. 3, pp. 211-258. 
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Neumayer’s observations on embryos of Lacerta reveal nothing 

which is characteristic of reptiles. His conception, according to 

which the sympathetic anlagen arise from cells which are to be 

regarded as the offspring of the dorsal and the ventral nerve-roots 

and are differentiated in situ, is based primarily on other classes 

of vertebrates. 
According to Held’s (09) observations on embryos of Emys 

europea, the sympathetic trunks arise as cell-aggregates lying 

along the lateral surfaces of the aorta at the distal ends of cell- 

chains which grow mesially from the spinal nerves. Further- 

more, Held has observed that in this species more than one such 

cell-chain may grow from the spinal nerve toward the aorta. 

According to his observations, the cell-aggregates constituting 

the anlagen of the sympathetic trunks soon become broken up 

into small cell-groups which become more or less scattered in the 

mesenchyme. From these cell-groups cells migrate ventrally, 

some of which enter the mesentery and give rise to the sympa- 

thetic plexuses in the walls of the digestive tube. Held agrees with 

Neumayer that the sympathetic anlagen arise as outgrowths from 

the spinal nerves. He, however, traces the origin of the cells giv- 

ing rise to the sympathetic nervous system to the spinal ganglia. 

OBSERVATIONS 

Sympathetic trunks 

a. Development. The earliest traces of the anlagen of the sym- 

pathetic trunks appear in the thoracic and the dorsal region of 
embryos of Thalassochelys caretta during the eighth day of incu- 

bation, as loose cell-aggregates lying along the lateral surfaces of the 

aorta just belowits dorsal level. At this stage the spinal ganglia are 

not yet completely differentiated. Traces of a few short fibers con- 

stituting the earliest fibers of the dorsal nerve-roots appear in the 

distal ends of the spinal ganglia, while in a few sections the rudi- 

ments of the ventral nerve-roots appear as inconspicuous fiber- 

bundles growing out from the neural tube. The spinal ganglia 
are not sharply limited distally. Tracts of cells may be traced 
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from the distal ends of the spinal ganglia diagonally through the 

mesenchyme toward the lateral surfaces of the aorta, where they 

terminate in loose cell-aggregates which constitute the anlagen 

of the ganglia of the sympathetic trunks (fig. 1). 

The cells which thus become separated from the cerebro-spinal 

nervous system and migrate peripherally before the spinal nerves 

Fig. 1 Transverse section through the trunk region of an eight-day embryo of 

Thalassochelys caretta. >< 210. Ao., aorta; M.C., path of cells migrating into 

sympathetic anlage; M.P., muscle plate ; Nc., notochord; Sp.G., spinal ganglion; 

Sy., anlage of symphathetic trunk. 

arise may be distinguished from the cells of the mesenchyme by 

their slightly deeper stain and by the characteristic chromatin 

structure of their nuclei. The cells in these tracts leading from 

the spinal ganglia into the cell-aggregates constituting the anlagen 

of the sympathetic trunks are not closely aggregated nor is there 

any evidence that they are embraced in syncytia. Although 

mitotic figures in their various phases occur frequently along 
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these paths, the peripheral advancement of the cells cannot be 

accounted for by the pressure due to mitotic division. These 

elements are too loosely aggregated to permit of being pushed 

forward by the pressure which might be exerted by the mere 

crowding due to the multiplication of cells. Neither is there any 

apparent line of weakness in the mesenchyme which might deter- 

mine the path of these migrant nervous elements. The course 

taken by them is approximately the most direct course from the 
distal ends of the spinal ganglia into the regions in which the an- 

lagen of the sympathetic trunks arise (fig. 1, M. C.). 

At the close of the ninth day of incubation the anlagen of the 

sympathetic trunks are present from the cervical to the sacral 

region. The cell-aggregates constituting the anlagen of the sym- 

pathetic ganglia appear in tranverse sections as oval or elongated 

cell-masses lying along the lateral surfaces of the aorta and along 

the dorsal surfaces of the carotid arteries. These cell-aggregates 

are best developed in the thoracic and in the dorsal region, 2. e., 
in the regions in which the sympathetic anlagen first arise. The 

spinal ganglia are now well differentiated and the fibers of the 

spinal nerves may be traced peripherally for some distance 

beyond the level of the aorta. The anlagen of the ganglia of 

the sympathetic trunks are connected with their respective nerves 

by cellular tracts. In some sections fibers appear in the proximal 

parts of these cellular tracts, constituting the earliest fibers of 

the communicating rami. The cellular tracts extending from 

the distal ends of the spinal ganglia into the anlagen of the sym- 

pathetic trunks, which were so conspicuous in the previous stage, 

no longer appear. The cells which become separated from the 

cerebro-spinal nervous system in the region of the trunk now 
migrate peripherally along the paths of the spinal nerves and 

of the communicating rami (fig. 2). 
At this stage, cells apparently become separated from the spinal 

ganglia in considerable numbers. At the same time cells may be 
traced from the mantle layer in the ventral part of the neural 

tube, across the marginal veil, into the proximal parts of the ven- 

tral nerve-roots. That cells migrate from the neural tube into 

the ventral nerve-roots cannot be doubted. In many sections 

THE AMERICAN JOURNAL OF ANATOMY, VOL. ll, NO. 3 
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Fig. 2 Transverse section through the trunk region of a nine-day embryo of 

Thalassochelys caretta. XX 210. Ao., aorta; M.P., muscle plate; Ne., notochord; 

Sp.G., spinal ganglion; Sp.N., spinal nerve; Sy., anlage of symphathetie trunk; 

V.N.R., ventral nerve-root. 

continuous lines of cells may be traced from the mantle layer into 

the proximal parts of the ventral nerve-roots, and occasionally 

one of these cells may be observed half in and half out of the neu- 

ral tube. These cells obviously advance peripherally along the 

fibers of the ventral nerve-roots. After they have advanced 

beyond the point of union of the dorsal and the ventral nerve- 

roots it is no longer possible to distinguish between the cells which 

have their origin in the ventral part of the neural tube and wander 
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out along the ventral nerve-roots and those which wander down 

from the spinal ganglia. As the cells advancing peripherally 

along the paths of the spinal nerves reach the origin of the com- 

municating rami many of them deviate from the course of the 

spinal nerves and enter the anlagen of the sympathetic trunks 
(fig. 2, Sy.). The cells which wander into the anlagen of the 

sympathetic trunks along the paths of the communicating rami 

are, doubtless, derived in part from the spinal ganglia and in part 

from the ventral part of the neural tube. The great majority 

of the cells present in the spinal nerves are still undifferentiated 
and there is no reason to suppose that cells advancing peripherally 

from the spinal ganglia enter the sympathetic anlagen while those 

advancing peripherally from the ventral part of the neural tube 

do not. Furthermore, the fibers growing peripherally into the 

communicating rami are primarily ventral root fibers. If the 

growing nerve-fibers exert any guiding influence on the peri- 

pherally advancing cells, as, doubtless, they do, it is highly prob- 

able that many of the cells which wander out along the fibers of 

the ventral nerve-roots wander along these fibers into the anlagen 

of the sympathetic trunks. 
In his work on the development of the head of Gymnophion, 

Marcus (’10) described light areas in contact with and partly 

surrounding the anlagen of the sympathetic trunks in the early 

stages. These areas he interpreted as lymph spaces and ex- 

pressed the opinion that the anlagen of the ganglia of the sym- 

pathetic trunks grow mesially from the spinal nervesin these lymph 
spaces or at least are surrounded by them. To quote: ‘Der 

Zellstrang der Sympathicusanlage waichst medianwarts vor, gegen 

die Dorsalseite der Aorta zustrebend. Dabei kann ich mich des 

Eindrucks nicht erwehren, dass der Sympathicus in einem Lymph- 

raum seitlich der Aorta hineinwichst oder dochjedenfalls, dass er 

von Lymphgefiszen umspielt ist.’’ 
In the early stages in embryos of the turtle, narrow spaces simi- 

lar to those described by Marcus in embryos of Gymnophion 

may be observed in contact with and in some cases almost sur- 

rounding the anlagen of the sympathetic trunks as they appear 

in transverse sections. Such spaces, however, are not present 
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in all sections, while in some sections they appear on the lateral 

sides of the sympathetic anlagen and are not apparent on the 

mesial sides. 

It may be noted at this point that while in the eight-day stage 
such light areas sometimes appear in contact with the loose cell- 

ageregates constituting the anlagen of the sympathetic trunks, 

there is no evidence of such areas of weakness in the mesenchyme 

along the paths of migration of the cells which wander from the 

distal ends of the spinal ganglia into the anlagen of the sympa- 

thetic trunks before the spinal nerves may be traced peripherally. 

In view of this fact and in view of the fact that the connections of 
the anlagen of the sympathetic trunks with the spinal nerves along 

the paths of the communicating rami arise after the anlagen of 

the sympathetic trunks are already present, it does not seem 

probable that in embryos of the turtle the anlagen of the sympa- 

thetic trunks grow peripherally in lymph spaces, but rather that 

lymph spaces are formed in contact with the sympathetic anlagen. 

My observations on embryos of Thalassochelys and on embryos 

of Chelydra are in full agreement on this point. Lymph spaces 

in contact with the anlagen of the sympathetic trunks cannot 

be satisfactorily traced in the later stages in embryos of the tur- 

tle because, as will be shown presently, the anlagen of the sympa- 

thetic trunks soon become more or less scattered and no longer 

appear as compact cell-aggregates. 

At the close of the eleventh day of incubation the anlagen of 

the sympathetic trunks have become somewhat larger and more 

conspicuous. They now lie in closer proximity with the aorta 

and are connected with the spinal nerves by comparatively thick 

fibrous communicating rami (fig. 3, C. R.). The anlagen of the 

sympathetic trunks no longer appear as definitely limited cell- 
aggregates, but are becoming somewhat scattered. In trans- 

verse sections they appear to be made up of several irregular cell- 
groups more or less closely associated with each other (fig. 3, 

Sy.). Such scattering of the anlagen of the sympathetic trunks 

is less apparent in the anterior than in the posterior region of the 
body. In the anterior region the anlagen of the sympathetic 

trunks appear in transverse sections as somewhat transversely 

= | 
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elongated cell-aggregates lying along the dorsal surfaces of the 
carotid arteries. Farther posteriorly the sympathetic anlagen 
lie close to the dorso-lateral aspects of the aorta. From the 
region of the suprarenals posteriorly scattered cell-groups may 
be found as far ventrally as the ventral level of the aorta. 

The spinal nerves are at this stage large and conspicuous 
fiber-tracts containing numerous accompanying cells which are 
apparently migrating peripherally. Migration of medullary cells 
into the ventral nerve-roots has probably reached its maximum at 
about this stage. In nearly every section which passes through 

Fig. 3 Transverse section through the anlage of the sympathetic trunk in an 

eleven-day embryo of Thalassochelys caretta. X 210. Ao., aorta; C.R., communi- 

cating ramus; Sp.N., spinal nerve; Sy. anlage of sympathetic trunk. 

the origin of a ventral nerve-root cells may be observed in the mar- 

ginal veil, while in many sections complete lines of cells may be 

traced from the mantle layer into the proximal part of the ventral 
nerve-root. 

It may be of interest to note that in embryos of Thalasso- 

chelys caretta cells may be traced from the ventral part of the 

neural tube into the ventral nerve-roots more readily than in 

embryos of Chelydra serpentina. This is probably due to the fact 

that the former develop more slowly than the latter and that, 

therefore, the migrant medullary cells linger for a longer period 

at the point of exit from the neural tube. 
Fibers are now present in the dorsal nerve-roots connecting 

the spinal ganglia with the neural tube. In a few sections cells 
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could be observed apparently on their way from the dorsal part 

of the neural tube into the dorsal nerve-roots. It is not probable, 

however, that many cells wander out from the dorsal region of the 

neural tube along the fibers of the dorsal nerve-roots. Migra- 

tion of cells from this region of the neural tube is probably only 

a transient process which may play some part in the development 

of the spinal ganglia. 

At the close of the thirteenth day of incubation the anlagen of 

the sympathetic trunks appear to be somewhat more widely scat- 

tered than in the preceding stage. The communicating rami have 

assumed no greater prominence and their fibers cannot yet be 

traced beyond the anlagen of the sympathetic trunks. In many 

sections cell-strands may be observed pushing out from the 

spinal nerves proximal to the origin of the communicating rami 

toward the anlagen of the sympathetic trunks. These cell-strands 

are similar to those described by Held (09) in embryo of Emys 

europea. 

From the region of the suprarenals posteriorly cells move 

ventrally from the anlagen of the sympathetic trunks and build 
up cell-aggregates along the ventro-lateral aspects of the aorta 

which, as will be shown later, constitute the anlagen of the pre- 

vertebral plexuses. 

Cells still migrate peripherally both from the spinal ganglia 

and from the ventral part of the neural tube along the paths of the 

spinal nerves. The marginal veil in the neural tube, however, is 

becoming wider and cells are apparently migrating into the ven- 

tral nerve-roots less rapidly than in the preceding stages. 

During the seventeenth day of incubation the anlagen of the 

sympathetic trunks are still more widely scattered than in the 

preceding stage (fig. 4, Sy.). The communicating rami have not 

increased in size appreciably nor is there much evidence that cells 

still continue to wander along their paths into the sympathetic 

anlagen. The cell-strands which at the close of the thirteenth 

day were observed pushing out from the spinal nerves proxi- 

mal to the origin of the communicating rami now appear as irreg- 
ular cellular tracts extending diagonally through the mesenchyme 

toward the dorso-lateral aspects of the aorta where they become 
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merged with the anlagenof the sympathetic trunks (fig. 4, S.C. R.). 

In a few sections these cellular tracts were observed to unite with 

the communicating rami just proximal to the point at which the 

latter enter the sympathetic anlagen. 

The cellular tracts above described apparently have their ori- 

gin in the spinal nerves. In a few instances at this stage fibers were 

Fig. 4 Transverse section through the anlage of the sympathetic trunk in 

a sixteen-day embryo of Thalassochelys caretta. X 210. Ao., aorta; C.R.,°com- 

municating ramus; S.C.R., secondary cellular tract extending from the spinal 

nerve into the anlage of the sympathetic trunk; Sp.N., spinal nerve; Sy., anlage 

of sympathetic trunk. 

observed to deviate from the spinal nerves along these cellular 

tracts. These fibers may usually be recognized as ventral root 

fibers. They deviate from the spinal nerves at a point so near the 

union of the dorsal and the ventral nerve-roots that they may 
readily be traced proximally as fibers of the ventral roots. 
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As development advances these cellular tracts assume greater 

prominence and gradually become more fibrous. ‘The interval 

along the spinal nerve separating the origin of the primary com- 

municating ramus from the origin of this secondary tract gradu- 

ally decreases until the two tracts come into close proximity and 

finally fuse with each other. The secondary tract is not carried 

forward along the spinal nerve-trunk, but the primary communi- 

cating ramus is crowded backward somewhat. This is probably 

due to the formation of the coelom and of the Wolffian bodies. 

The angle between the primary communicating ramus and the 

proximal part of the spinal nerve, which in the early stages is an 

obtuse angle, has now become an acute angle. At the close of the 

twentieth day of incubation the primary communicating ramus 

and this secondary tract have come to lie in such close proximity 

with each other that in some instances they can no longer be dis- 

tinguished as separate tracts. 

That the origin of the communicating ramus 1s actually shifted 

proximally along the spinal nerve-trunk is shown bythe curve in 

the accompanying figure (fig. 5). This curve is based on actual 

measurements of the interval between the origin of the ventral 

nerve-root and the origin of the primary communicating ramus 

in successive stages ranging from the thirteenth to the twenty- 

eighth day of incubation. The curve is based on the averages of 

five independent measurements. The figures in the horizontal 
line indicate the number of days of incubation of the embryos; 

the figures in the vertical line indicate the relative length of the 

intervals between the origin of the ventral nerve-roots and the 
origin of the primary communicating rami in embryos at succes- 

sive stages of incubation. This curve shows that the interval 

between the origin of the ventral nerve-root and the origin of the 
primary communicating ramus increases until the close of the 

twentieth day of incubation; then decreases until the close of the 
twenty-second day of incubation, after which it again increases. 

The somewhat abrupt descent in this curve which occurs between 

the twentieth and the twenty-third day of incubation, doubtless, 
indicates an actual proximal displacement of the origin of the pri- 

mary communicating ramus along the spinal nerve-trunk. 
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The accompanying diagrams (figs. 6 and 7) have been intro- 

duced to illustrate successive stages in the process by which the 

primary communicating rami are shifted proximally along the 

spinal nerve-trunks until they fuse with the secondary tracts 

growing mesially from the proximal parts of the spinal nerves. 

After the twenty-fourth day of incubation but a single tract 

may be recognized connecting the sympathetic anlage with the 

Fig. 5 Curve designed to indicate the relative length of the intervals between 

the origin of the ventral nerve-root and the origin of the primary communicating 

ramus in embryos of Thalassochelys caretta in successive stages of development. 

For explanation see text. 

spinal nerve. This tract is distinctly fibrous, but still contains 

numerous accompanying cells. Most of the cells present in the 

communicating rami in these later stages, doubtless, have wan- 

dered out from the spinal ganglia. There is no longer any evi- 

dence of the peripheral migration of cells from the ventral part of 

the neural tube, except as an individual cell occasionally passes 

through the external limiting membrane. 

The development of the sympathetic trunks in embryos of 

the turtle proceeds comparatively slowly. After cells cease to 
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migrate peripherally from the cerebro-spinal nervous system the 

anlagen of the sympathetic trunks assume more definite propor- 

ee 
2. 

Fig. 6 Diagrammatic transverse section through the trunk region of a twenty- 

day embryo of Thalassochelys caretta. Ao., aorta; C.R., communicating ramus; 

Ne., notochord; S.C.R., secondary cellular tract from spinal nerve to sympathetic 

anlage; Sp.G., spinal ganglion; Sp.N., spinal nerve; Sy., anlage of sympathetic 

trunk; V.N.R., ventral nerve-root. 
Fig. 7 Diagrammatic transverse section through the trunk region of a twenty- 

four day embryo of Thalassochelys caretta. Ao., aorta; C.R., communicating 

ramus; Ne., notochord; S.C.R., secondary cellular tract from spinal nerve to 

sympathetic anlage; Sp. G., spinal ganglion; Sy., anlage of sympathetic trunk; 

V.N.R., ventral nerve-root. 

tions, but the sympathetic ganglia do not appear as compact and 

definitely limited cell-aggregates until development has advanced 
for a considerable period after this stage is reached. 
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The breaking up of the anlagen of the sympathetic trunks, the 

formation of secondary cellular tracts extending from the proxi- 

mal parts of the spinal nerves into the sympathetic anlagen, and 

the proximal shifting of the origin of the communicating rami 

along the spinal nerve-trunks above described, which are so con- 

spicuous in embryos of the turtle, in all probability, represent a 

condition which is characteristic of reptiles and which has phylo- 

genetic significance. 

His, Jr., (97) called attention to the fact that in the chick two 

pairs of sympathetic trunks arise in the course of ontogeny. These 

he has designated as the ‘primary’ and the ‘secondary’ sym- 

pathetic trunks. In my work on the development of the sympa- 

thetic nervous system in birds,’ I was able to substantiate this 

observation of His, Jr. The primary sympathetic trunks in the 

chick arise about the beginning of the fourth day of incubation, 

as a pair of cell-columns lying along the sides of the aorta and along 

the dorsal surfaces of the carotid arteries. The anlagen of the 

secondary sympathetic trunks arise about the beginning of the 

sixth day of incubation, as ganglionic enlargements on the median 

sides of the spinal nerves. The cells giving rise to both the pri- 

mary and the secondary sympathetic trunks migrate peripher- 

ally from the spinal ganglia and from the ventral part of the neural 

tube along the paths of the spinal nerves. In the early stages some 

of the cells advancing peripherally along the paths of the spinal 

nerves deviate from the course of the latter and wander toward the 
lateral surfaces of the aorta where they become aggregated to give 

rise to the primary sympathetic trunks. A little later the cells 

advancing peripherally no longer wander toward the aorta, but 
become aggregated at the median sides of the spinal nerves to 
give rise to the anlagen of the secondary sympathetic trunks. 

As development advanees and the communicating rami grow 
mesially the entire cell-aggregates constituting the anlagen of the 

secondary sympathetic trunks are displaced toward the aorta at 

the distal ends of the growing communicatingrami. Asthesecond- 

> The development of the sympathetic nervous system in birds. Jour. Comp. 

Neur. Psych., vol. 20, no. 4, pp. 283-308. 
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ary sympathetic trunks increase in size and prominence the pri- 

mary sympathetic trunks decrease until they finally disappear. 

The phenomena above described in embryos of the turtle are of 

peculiar interest in view of the phenomena involved in the devel- 

opment of the sympathetic trunks in the chick. In embryos of 

the turtle, as in the chick, the earliest traces of the sympathetic 

trunks are found along the lateral surfaces of the aorta. In em- 

bryos of the turtle these formations do not give way completely 

to secondary formations, as is the case in the chick, but early 

break up to become aggregated once more during the later stages 

of development. Again, in embryos of the turtle, cells do not 

become aggregated at the median sides of the spinal nerves to form 

ganglionic enlargements, as is the case in the chick, but deviate 

from the course of the spinal nerves proximal to the origin of the 

communicating rami and advance in irregular cellular tracts 

toward the anlagen of the sympathetic trunks. In short, the phe- 

nomena involved in the development of the sympathetic trunks in 

the turtle seem to represent a generalized prototype of what has 

become a highly specialized condition in birds. This does not 

mean, however, that the sympathetic nervous system in turtles is 

the direct ancestral type of the highly specialized sympathetic 

nervous system in birds. The sympathetic nervous system in 

turtles is, doubtless, a specialization of a still more generalized 

type in the ancient reptiles. The points of correspondence which 

have been pointed out, however, seem to warrant the conclusion 

that the sympathetic nervous system in birds bears a more or less 

direct phylogenetic relationship to the sympathetic nervous sys- 

tem in the ancestral type of reptiles. 

b. Histogenetic relationships. In my earlier papers I have 

shown that the cells which migrate peripherally from the cere- 

bro-spinal nervous system in embryos of mammals and of birds 

are the descendants of the ‘germinal’ cells (Keimzellen) of 

His; viz, the ‘indifferent’ cells and the ‘neuroblasts’ of Schaper. 

They have the same genetic relationships, therefore, as the cells 

which give rise to the neurones and to the neuroglia cells in the 

central nervous system. The great majority of the cells which 

migrate peripherally from the spinal ganglia and from the ventral 
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part of the neural tube in embryos of the turtle also answer to the 

description of the ‘indifferent’ cells of Schaper. They are char- 

acterized by very little cytoplasm and by large rounded or elon- 

gated nuclei showing a delicate chromatin structure. In the sym- 

pathetic anlagen some of these cells early develop protoplasmic 

processes and may, therefore, be recognized as neuroblasts. 

Although neuroblasts have not infrequently been observed in the 

spinal and in certain of the cranial nerves in vertebrate embryos, 

I was not able to observe cells with distinct protoplasmic processes 

along the paths of migration of the cells giving rise to the sympa- 

thetic nervous system in embryos of the turtle. 

The great majority of the cells present in the mantle layer in the 

neural tube in embryos of the turtle answer to the description 

given above for the cells which migrate peripherally. There can 

be no doubt, therefore, that the cells which take part in the devel- 

opment of the sympathetic trunks have the same genetic relation- 

ships as the cells which give rise to the neurones and to the neu- 

rolgia cells in the central nervous system. Mitotic figures in 

their various phases occur frequently all along the paths of 
migration and in the sympathetic anlagen. We are not to sup- 

pose, therefore, that all the cells taking part in the development 

of the sympathetic trunks actually migrate as such from their 

sources in the cerebro-spinal nervous system. Doubtless, many 

arise bythe mitotic division of ‘indifferent’ cells along the 

course of migration as well as in the sympathetic anlagen. 

Prevertebral plexuses 

At the close of the eleventh day of incubation of embryos of 

Thalassochelys caretta, after the anlagen of the sympathetic 

trunks have begun to break up and to become somewhat scat- 

tered, cells may be observed wandering ventrally from the anla- 

gen of the sympathetic trunks in the entire region from the 

suprarenals posteriorly. At the close of the thirteenth day, 

these cells have become aggregated into groups of considerable 

size lying along the ventro-lateral aspects of the aorta. These 

cell-groups constitute the anlagen of the prevertebral plexuses. 
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At the close of the sixteenth day of incubation the anlagen of 

the prevertebral plexuses have become more conspicuous, but, 

like the anlagen of the sympathetic trunks, they are composed 

of cell-aggregates which are more or less scattered (fig. 8, P.V.). 

The limits of the anlagen of the several prevertebral plexuses 

eannot be determined at this stage. The cell-aggregates com- 

posing them are scattered to such an extent that traces of one 

or the other of these plexuses are not wanting in any transverse 

section in the entire region from the suprarenals to the poster 
limits of the hypogastric plexus. 

From the seventeenth to the twentieth day of incubation the 
anlagen of the prevertebral plexuses assume more definite pro- 
portions, but many lesser cell-groups still remain more or less 
scattered. In the region of the origin of the iliac arteries, cells 

wander mesially from the anlagen of the sympathetic trunks 

and descend between the iliac arteries to give rise to a wedge 

shaped cell-aggregate lying in the median plane of the body 

just dorsal to the mesentery (fig. 9, S.C. G. ). Insome sections 

the ventral angle of this cell-aggregate projects slightly into the 

mesentery, while a few cells apparently become separated from 

it and wander ventrally toward the rectum. Continuous lines 

of sympathetic cells could not be traced ventrally in the mesen- 
tery, but in many sections in this region groups of nervous ele- 

ments may be observed in the tissues associated with the walls 

of the rectum (fig. 9,8. C.R.). This process of migration of cells 
from the anlagen of the prevertebral plexuses in the posterior 

region of the body toward the rectum, doubtless, begins at an 

earlier stage. I was not able, however, to observe distinct 
groups of nervous elements associated with the rectum until 
about the nineteenth or the twentieth day of incubation. 

In the earlier paper referred to above the writer traced the 
origin of the ganglion of Remak in the chick to cells which mi- 

grate ventrally from the anlagen of the hypogastric plexus. 

The ganglion of Remak in the chick is a conspicuous cell-column 

more or less circular in transverse section lying in the mesentery 

just dorsal to the rectum. Furthermore, the suggestion was 

offered that the ganglion of Remak may have its prototype in 
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Fig. 8 Transverse section through the anlage of the sympathetic trunk and 

the genital ridge in an embryo of Chelydra serpentina 10 mm. in length. X 210. 

Ao., aorta; G.P., anlage of genital plexus; G.R., genital ridge; P.V., anlage of 

prevertebral plexus; Sy., anlage of sympathetic trunk. 
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the aggregates of sympathetic cells associated with the rectum 

in embryos of reptiles. In view of the probable phylogenetic 

relationship which has already been pointed out between the 

Fig.9 Diagrammatic transverse section through the iliac arteries and the rec- 
tum in a wenty-day embryo of Thalassochelys caretta. J.A., iliac arteries; Mes., 
mesentery; #., rectum; S.C.G., sympathetic cell-aggregate dorsal to the mesen- 
tery; S.C.R., sympathetic cells associated with the rectum. Sy., anlage of sym- 
pathetic trunks; P.V., anlage of prevertebral plexus. 

sympathetic nervous system in reptiles and in birds, it is 

highly probable that the sympathetic cell-aggregates associated 
with the rectum in turtles are not far removed from the ances- 
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tral type of the ganglion of Remak which is so enormously de- 

veloped in the avian branch of the vertebrate series. 

Genital plexuses 

In embryos of Thalassochelys caretta from the sixteenth to 

the twentieth day of incubation or in embryos of Chelydra ser- 

pentina about 10 mm. in length, cells may be traced ventrally 

along the median sides of the Wolffian bodies to the lateral sur- 

faces of the genital ridges (fig. 8, G. P.), where they become aggre- 

gated to give rise to the genital plexuses. The conditions here 

described agree with the conditions described by Held in embryos 

of Emys europea. 

Vagal sympathetic plexuses 

a. Introductory. In my earlier papers I have shown that in 

mammals and in birds the sympathetic plexuses related to the 

vagi; viz., the cardiac plexus and the sympathetic plexuses in 

the walls of the visceral organs, do not arise from cells which 

migrate ventrally from the sympathetic trunks and from the pre- 

vertebral plexuses, as the earlier investigators believed, but have 

their origin in cells which migrate from the vagus ganglia and 

from the walls of the hind-brain along the paths of the vagi. Be- 

cause of the genetic relationship of these plexuses to the vagi, 

I have designated them as the ‘vagal sympathetic’ plexuses.‘ 

More recently I have traced the cells giving rise to the sympathetic 

plexuses in the walls of the digestive tube in fishes to the same 
sources. The present series of observations will show that in 

the turtles also the cardiac plexus and the sympathetic plexuses 

in the walls of the visceral organs arise from cells which have 

their origin in the vagus ganglia and in the walls of the hind-brain 
and migrate peripherally along the paths of the vagi. 

b. Myenteric and submucous plexuses. In transverse sections 

through the anterior region of the cesophagus in embryos of 'Thal- 

4The development of the sympathetic nervous system in mammals, p. 230. 

Jour. Comp. Neur. Psych., vol. 20, no. 3, pp. 211-258. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, NO. 3 
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assochelys caretta during the twelfth or the thirteenth day of 

incubation, the vagus trunks appear as conspicuous fiber-bundles 
lying a little above the level of the trachea. In some sections 

short fibrous branches may be traced from the vagus trunks. 

Cells become separated from the vagus trunks and wandering 

out along these fibrous branches escape from their growing tips 

and become arranged in a broken ring encircling the cesophagus 
(fig. 10, M.S.P.). Cells may be observed apparently wandering 

out from the vagus trunks also in sections in which fibrous branches 

Fig. 10 Transverse section through the cesophagus of a thirteen-day embryo 

of Thalassochelys caretta. x 140. M.S.P., anlagen of myenteric and submucous 

plexuses; Oe., cesophagus; 7’., trachea; Vag., vagus nerves. 

are not apparent. At this stage small groups of sympathetic 

cells may be traced completely round the cesophagus dorsally, 

while on the ventral side similar cell-groups may be traced mes- 

ially from the vagus trunks into the area between the cesophagus 

and the trachea where they become lost in the deeply staining 

tissues in that area. The vagus trunks may be traced poste- 
riorly nearly to the stomach, and as far as they may be traced 
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cells wander out from them and become arranged in a broken 

ring encircling the cesophagus. 
At the close of the seventeenth day of incubation the cell-aggre- 

gates in the walls of the cesophagus have become more conspicu- 

ous and the cells composing them more numerous. They are no 

as 

Fig. 11 Transverse section through the region of the heart in a seventeen- 

day embryo of Thalassochelys caretta. < 110. B., bronchi; C.P., anlage of cardiac 
plexus; D.W.A., dorsal wall of atria; Mes., mesentery; M.S.P., anlagen of myen- 

teric and submucous plexuses; Oe., cesophagus; Vag., vagus nerves. 

longer arranged in a single broken ring, but the anlagen of the 

myenteric and the submucous plexuses are becoming more dis- 

tinct (fig. 11, M.S. P.). Branches of the vagi may now be traced 
along the walls of the stomach. From these branches cells may be 

traced laterally in the walls of the stomach until the latter is 
completely encircled by groups of sympathetic cells. 
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The exact course of the development of the myenteric and the 

submucous plexuses in the walls of the intestine is not easily deter- 

mined. Cells apparently migrate posteriorly in the walls of the 

intestine from the anlagen of the myenteric and the submucous 
plexuses in the anterior region of the digestive tube. On the other 

hand, as already indicated, cells migrate ventrally from the an- 

lagen of the prevertebral plexuses in the posterior region of the 

body and become aggregated along the walls of the rectum. There 

is no evidence of the migration of cells from the anlagen of the 
prevertebral plexuses into the walls of the digestive tube farther 

anteriorly until the anlagen of the myenteric and the submucous 

plexuses have become well established. The evidence at hand 

seems to indicate that in the anterior region of the intestine the 
myenteric and the submucous plexuses arise from cells which 

migrate peripherally along the paths of the vagi, while in the pos- 

terior region at least some of the cells taking part in the develop- 
ment of the sympathetic plexuses in the walls of the intestine 

wander down from anlagen of the prevertebral plexuses. 

c. Pulmonary plexuses. In transverse sections through the 

region of the lungs of embryos of Thalassochelys caretta at about 

the fifteenth day of incubation branches of the vagi appear to 

be closely associated with the bronchi as the latter enter the tissues 

of the lungs. Cells wander in along these branches and give rise 

to the anlagen of the pulmonary plexuses. 

d. Cardiac plexus. In transverse sections through the anterior 
region of the heart of embryos at about the seventeenth day of 

incubation the mesocardium lies far to the left. In this region a 

fibrous branch accompanied by numerous cells may be traced 

ventrally from the left vagus trunk into the dorsal wall of the left 
atrium where many of the accompanying cells become aggregated 

to form the anlagen of the cardiac plexus in this region (fig. 12, 

C.P.). Intransverse sections a little farther posteriorly inembryos 

of the same stage the mesocardium lies ventral to the oesophagus. 
In this region fibrous branches accompanied by numerous cells 
may be traced from both the right and the left vagus trunks into the 

dorsal wall of the heart where cells become aggregated to give rise 

to the anlagen of the cardiac plexus in this region (fig. 11, C. P.). 
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e. Histogenetic relationships. The above observations on the 

development of the myenteric and the submucous plexuses, the 

pulmonary plexuses, and the cardiac plexus in embryos of the 

turtle agree essentially with the writer’s observations on the devel- 

opment of these plexuses in embryos of mammals and of birds. 
These plexuses arise from cells which have their origin in the hind- 

brain and in the vagus ganglia and migrate peripherally along the 
paths of the vagi. In sections passing through the vagus rootlets in 

is 

Fig. 12 Transverse section through the anterior region of the heart in the same 

embryo as fig. 1]. x 140. B., left bronchus; C.P., anlage of cardiac plexus; 
L.A., left atrium; D.Vazg., left vagus nerve. 

embryos at about the tenth or the eleventh day of incubation 

medullary cells may be traced from the walls of the hind-brain into 
the rootlets of the vagi (fig. 13, Vag. R.). That such cells wander 

into the vagus rootlets in considerable numbers cannot be 

doubted. In many sections medullary cells are drawn out into 
cone-shaped heaps in the vagus rootlets as they traverse the mar- 

ginal veil. Occasionally one of these cells may be observed half 
in and half out of the external limiting membrane, while numerous 

cells are present in the vagus rootlets just outside the external 
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limiting membrane. The vagus ganglia at this stage appear as 

elongated cell-masses which are not sharply limited distally. Cells 

apparently become separated from their distal ends and migrate 

peripherally along the paths of the vagi. As far as the latter may 

be traced peripherally they are accompanied by numerous cells 

many of which become separated from the vagus trunks and become 

distributed in the walls of the digestive tube to give rise to the 

myenteric and the submucous plexuses, or wander into the an- 

lagen of the other vagal sympathetic plexuses. 

Fig. 13 Sections through vagus rootlets in an eleven-day embryo taken at 

different levels. X 350. E.L.M., external limiting membrane; Vag.R., vagus 

rootlets. 

It may be of interest to note at this point that embryos of the 

turtle afford exceedingly satisfactory preparations for the study 

of the development of the vagal sympathetic plexuses. The cells 

constituting the anlagen of these plexuses are exceedingly numer- 

ous and respond readily to differential stains. In well stained 

preparations the cells giving rise to these plexuses can be traced 

from the vagus trunks with such certainty that there can be no 

doubt as to their genetic relationship. Furthermore, cells can- 

not be traced into the anlagen of these plexuses, except in the 

posterior region of the intestine, from any other source until they 

have become well established. These observations do not pre- 

clude the possibility that a few cells may be transferred from 
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the sympathetic trunks into the anlagen of these plexuses after 

the latter have become connected wih the former by sympathetic 

nerves. Such connections of the vagal sympathetic plexuses with 
the sympathetic trunks must, however, be looked upon as of only 

secondary importance in their development. 

The cells which migrate peripherally from the walls of the hind- 

brain and from the vagus ganglia along the paths of the vagi in 

embryos of the turtle, like the cells which migrate peripherally 

from the cerebro-spinal nervous system in the trunk region, are 

characterized by very little cytoplasm and by large rounded or 

elongated nuclei showing a delicate chromatin structure. They 
are, therefore, cells of the same character; viz., the ‘indifferent’ 

cells of Schaper. Inasmuch as thses cells give rise to the vagal 

sympathetic plexuses, these plexuses also bear a direct genetic 

relationship to the cerebro-spinal nervous system. Mitotic 

figures occur frequently along the paths of the vagi and in the 
anlagen of the vagal sympathetic plexuses. We are nottosuppose, 

therefore, that all the cells which take part in the development 

of the vagal sympathetic plexuses actually migrate as such from 

their sources in the hind-brain and in the vagus ganglia. As in 

the case of the sympathetic trunks, doubtless, many of these 

cells arise by the mitotic division of ‘indifferent’ cells along the 
course of migration. 

DISCUSSION 

The observations set forth in the preceding pages have shown 

that in turtles the sympathetic nervous system bears a direct 

genetic relationship to the central nervous system. The cells 

giving rise to the anlagen of the sympathetic trunks and of the 
prevertebral plexuses have their origin in the spinal ganglia or 

the neural crest and in the ventral part of the neural tube and mi- 

grate peripherally either through the mesenchyme or along the 

paths of the spinal nerves and of the communicating rami. The 

vagal sympathetic plexuses; viz., the cardiac plexus and the sym- 

pathetic plexuses in the walls of the visceral organs, are not de- 

rived from the same sources, but arise from cells which have their 
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origin in the hind-brain and in the vagus ganglia and migrate 

peripherally along the paths of the vagi. These findings agree 

essentially, in regard to the sources of the cells giving rise to the 

sympathetic nervous system, with the writer’s observations on the 

histogenesis of the sympathetic nervous system in mammals, 

birds, and fishes. They disagree widely with all the observations 
hitherto recorded on the development of the sympathetic nervous 

system in reptiles. They disagree also with the observations of the 

earlier investigators on the development of the sympathetic ner- 

vous system in the other classes of vertebrates primarily in two 

particulars: (1) some of the cells which enter the anlagen of the 

sympathetic trunks are found to have their origin in the ventral 
part of the neural tube and to wander out along the paths of the 

motor nerve-roots; (this fact was observed by Froriep (’07) in 

embryos of Torpedo and of the rabbit) ; (2) the vagal sympathetic 

plexuses are found to bear no direct genetic relationship to the 

sympathetic trunks, as the earlier investigators supposed, but 
arise from cells which have their origin in the hind-brain and in the 

vagus ganglia and migrate peripherally along the paths of the 

vagi. 
The phenomena presented in embryos of the turtle may throw 

some new light on the problems involved in the peripheral migra- 

tion of embryonic nervous elements. 

Among the more recent investigators, Froriep (’07) has sug- 

gested that the nerve-fibers constitute the vehicles by means of 

which nervous elements are carried peripherally. According to 

his view the peripheral displacement of these cells is accomplished 

either by the growth of the axones alone or by the growth of the 

axones coupled with the active migration of the cells along the 

fibers. Held (09) advanced the theory that the ‘so called’ 

wandering of the sympathetic anlagen is brought about by the 
pressure which is exerted by the mitotic division of proliferating 

elements in an elongating cell-column, coupled with the formation 

of peripheral protoplasmic processes which are endowed with the 

property of contractility and must, therefore, exert a pull in a 

longitudinal direction as soon as osmotic influences act upon their 

growing substance. 
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In a recent paper on the development of the sympathetic 

nervous system in certain fishes,’ I have shown that neither of these 

theories are adequate to account for the phenomena observed. 

Furthermore, I have presented evidence in support of the view 

that the peripheral migration of cells from the cerebro-spinal ner- 
vous system into the sympathetic anlagen is probably determined 

by the influence ofsubstances, hormones, which are produced by 

the cells in the richly nourished regions which are to become their 

ultimate destination. 
As already indicated, before the spinal nerves may be traced 

peripherally in embryos of the turtle cells become separated from 

the distal ends of the spinal ganglia and migrate diagonally through 

the mesenchyme toward the lateral surfaces of the aorta. Fibers 

are not present along these paths nor are the cells closely aggre- 

gated. Thereseemstobeno purely mechanical means, therefore, by 

which these cells could be carried forward or by which they could 

be guided in their course. During the later stages of development, 

as has also been shown, cells deviate from the course of the spinal 
nerves before reaching the origin of the communicating rami and 

advance by a more direct course toward the anlagen of the sym- 
pathetictrunks. In thiscase the cells are usually more or less closely 

aggregated, thus forming distinct cellular tracts which advance 

mesially from the spinal nerves. Mitotic figures occur along these 

tracts, but they are not sufficiently numerous to account either 

for the rapid increase in the number of cells present or for their 

advancement toward the sympathetic anlagen. We must con- 

clude, therefore, that cells are actually displaced from the spinal 

nerves toward the sympathetic anlagen along these cellular tracts. 

In these later stages, as in the stages in which the spinal nerves can 
not yet be traced peripherally, there is apparently nothing in the 

structure of the mesenchyme which might determine the course 
of the peripherally advancing nervous elements. 

The phenomena above described seem to support the view that 

the peripherally advancing nervous elements are attracted toward 

the regions in which the sympathetic anlagen arise by the influ- 

5 Jour. Comp. Neur. Psych., vol. 21. 
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ence of substances, hormones, which are produced in those regions. 

Furthermore, the form-changes of the nuclei of the migrant cells 

indicate that these elements play more than a passive role in their 

peripheral advancement. All along the paths of migration, both 

in the nerve-trunks and in the cellular tracts passing through the 

mesenchyme, many of the nuclei are distinctly elongated, while in 

the sympathetic anlagen they resume a more rounded outline. 

Not infrequently these migrant cells present evidence of amoeboid 

movement. In some instances the nuclei are irregular in outline, 
while in still others they are distinctly pyriform with the broader 

end directed peripherally. These variations in the form of the 

nuclei of these migrant nervous elements, doubtless, indicate 

the presence of processes going on within the cells which play a 

part in their peripheral advancement and which are probably 

stimulated by the influence of the same agents which determine the 

direction of migration. 

The phenomena observed in the development of the vagal! sym- 

pathetic plexuses indicate that the peripheral migration of the 

cells giving rise to these plexuses is determined by the same in- 

fluences which determine the peripheral migration of the cells 

giving rise to the sympathetic trunks. The cells which become 

distributed in the walls of the digestive tube to give rise to the 

anlagen of the myenteric and the submucous plexuses wander out 
from the vagus trunks and become aggregated into small cell- 

groups which are more or less closely associated with each other, 

but many of which, in the early stages, are quite free from nerve- 

fibers. The distribution of these cells cannot be explained by the 

purely mechanical processes involved in growth or by osmotic 

influences. If, however, we assume that the location of these 

cell-groups is determined by the influence of hormones which are 

produced by the cells in the walls of the digestive tube the problem 

becomes very simple. Likewise, the cells which wander into the 
walls of the heart to give rise to the cardiac plexus are not com- 

pactly aggregated in the early stages, nor are they always found in 

contact with nerve-fibers. Here again the problem becomes simple 

if we assume that sympathetic cells are attracted toward the heart 

by the influence of hormones which are produced in that region. 
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It may be pointed out, furthermore, that the theory advanced 

above may be applied to the peripheral migration of the cells giving 

rise to the vagal sympathetic plexuses as well as of the cells giving 

rise to the sympathetic trunks. In either case the direction of 

migration is toward a region in which there is an abundant food 
supply and which is the seat of primary vegetative processes. In- 

asmuch as the sympathetic nervous system is concerned primarily 

with the control of the purely vegetative functions we may suppose 

that the sympathetic elements respond primarily to the influence 

of hormones which are produced in these regions. 

As has already been pointed out, the cells which migrate pe- 

ripherally from the cerebro-spinal nervous system have the same 

genetic relationships as the cells which give rise to the neurones 

and to the neurogla cells in the central nervous system. The sym- 

pathetic nervous system is, therefore, homologous with the other 

functional divisions of the peripheral nervous system and the sym- 

pathetic neurones are homologous with their afferent and their 

efferent components. 

SUMMARY 

1. In embryos of the turtle the anlagen of the sympathetic 

trunks arise as cell-aggregates lying along the lateral surfaces 

of the aorta and along the dorsal surfaces of the carotid arteries. 

The cells which give rise to the anlagen of the sympathetic trunks 

have their origin (a) in the spinal ganglia or in the neural crest and 

(b) in the neural tube. Before the spinal nerves may be traced 

peripherally, cells advance from the distal ends of the spinal 

ganglia, directly through the mesenchyme, into the anlagen of the 
sympathetic trunks. After the spinal nerves have grown peripher- 
ally, cells migrate from the spinal ganglia and from the ventral 

part of the neural tube along the paths of the spinal nerves and of 

the communicating rami into the anlagen of the sympathetic 

trunks. These findings agree, in regard to the sources of the cells 

giving rise to the sympathetic trunks, with the writer’s observa- 

tions on the histogenesis of the sympathetic trunks in mammals, 

birds, and fishes. They disagree with the findings of the earlier 

investigators, except those of Froriep, primarily in the fact that 
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cells which wander out from the ventral part of the neural tube 

take part in the development of the sympathetic trunks. 

2. About the eleventh day of incubation the anlagen of the 

sympathetic trunks begin to break up and to become more or less 

scattered. This scattering continues for a considerable period 
until the cell-groups again become aggregated into compact 

ganglia. 

3. About the thirteenth day of incubation cell-strands push 

out from the spinal nerves proximal to the origin of the communi- 

cating rami and advance toward the aorta. These cell-strands 

increase in size and advance mesially until at the close of the six- 

teenth day they appear as irregular cellular tracts extending from 

the spinal nerves into the anlagen of the sympathetic trunks. 

4. As development advances, the primary communicating 

rami are shifted proximally along the spinal nerve-trunks until 

they fuse with the cellular tracts extending from the proximal 

part of the spinal nerves into the anlagen of the sympathetic 
trunks. 

5. A comparative study of the development of the sympathetic 

trunks in embryos of the turtle and in the chick strongly suggests a 

more or less direct phylogenetic relationship between the sympa- 

thetic nervous system in birds and in the ancestral type of reptiles. 

6. The prevertebral plexuses arise as cell-aggregates lying 

along the ventro-lateral aspects of the aorta. They are derived 

from cells which migrate ventrally from the anlagen of the sym- 

pathetic trunks. 

7. In the sacral region, cells may be traced ventrally from the 

anlagen of the prevertebral plexuses into the mesentery where 

they become aggregated into small cell-groups associated with the 
rectum. These sympathetic cell-groups probably represent the 
prototype of the ganglion of Remak in birds. 

8. In the region of the genital ridges cells migrate ventrally 

from the anlagen of the prevertebral plexuses and become aggre- 

gated at the lateral surfaces of the former to give rise to the genital 

plexuses. 

9. The vagal sympathetic plexuses; viz., the cardiac plexus and 

the sympathetic plexuses in the walls of the visceral organs, arise, 
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not from cell which migrate ventrally from the sympathetic 

trunks, as earlier workers supposed, but from cells which have 

their origin in the hind-brain and in the vagus ganglia and mi- 

grate peripherally along the paths of the vagi. The results here 
recorded agree with the writer’s observations on embryos of mam- 

mals, birds, and fishes. 

10. The phenomena presented in embryos of the turtle afford 

evidence in favor of the view advanced by the writer in an earlier 

paper, according to which the peripheral displacement of the cells 

taking part in the developmentof thesympathetic nervous system 

is probably determined by the influence of hormones. 

11. In turtles, as in the higher vertebrates, the cells which 

migrate peripherally from the cerebro-spinal nervous system into 

the sympathetic anlagen have the same genetic relationships as 

the cells which give rise to the neurones and to the the neuroglia 

cells in the central nervous system. The sympathetic nervous 

system is, therefore, homologous with the other functional divi- 

sions of the peripheral nervous system, and the sympathetic 

neurones are homologous with their afferent and their efferent 

components. 
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INTRODUCTION 

The term ‘pineal region’ is used here in the same sense in 
which it was introduced by Minot in the morphology of this 

region in Acanthias, and refers to those structures arising from 

the roof of the prosencephalon and diencephalon, particularly the 

paraphysis, velum transversum, epiphysis, superior and poster- 

ior commissures and the choroid plexuses. This paper is the 

fifth one on this region based on studies from material in the Har- 

vard Embryological Collection and the observations were made 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, NO. 4 

MAY, 1911 



314 JOHN WARREN 

on various forms of lizards, Lacerta muralis, agilis and viridis, and 

also on the turtle, Chrysemys marginata. The other papers were 

the following: 1. C. 8. Minot. The Morphology of the Pineal 

Region based on its Development in Acanthias, 1901. 2. F. 

Dexter. The Development of the Paraphysis in the Common 

Fowl, 1902. 3. J. Warren. The Development of the Paraphysis 
and Pineal Region in Necturus maculatus, 1905. 4. R. J. Terry. 

The Morphology of the Pineal Region in Teleosts, 1910. As a 

great deal has been written on the details of this region, especially 

in the lacertilia, it seemed desirable to consider the growth of 

the structures arising from this part of the brain rather from the 

standpoint of topographical development, and with this end in 

view wax reconstructions of the fore and mid brain of each stage 

have been made. Owing to the amount of material available in 

the Harvard Embryological Collection, a more complete series 

of stages of the complicated development of this region can be 
shown than has been described heretofore. The reconstructions 

display the structure of this region better than ordinary sections 

and also demonstrate more clearly the topography of this part of 
the brain. 

DESCRIPTION 

Lacertilia 

The observations were made on specimens of Lacerta muralis 
agilis, and viridis. The models are magnified 110 diameters. 

Fig. 1 is a model of a part of the brain of an embryo of Lacerta 

muralis of 1.8 mm. <A groove marks the limit between the pros- 

encephalon, P., and the mesencephalon, M@. The stalk of the 

optic vesicle appears on the lateral aspect of the prosencephalon 

and there is as yet no sign of any further subdivision of the fore 
brain. . 

Fig. 2 is a model of the left half of the brain of Lacerta muralis 

of 2mm. Here a slight angle, V, is seen in the roof of the fore 
brain which is the anlage of the velum and marks the sub-divi- 

sion of the fore brain into telencephalon, 7’, and diencephalon, 

I.DandJI.D. There isa slight ridge passing downward from the 
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velum and ending behind the optic stalk, O.S. That part of the 

brain cephalad to this ridge is the first segment of the fore brain or 

the telencephalic neuromere of Kupffer. The roof of this segment 

forms a slight arch in front of the velum. This is the beginning of 

the paraphysal arch, P. A., from which the paraphysis will develop 

at a later stage. The optic vesicle grows out from the ventro-lat- 

eral wall of this segment. Behind the velum the roof of the dien- 

’ cephalon forms a slight curve ending at a small but very distinct 

arch, S. This division of the roof, belongs to the second segment of 

the fore brain or the first diencephalic segment, [.D. The segment 

is limited cephalad by the ridge passing from the velum to the 

optic stalk, and caudad by a slight ridge passing from the cephalic 

end of the small arch mentioned above to the habenular angle, 

or flexure, H. F., at the base of the brain. This segment is Kupf- 

fer’s (57) parencephalic neuromere, or parencephalon, and from 

its roof will develop later the post velar arch, epiphysal arch, and 

the superior commissure. Between this segment of the dienceph- 

alon and the anterior end of the mid brain we have a short seg- 

ment, the roof of which forms the short, well-defined arch S. 

This subdivision lies between the ridge forming the caudal limit 

of the first diencephalic segment and the dorsal groove and lat- 

eral ridge marking the cephalic limit of the mid brain, and is the 

second diencephalic segment, Kupffer’s (57) ‘Synencephales 

Neuromer des Diencephalon,’ or synencephalon, J/.D. Its 

roof will form that part of the diencephalon lying between the 

epiphysis and the mid brain. The posterior commissure will 

develop in the caudal end of this region, and eventually occupy 

all of it. The ridges which separate the three segments of the 

fore brain appear as grooves on the outer surface. At the pres- 

ent stage, therefore, we have the three sub-divisions fairly well 

defined, but of the structures that develop from the roof of each 

division we recognize only the anlage of the velum. It should be 

noted, however, that the roof of the second diencephalic segment 

at this stage is very well defined, and is therefore one of the earli- 

est portions of the roof of the fore brain to be «clearly differen- 

tiated. 
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Fig. 3 is from a similar model of the brain of Lacerta muralis 

of 2.4mm. The velum forms a more striking angle in the roof 

and is now prolonged into a very distinct ridge passing behind 

the optic stalk to a thickening in the floor of the diencephalon. 

The paraphysal arch, P. A., is now distinct. It curves forward 

and upward in front of the velum to form the roof of the telen- 

cephalon and passes into the upper end of the lamina terminalis, 

L. T., but there is no sign yet of the paraphysis. Behind the 

velum is the post velar arch, P. V. A., ending at another low arch 

or thickening in the roof, #. A., which is the beginning of the epi- 

physal arch. Both arches therefore develop from the roof of the 

first diencephalic or parencephalic segment, J. D. Behind the 

epiphysal arch is the last segment of the diencephalic roof, form- 

ing a distinct arch, S. The lateral ridges bounding this second 

diencephalic segment (synencephalon), //.D., are now more clearly 

shown than in the preceding stage. We have here a series of 

primary arches in the roof of the fore brain, each of which is devel- 

oped from one of the three subdivisions of the fore brain;—the 

paraphysal arch from the telencephalic, the post velar arch and 

epiphyseal arch from the first diencephalic, and the intercalated 

or synencephalic arch from the second diencephalic segment. 

Fig. 4 is a lateral view of fig. 3 and shows clearly the subdivi- 

sions of the fore brain and the grooves separating them that cor- 

respond to the internal ridges seen in fig. 3. At the ventro-lateral 

part of the telencephalon, 7’, is the optic stalk lying cephalad to the 

groove V, which corresponds to the velum and separates the tel- 

encephalon from the parencephalon of first diencephalic segment, 

I. D. A well defined groove separates the first diencephalic 
segment from the synencephalon or second diencephalic segment, 

II. D., which in turn is bounded caudad by another groove sepa- 

Paine it from the mid brain. . 

Fig. 5 shows the brain of Lacerta agilis of 2.4 mm. Here we 

have all the details of the previous stages rather more clearly 

marked, but the beginning of the pineal organ, /., is now seen 

as a sliptih diverticulum gr owing from the epipheeal arch, #. A., 

aaa 
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Fig. 6 shows the brain of Lacerta muralis of 3.2 mm. In the 

paraphysal arch three small evaginations, P, have made their 

appearance, which represent the anlagen of the paraphysis. 

The velum is seen at the sharp angle immediately behind the 

third evagination, and extending backward from that point is 

the post velar arch, forming a well marked curve in the dience- 

phalic roof. There are now two pineal evaginations with a sort 

of common opening into the diencephalon. The larger or ce- 

phalic outgrowth corresponds tothat seen in fig. 5 andisthe anlage 

of the future pineal eye, P. HE. This will break away from the 

other vesicle and migrate eventually to the parietal foramen. 

The smaller or caudal outgrowth is really secondary and has de- 

veloped immediately behind the former. This will be the future 

epiphysis, #., and will always be attached to the roof of the dien- 

cephalon. We have here, I think, without doubt two distinct 

vesicles, but they lie so close together that as they develop and 

enlarge the wall between them is pushed dorsally so that we have 

a common opening for the two into the diencephalon. Behind 

the epiphysis in this specimen the intercalated arch has been 

flattened out and is not well marked. 

Fig. 7 shows the brain of Lacerta agilis of 3.6 mm. In this 

case there is only one paraphysal outgrowth and there is probably 

a considerable variation in the number of the primary paraphysal 

outgrowths in different forms and stages of lacerta. The velum 

appears as a sharp angle in the roof and is continued laterally into 

a well marked ridge projecting into the brain cavity. Anterior 

to this ridge the hemisphere is now very well developed, with the 

deep opening of the optic stalk just inferior to it. The post velar 

arch is essentially the same as in the preceding figure. The two 

outgrowths, the future pineal eye and the epiphysis, are seen 

from the outside and of the two the cephalic is much larger than 

the caudal. Their internal arrangement and opening into the 

diencephalon is practically the same as in fig. 6, the separation 

between the two vesicles being more marked, however. 

Fig. 8 shows the brain of Lacerta muralis of 4.5 mm. Here 

again there are three well marked primary paraphysal outgrowths 

‘in essentially the same position as in fig. 6. The velum appears 
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as an angle in the roof, and behind it the post velar arch forms a 

very striking dome in the diencephalic roof. The separation 

between the two pineal outgrowths is more marked than in the 

preceding stages, and a median section would show that the 

future pineal eye is now nearly separated from the epiphysis. 

Caudad to it is the pars intercalaris (synencephalic arch), S, 

which has now been invaded in its caudal part by the beginning 

of the posterior commissure, P. C. It can be seen that this com- 

missure lies almost entirely in this part of the diencephalic roof 

and does not extend backward beyond the dividing line between 

diencephalon and mesencephalon. It would therefore appear as 

if this commissure belongs—at this early stage at least—to the 

diencephalon, and that it invades the mesencephalon only at a 

later period of development. At this stage we have several new 

structures developing from the primary arches in the roof of the 
three subdivisions of the fore brain: the paraphysis arising from 

the paraphysal arch in the roof of the telencephalic; the epiphy- 

sis and pineal eye from the epiphysal arch in the roof of the first 

diencephalic; and the posterior commissure in a part of the roof 

of the second diencephalic segment. Further changes will con- 

sist in the appearance of the telencephalic or lateral choroid 

plexus from the telencephalic segment and the diencephalic 

plexus and superior commissure from the first diencephalic segment. 

The posterior commissure will eventually occupy all the roof of 

the second diencephalic segment. 

Fig. 9 shows the brain of Lacerta muralis of 5mm. A very 

marked increase in the development of all parts is apparent. 

The paraphysis is now a large vesicle with a wide mouth and at 

its apex are two distinct outgrowths while near its base, on the pos- 

terior side, isa third. Its general inclination is upward and back- 

ward, tending to follow the curve of the post velar arch. The 

velum is not as sharply marked as in the earlier stages and forms 
rather a wide angle. The post velar arch occupies the greater 

part of the roof of the diencephalon, forming a high, wide dome, 

the brain roof here being extremely thin and formed only by a 

single layer of cells. The pineal eye, P. #., is now a rounded ves- 
icle, completely separated from the epiphysis, H’p., but is, how- 
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ever, still in close contact with it and with the brain roof. The 

epiphysis itself is of oblong shape and its opening still communi- 

cates with the cavity of the diencephalon. The posterior com- 

missure does not occupy all of the roof of the synencephalon and 

there is still a distinct interval between it and the epiphysis. 

The greater part of this tract, however, lies in the diencephalon. 

but its hinder end is beginning to overlap onto the mesencephalon 

and blend with the outer layers of its wall. In fact, from this 

stage on, the posterior limits of the commissure become more and 

more diffuse and are indicated arbitrarily in the following models. 

Fig. 10, Lacerta muralis of 17.5 mm. The growth of the pa- 

raphysis is very striking. It is now a large rounded tube ending 

in three distinct tubules and following the direction of the post 

velar arch, against which it is closely moulded. The opening of 

the organ is much smaller than in the previous stage and lies 

immediately anterior to the velum. It seems probable that all 

the primary anlagen—one, two or three, as the case may be— are 

eventually taken up and absorbed into one large tube. It is 

conceivable that the three terminal tubules here may represent 
three primary outgrowths. This must naturally be merely a 

matter of conjecture, and probably individual cases vary too 

much to make any such comparisons of real value. One does 

not see the velum becatise it is covered up by the anlage of the lat- 

eral choroid plexus, L.C.P. If the plexus were removed from the 

model, the velum would appear about as it does in fig. 9. This 

is the earliest stage in which I have been able to identify the plex- 

uses of the lateral ventricles. They develop from the roof of 

the telencephalon anterior and lateral to the paraphysis and in- 

vaginate the dorso-mesial wall of the hemisphere, see fig. 25, 
Chrysemys marginata, where the relations are essentially the 

same. They show already a tendency to form little villus-like 

projections and are the first of the plexuses to make their appear- 

ance. The post velar arch has increased in height as well as 

antero-posteriorly, forming now a high dome-like roof to the 

diencephalon, with a deep recess at its postero-superior part. 
The shape and relative extent of the post velar portion of the 

diencephalon at this stage should be carefully noted. Until now 
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this part of the roof has grown steadily upward and backward 

so as to form a large sac-like enlargement, and the distance 

between the velum and the opening of the epiphysis has contin- 

ually increased. After this stage we shall find a tendency for 

these two points to approch each other, causing very striking 

alterations in the shape and relations of the various parts of the 

roof of the diencephalon. As an apparent result of this exces- 

sive enlargement of the hinder part of the post velar arch, the 

epiphysis has been pushed somewhat backward. It forms a long, 

hollow tube with still a very narrow communication with the 

cavity of the diencephalon. The pineal eye has shifted dorsally 

and is still almost in contact with the tip of the epiphysis, but is 

separated by a considerable interval from the top of the post 

velar arch. There is present a new structure—the superior com- 

missure, S. C. —which appears considerably later than the pos- 

terior. It lies in its characteristic position immediately anterior 

to the opening of the epiphysis, which separates it from the pos- 

terior commissure. The latter is greatly increased in size and is 

in contact with the posterior aspect of the epiphysis, occupying 

now all of that segment of the diencephalic roof caudad to the 

epiphysis. It has also extended backward well into the mid 

brain and its hinder end is so blended with the outer layers of the 

wall that one cannot well give it any definite limit. Noteworthy 

is the marked increase in the size of the mid brain, the roof of 

which now tends to roll somewhat forward toward the epiphysis. 

Asa result of this, and also of the backward development of the 

post velar arch, the posterior commissure issomewhat compressed, 

and an angle is formed at about its middle, dividing it in a general 

way, into an anterior part in relation to the diencephalon and a 

posterior part in relation to the mid brain. 

Fig. 11 shows the brain of Lacerta muralis of 26 mm. Here 

the paraphysis is larger, its outline is rather irregular and it is 

growing farther backward toward the epiphysis and pineal eye. 

The relation of the organ to the surrounding veins is well shown in 

the model. <A large vessel—the superior sagittal sinus, S. S. S. 

—lies between the two hemispheres. The paraphysis as it devel- 

ops grows into the small veins which are the anlagen of this big 
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vessel and is at this stage almost completely surrounded by the 

sinus which has expanded and been more or less broken up to 
enclose it. This shows a very intimate relation between the pa- 

raphysis and these veins, the walls of the paraphysis lying in close 

contact with the cells in the walls of the veins. This big sinus 

is still further broken up into a very complicated net-work of 

smaller vessels over the top of the post velar arch which were so 
small and irregular that no attempt was made to model them. 

These vessels at a later stage share in the formation of the choroid 

plexus which develops by the infolding of the top of the arch. 

On reaching the epiphysis the vascular net-work surrounds that 

structure closely and behind it becomes concentrated into a large 

single median vessel overlying the mid brain. The epiphysis 

and pineal eye are practically the same as in figure 10, but their 

increased caudal inclination is probably due to some distortion 

of the model at this point. The recess in the upper dorsal aspect 

of the post velar arch is very marked above the superior com- 
missure and is, I think, somewhat exaggerated by the distortion 

mentioned above. The posterior commissure is steadily increas- 

ing in size and the angle between its two parts is becoming more 

marked. The position of its anterior part and that of the superior 

commissure with reference to the habenular flexure at the base 

of the brain and also the position of the hinder end of the mid 

brain, /., should be noted and compared with the previous figure, 

fig.10. There the two commissures and the opening of the epiphy- 

sis lie directly over this flexure, and the caudal limit of the mid 
brain is approximately on a plane with the optic commissure, O. C. 

In fig. 11 the walls of the mid brain are greatly thickened, the 

cavity much reduced in size, and the whole of this part of the brain 

has shifted upward and forward so that its caudal limit is now 

on a plane much above the optic commissure. The anterior end 

of the posterior commissure and the superior commissure, to- 
gether with the stalk of the epiphysis, are carried forward so as to 

lie over the hypophysis, H. This change in position of the mid 

brain has tended to compress the roof of the diencephalon, as 
shown by the appearance of a marked angle in the post velar arch. 

The choroid plexus of the lateral ventricle, L. C. P., is represented 
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by a large irregular ingrowth from the mesial wall of the hemi- 

sphere, its long axis extending vertically. The direction of the 

hemisphere has also changed. In the previous figure it was 

approximately horizontal, while here it is tipped distinctly for- 

ward and downward. 

Fig. 12. This model is of Lacerta viridis of about 37 mm. We 

notice at once a very great thickening in the brain walls and a 

corresponding reduction in size of the cavities. The most strik- 
ing feature is the change in shape and size of the dorsal part of the - 

diencephalon and in the relations between paraphysis, epiphysis 

and pineal eye. The paraphysis has elongated, but its diameter 

is much less than in the two previous stages and a number of 

small tubules have appeared especially at the tip which touches 

the tip of the epiphysis and has been thrust apparently in between 

the epiphysis and the pineal eye, the latter now resting on the 

upper third of the paraphysis. The change in relation between 

paraphysis, epiphysis and pineal eye is a result of the approxi- 

mation of the anterior and posterior parts of the post velar arch 

following the continued shifting upward and forward for the mid 

brain. This portion of the brain has altered its position still fur- 

ther from that in the preceding stage. The caudal end of the mid 

brain is now about on a plane with the velum, V., and a line 

drawn between those points touches the lowest part of the pos- 

terior commissure and is practically horizontal. If this is com- 

pared with a similar line drawn from the caudal limit of the mid 

brain to the posterior commissure in fig. 10 one gets a good idea 

of the change in position of the mid brain. In fig. 10 such a line 

forms an angle of about 80° with the horizon, while in fig. 12 

the line is about horizontal. Therefore the mid brain has shifted 

in a dorsal as well as in a cephalic direction, its walls at the same 

time have become greatly thickened and its cavity proportionately 
reduced. This forward development is indicated by the new 

position of the superior commissure and anterior end of the pos- 

terior commissure. These now lie directly over the optic com- 

missure and have moved forward from the habenular flexure 

to this point during the last three stages. This process has 

approximated the anterior and posterior portions of the post 

Os 
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velar arch so that the arch itself has been reduced to a narrow 

pocket while its roof has been folded transversely. The trans- 

verse folds have been invaded by the overlying mass of vessels 
and we have now the first appearance of a choroid plexus develop- 

ing from the diencephalon, D. C. P. This diencephalic plexus 

is therefore of later origin than the telencephalic, which first 

appeared at the stage shown in fig. 10, 17.5 mm. The epiphysis, 

like the paraphysis, has elongated considerably and lies close 

against the wall of the post velar arch. It is still hollow, but its 

cavity no longer communicates with that of the diencephalon. 

It is, however, attached to the roof of the brain by a solid con- 

stricted stalk which separates the two commissures. The superior 

commissure is rather larger than in the previous stage, while the 

posterior now consists of two very distinct parts,—the posterior 

being bent forward over the anterior at a very acute angle. This 

is also due to the forward development of the roof of the hind 

brain. In the lateral wall of the diencephalon is seen in section 

the so-called middle commissure, which contains a distinct cav- 

ity. There is also a deep pocket extending down into the floor 

of the brain immediately above the optic commissure. The 

velum transversum is clearly seen just behind the lower end of the 

paraphysis. It is much thickened and contains a band of commis- 
sural fibers passing between the mesial walls of each hemisphere 

which is the aberrant commissure described by Elliot Smith. 

The plexus of the lateral ventricles has become more convoluted, 
its greatest extent being still in the vertical diameter. The incli- 

nation of the cavity of the hemispheres downward and forward is 

much more marked than in earlier stages. This ventral bending, 

together with the peculiar development of the mid brain contrib- 
utes to the closing up of the post velar arch and the reduction of 
the upper part of the diencephalon to a cavity very limited in its 

antero-posterior diameter but relatively broad transversely. 

Fig. 13 is from a model of the pineal region of a brain of an 

adult Lacerta muralis. The lower outline of the model is very 

irregular as it was impossible to get all the sections into the field. 
The paraphysis is very striking, being a long tube rather narrow 

in its lower half but increasing in size in its upper half from which 
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arise a large number of tubules that are very closely applied 

against the anterior wall of the post velar arch. The long 
axis of the tube has changed its direction and now curves upward 

and slightly forward, whereas in previous stages it curved up- 

ward and backward and had a very sharp angle at about the 

middle. The change in direction seems to be due to a backward 

growth of the hemispheres, which in turn have forced the para- 

physis and the anterior wall of the post velar arch backward 

toward the posterior wall and have thus codperated with the for- 

ward growth of the mid brain in reducing this post velar region of- 

the diencephalon to a mere transverse slit. The upper part of the 

slit is filled by the folds of the diencephalic plexus, which protrude 

downward for a considerable extent into the cavity, fig. 15. This 

compression of the upper part of the diencephalon with the sub- 

sequent changes in the shape and relations of the parts is one of 

the most striking features of the development of this part of the 

lizard’s brain. The pineal eye has now moved to its permanent 

place in the parietal foramen. While the tip of the paraphysis lies 

immediately below the vault of the skull the pineal eye is situ- 

ated in its foramen at a considerable distance anterior to it. The 

migration of the eye covers quite an extensive field. It is formed 

at first from an outgrowth close to that of the epiphysis, both hol- 

low and communicating by a sort of common opening with the 

diencephalic cavity. It then separates from the epiphysis form- 

ing a rounded hollow structure which rests against the epiphysis 

and on the roof of the diencephalon. It next moves away from 

the brain wall but remains in contact with the tip of the epiphysis 

until it is finally separated from it by the extremity of the pa- 

raphysis which is thrust in between them. Finally, after lying on 

the dorsal aspect of the paraphysis it is carried forward to its final 

resting place in the parietal foramen. During these moves its 
shape gradually changes from a rounded vesicle to a circular disk 

flattened from above downward. In only one stage have I been 

able to see anything of a nerve for the eye; that was in the brain 

of the 17.5 mm. embryo when a narrow band of tissue could be 

seen passing from the eye downward, anterior to the epiphysis. 

The staining of the specimens did not permit my following it to 
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its termination. The shape of the epiphysis has also materially 

changed. Its upper end has become much enlarged, is somewhat 
hammer-shaped and quite broad in the transverse diameter. It 

is barely separated from the tip of the paraphysis by the highest 

part of the roof of the diencephalon. The enlarged extremity 

is hollow, with relatively thick walls but the cavity soon termi- 

nates in a very narrow solid stalk which represents fully three- 

fourths of its total length. The stalk is closely applied to the 

posterior wall of the post velar arch and becomes more and more 

attenuated as it approaches the brain roof. As the specimen was 

somewhat torn at this point, I am unable to state with certainty 

whether it is still attached between the two commissures. The 

wall of the epiphysis is rather thick and consists of several layers 

of cells with large round nuclei. The preservation of the speci- 

men did not permit of making a drawing to show the character- 

istics of the cells here or in the wall of the paraphysis. The 

superior commissure is now a large rounded tract and is separated 

by a slight interval only from the anterior wall of the post velar 

arch lying about opposite its middle point. As regards its rela- 

tion to the floor of the diencephalon it lies about over the optic 

commissure as in the preceding stage or if anything a trifle farther 

back. The increasing size of the hemispheres seems to have 

counteracted the forward push of the mid brain and the upper 

part of the diencephalon seems to be inclined relatively further 

back than in the last stage. This observation was made, however, 

on a specimen cut in the sagittal plane, which was not perfect 

and this statement possibly is open to some doubt. Elliot 

Smith’s (88) aberrant commissure, A. C., is seen as a well rounded 
fiber tract lying in the original velum transversum. The tract 

probably forms a more prominent projection into the cavity, 

but again this part of the specimen was slightly damaged and 

the model here is not absolutely perfect. The choroid plexus 

of the lateral ventricle forms a very striking tuft in the ven- 

tricular cavity. From its origin in the roof of the telencepha- 
lon, immediately in front of and lateral to the opening of the 

paraphysis, the plexus extends in the form of a round band of 

tissue through the foramen of Munro into the lateral ventricle. 
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The drawing has been slightly distorted in order to show this. 

Once in the lateral ventricle this narrow rounded mass expands 
into a flattened mass of tissue terminating in a complicated, 

tufted extremity. Its shape is quite characteristic, being longer 

from above downward as was the case in all its previous 

stages. This plexus together with that at the top of the dien- 

cephalon are the only forms of plexus present in the specimen 

studied. Fig. 14 is a transverse section along the line A-B, fig. 

13, to show the tubules of the paraphysis. It is somewhat torn — 

in the region of the superior commissure, the position of which only 

is indicated. Fig. 15 is a corresponding section along the line 

C-D to show a section of the epiphysis and the diencephalic 

plexus. It is also somewhat damaged in the same region as in 
the previous figure. 

Chrysemys marginata 

The models are enlarged only 80 diameters as the older stages 

were too large to draw conveniently at a greater magnification. 

Fig. 16 shows the fore and mid brain of Chrysemys marginata 

of 3.2mm. The line of demarcation between fore and mid brain 

is indicated by a groove on the dorsal, and a slight ridge on the 

inner side of the brain, similar to that in fig. 2. The roof of the 

fore brain forms a simple arch, there being no sign as yet of the 

velum. At its caudal end immediately anterior to the mid brain 

is seen a slight arch, S, corresponding to a similar arch in fig. 2. 

This marks the roof of the second diencephalic segment. In 

the lizard this appeared at about the same time as the velum and 

consequently all three subdivisions of the fore brain were developed 

together. Here there is no sign of any demarcation between 

the telencephalic and first diencephalic segment. Consequently 

the second diencephalic segment seems to antedate the appear- 

ance of the other two. Fig. 17 is from an embryo of 4.8 mm. 

The velum, V, is well marked and continued into a ridge passing 

down behind the optic stalk, thus separating the telencephalic, 

T., from the first diencephalic segment, J. D. Two well defined 

ridges also mark the boundaries of the second diencephalic seg- 
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ment, //. D., at its dorsal side. It should be noted however that 

the second diencephalic segment is distinctly wedge shaped. 

There is a well defined arch in its roof with a cavity just below, 
but this cavity soon fades away into a thick ridge separating 

diencephalon from mesencephalon. This segment is not as well 

marked here as it was in the lizard, but all three segments are de- 

fined at this stage. Furthermore all the primary arches are pres- 

ent in the roof of the fore brain; a well marked paraphysal arch 

in the roof of the telencephalic segment; a short post velar arch 

and arather poorly developed epiphysal arch or thickening in the 

roof of the first diencephalic; and a low arch, the synencephalic, 

in the roof of the second diencephalic segment immediately ante- 

rior to the mid brain. This stage therefore corresponds closely to 

that in fig. 3, although the parts are not quite so sharply defined 

as in the lizard of 2.4mm. The mid brain here seems to be di- 

vided into two segments, /.M., and II.M. 

Fig. 18 shows a brain of an embryo of 5mm. Here the velum, 

the paraphysal and post velar arches are all well marked. A small 

outgrowth extending upward and backward from the region of the 

rudimentary epiphysal arch, is the anlage of the epiphysis, /. 

Behind this is a well marked intercalated arch, S, with very 

definite boundaries below at the habenular flexure, although its 
anterior boundary is not very distinct in the lateral wall of the 

brain. This stage corresponds very closely to that of Lacerta 

muralis of 3.2 mm., fig. 5. 

Fig. 19 shows the brain of an embryo of 7.6 mm. Imme- 

diately in front of the velum which forms a well marked angle in 
the roof isa single small outgrowth, the beginning of the para- 

physis, P. Among all the specimens at my disposal I was unable 

tO find any case of multiple paraphysal outgrowths which were 

quite common in the specimens of the lacertilia. A large 

vein is seen lying close to the paraphysis. The branches of 
this vessel form a sort of network about the paraphysis 

showing that at the earliest possible stage the paraphysis enters 

into a close relation with the veins overlying this part of the brain 

which later concentrate to form the superior longitudinal sinus. 

Practically the same relations are seen in lacerta embryos of a 
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corresponding degree of development, namely from 3 to 4.5 mm. 

The post velar arch now forms a well arched roof to the dien- 

cephalon ending at the epiphysis which is a short oblong body 

opening by a very short hollow stalk into the diencephalon. It 

extends forward and lies directly on the top of the post velar arch. 

There is no sign now or at any later stage of any differentation 

of this body into a pineal eye and an epiphysis. Behind it 

is seen the last segment of the diencephalon, the intercalated 

arch, S, which has been invaded by the first traces of the 

posterior commissure, P.C., which is confined at this stage wholly 

to the diencephalon as was the case in the corresponding stage 

of Lacerta muralis, 4.5 mm., fig. 8. This stage corresponds to a 

combination of the stages of Lacerta agilis of 3.6 mm., fig. 6, 

and Lacerta muralis, 4.5 mm., fig. 8. 

Fig. 20 shows the brain of an embryo of 9.5mm. The paraphy- 

sis has now become a fairly long, round straight tube extending 

vertically upwards parallel to the anterior wall of the post velar 

arch. The close relations of the veins to it are clearly shown. 

The post velar arch has developed very rapidly forming a high 

vaulted roof to the diencephalon. Its walls, as was the case in 

lacerta, are very thin and are covered over by a very complicated 

net-work of small vessels, which will form later the diencephalic 

choroid plexus. The epiphysis has elongated and is much the 

same shape as the paraphysis, though smaller. It no longer opens 

into the diencephalon but is attached to it by a solid stalk and is 

closely surrounded by the venous plexus, Ve., overlying the post 

velar arch. The blood from this plexus, as shown in fig. 19 is 
carried off by several large veins passing downward on the lateral 

aspect of the diencephalon which empty into the primitive 

jugular vein. A similar arrangement is seen in Lacerta muralis 
of 28 mm. and also in earlier stages. On either side of the stalk 

of the epiphysis are seen the superior and posterior commissures. 

The former appears first at this stage and in fact can only Just 

be seen in the specimen. It has been slightly exaggerated in the 

model. The posterior commissure is increased in size, and overlaps 

now slightly onto the wall of the mid brain. Its posterior limit 

is here quite clear and definitely placed, but later, as was the case 
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in lacerta, it becomes very diffusely expanded over the roof of the 

mid brain. The choroid plexus of the lateral ventricles, L. C. P.., 

here makes its first appearance and consists of a few folds pushed 

into the ventricle from the mesial wall of the telencephalon. As 

was the case in lacerta this plexus antedates any of the others. 
The velum cannot be seen in the figure as the plexus is in the 
way. In both the lizard and the turtle the beginning of the 
plexus and the first trace of the superior commissure appear prac- 

tically at the same time. This stage corresponds fairly closely 

to Lacerta muralis of 17.5 mm., fig. 10, in as much as both 

the lateral choroid plexuses and the superior commissure appear 

first in both. The shape of the post velar arches is essenti- 

ally the same, though that of the turtle is more highly and uni- 

formly arched. 
Fig. 21 shows the brain of an embryo of 16.5 mm. The pa- 

raphysis forms a long narrow tube curving backward and resting 

closely against the post velar arch. There are no signs yet of any 

tubules and it is simply a hollow rounded tube with rather thin 

walls. The velum is represented by merely a rounded angle 

concealed by the plexus of the lateral ventricle. The lateral 

plexus has become very complicated consisting of a mass of villus- 

like tufts forming a quadrilateral shaped mass of tissue. The 

post velar arch is more highly developed than before. Its outlines 

are very regular, the anterior and posterior walls being almost 

parallel with each other. It forms a very extensive space at the 

top of the diencephalon, in the upper part of which small in- 

growths of the wall can be seen. These mark the beginning 

of the diencephalic plexus, D. C. P., which at a later stage will 

fill all this part of the diencephalon. The epiphysis like the pa- 

raphysis is a narrow elongated tube and is closely moulded to the 

posterior wall of the post velar arch. Its tip is much expanded 

laterally and the extremities of both these structures are gradually 

approaching each other. Beyond an increase in size there is 

nothing remarkable about the superior commissure. Aslight recess 

can be seen in the top of the diencephalon just above it. The 

posterior commissure is still nearly flat. It forms a broad band 

of fibers reaching to the stalk of the epiphysis anteriorly and 
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mingling with the wall of the mid brain behind. Its posterior 

limit is here arbitrarily shown.The general shape of the cavity 

of the diencephalon has undergone a marked alteration, although 

the antero-posterior distance between epiphysis and paraphysis 
is essentially the same as in the previous stage. The lower or 

infundibular part of the diencephalic cavity has developed in a 
ventral direction forming a deep pocket, while the upper part of 

the cavity, bounded by the post velar arch, has developed in a 

dorsal direction forming a striking dome-like space at the top of 

this part of the brain. The hypophysis is not shown in this 

model. 

Fig. 22 shows the brain of a turtle of 26 mm. In this model 

the upper half of the lateral choroid plexus, L. C. P., has been dis- 

sected away in order to give a clearer view of the paraphysis. 

The organ consists of a large central canal which gives off a com- 

plicated mass of tubules and is much larger than in the previous 

stage (see fig. 24). It curves backward over the post velar arch 

and its apex almost touches the tip of the epiphysis. Lying over 

the top of both organs is the large superior longitudinal sinus. 

From this vessel small branches, Ve., pass down on all sides of 

the paraphysis and intermingle intimately with its tubules. In 

addition to these veins draining the organ from above another 

set passes downward from the lower part of the organ and dis- 
appears in the deep groove between diencephalon and telenceph- 

alon on both sides. The association between the walls of the 

tubules and of these veins is most intimate and we have here 

really a sort of sinusoidal circulation. The relations are better 

marked than in the lacerta where the development of tubules from 

the paraphysis is not so complex and approaches more nearly 

the conditions seen in amphibia. Fig. 27 shows the structure 

of the paraphysis and the relations of the vessels in a specimen 

32 mm. in length. The drawing is slightly diagrammatic. The 

plexus of the lateral ventricles has increased greatly in size and 

complexity and its long axis is about horizontal. At the hinder 

border of the mass is seen a tuft of plexus, extending backward 

into the diencephalon with a curious prolongation stickin up 

from it (see also fig. 26, 7.C. P.). This tuft springs from the ori- 
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ginof thelateral plexus on each side of the opening of the paraphy- 

sis. This paired plexus is presumably homologous with the single 

plexus of amphibians which, arising from the telencephalon 

immediately anterior to the paraphysis, fills up the lower part 

of the diencephalon and is known as the telencephalic choroid 
plexus or plexus inferioris. Here it does not extend so far into 

the diencephalon as is the case in Necturus for example, Warren 

(97, fig. 16). 
That part of the cavity of the diencephalon the roof of which is 

formed by the post velar arch is now filled up by a large mass of 

choroid plexus, D. C. P. The plexus begins close to the opening 

of the paraphysis but reaches its greatest development at the top 

of the diencephalon. In the model one sees a large rounded 

mass of plexus just below the roof. This is really the plexus of the 

right side of the brain and a corresponding mass is hidden from 

* view on the opposite side. The diencephalic plexus therefore 

tends to be paired or double as was the case with the telencephalic 

plexus mentioned above, fig. 26, D.C. P. This is also in striking 

contrast, as was the case with the telencephalic plexus just men- 

tioned, to the amphibian type where its homologue is represented 

by a single median mass, Warren (97, figs. 11, 18, 14). The 

epiphysis has increased in length as well as in breadth especially 

at the tip where it is quite expanded laterally. It is still a hollow 

tube, though attached to the brain by a solid stalk. Like the 

paraphysis it is closely moulded over the roof of the diencephalon. 

There is not much to add about the commissures. They are 
naturally larger especially the posterior which now shows a 

slight angle on its dorsal surface. Its posterior limit, as here 

marked, is purely arbitrary, since the fibers are spread out dif- 

fusely over the outer layers of the mid brain wall. The outline 

of this model is not quite correct in as much as the posterior half 

of the model is carried too high above the anterior. Figs. 24, 25 

and 26 are three sections of this model to illustrate the relations 

of the parts which cannot be seen clearly in the model. They 

correspond to the lines A—B, C—D, E-F, fig. 22. Figs. 25 and 

26 show how the cephalic wall of the dorsal sack has been carried 

forward on either side of the median line so as to form two recesses, 
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the walls of which are convoluted and enclose the paraphysis 

between them. Y 

Fig. 23 shows the pineal region only of the brain of a turtle 

32 mm., at a magnification of 110 diameters, in order to compare 

this region more exactly with the larger lizards, as it is from 

the largest turtle at my disposal. The paraphysis has a narrow 

central cavity from which many lateral tubules are given off, 

the whole organ now appearing as a very complicated glandular 

structure. The walls of these tubules are closely related to vessels 

as mentioned above, fig. 27. The walls consist of a single layer 

of cells with large rounded or oval nuclei. The cell bounda- 

ries are indistinct. The endothelial cells in the walls of the 

vessels lie directly against the cells in the wall of the paraphysis. 

We have here a sinusoidal arrangement very similar to that of 

amphibia, Warren (97, fig. 20), but not so clearly developed. 

The diencephalic plexus is essentially the same as in the previous 

stage, though considerably more developed. The right half has 

been mostly removed to give a better view of the left half. The 

same is also true for the telencephalic and lateral plexuses which 

however were not modeled. The epiphysis is much expanded 

towards the apex and its outline a good deal distorted. It still 

contains a cavity partially interrupted at intervals by incomplete 

septa and has a solid hollow stalk. In structure it resembles the 

epiphysis in the lizard. The commissures which are not shown 

are the same as in the previous stages. In no specimen was there 

any trace of Elliot Smith’s commissure which was so striking 

in Lacerta muralis. These last two stages are rather difficult to 

compare with those of the older lizards. The older stage of 

Chrysemys is probably very close to the final adult type. They 

probably would fit in between the two oldest lizards, though as 

regards the paraphysis and especially the plexuses the oldest 

turtles studied show a development which seems more advanced 
and complex than the adult lizard of fig. 13. 
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DISCUSSION 

Subdivision of the fore brain 

The question of segmentation of the neural tube has been one 

of great interest for many investigators and much has been 

written on the segmentation both of the medullary groove and 

of the neural tube after its closure. The earlier writers confined 

their attention chiefly to the hind brain and the medulla where 

the neural segments appear to best advantage. Von Baer (’28) 

observed folds on the lateral wall of the medulla in the chick. 

Bischoff (45), Remak (’50-’55), Dursy (’69), Dohrn (’75) saw 

these folds in the medulla of the dog, chick, cow and bony 

fish embryos. Béraneck (’84) studied those segments with refer- 

ence to their relations to the cranial nerves in lacerta, and 

he (7) and Prenant (83) in the chick also. Kupffer (57) found 

five pairs of segments in the medulla and three in the mid 

brain of trout embryos. He stated that he could then find no 

segments in front of the mid brain. He found later in Salamandra 

atra a regular segmentation of the wide open neural plate and 

counted eight pairs of neuromeres. He showed therefore that 

there was present at this early stage an ‘ontogenetisch-primire 

neuromerie’ extending throughout the brain plate. He was 

unable to state definitely how many segments belonged to the 
fore and mid brain as the line of demarcation between these 
regions was ill-defined at this early stage. 

Orr (77) studied the segmentation in the lizard on theclosed 

brain tube and applied the term neuromere to the “‘replismédul- 
laires” of Béraneck. In his earliest stages the three brain vesicles 
fore, mid and hind brain were formed. He found that the optic 

vesicles developed from the lateral wall of the extreme anterior 

part of the primary fore brain so that the anterior walls of the 

optic stalks were in the same plane with the anterior surface of 
the fore brain. The hind brain neuromeres were well marked and 
their histological structure quite characteristic. Each one was 

separated from its neighbor by an internal ridge and an external 
groove and each pair were placed exactly opposite each other. 
The cells were elongated and placed radially to the inner curved 
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surface of the neuromere while the nuclei lay nearer the outer 

surface and approached the inner surface only at each end. The 

cells of one did not pass over into an adjacent neuromere and the 

cells between each pair were so crowded together that they 

formed a sort of septum between each neuromere. The five 

hind brain neuromeres all showed these features. He regarded 
the mid brain as one neuromere and between this and the second- 

ary fore brain were two whose structure however was not quite 

the same as those in the mid brain and therefore he did not regard 

them as true neuromeres. His fig. 6, pl. 12, and fig. 40, pl. 

15, show the secondary fore brain or telencephalon; then follow 

two well marked neuromeres and behind them the mid brain. 

These figures are essentially the same as figs. 29 and 31 and 37. 

Orr’s fig. 63, pl. 16, shows the fore brain in sagittal section and 

corresponds to fig. 8, Lacerta muralis, 4.5 mm. Here the pos- 

terior commissure is seen occupying a part of the intercalated 

portion of the diencephalic roof. Hoffmann (50) as a result of ob- 

servations on reptilian embryos agrees essentially with Orr. 

McClure (66, 67) studied Amblystoma, lizard and chick. He 

divided neuromeres into myelomeres or constrictions of the mye- 

lon and encephalomeres or constrictions of the encephalon. 

He found in the hind brain five encephalomeres in Amblystoma 

and six in the chick. In the mid brain there were two. To these 

he gave the name of oculomotor and trochlear neuromeres. In 

the fore brain he saw two, which he named the olfactory and optic 

neuromeres and also traces of a third. He observed a similar 

condition in the newt and chick, and states that these forebrain 

neuromeres are true neuromeres as far as their external character 

and structure are concerned. As regards the third fore brain 
neuromere this appeared just in front of the mid brain It was 
smaller than the others and McClure expressed doubts about its 

neuromeric value. This segment is doubtless the synencephalic 
neuromere of Kupffer. McClure’s (67) fig. 9 shows the condition 

in the chick and corresponds to figs. 29, 31, 35 and 37. His 

II N. M. is the second diencephalic, and the I N. M. the first 
diencephalic neuromere as shown in my models figs. 3, 4, 17, and 

18, and in the figures just mentioned. 
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In McClure’s fig. 8a there is seen the trace of a third dience- 

cephalic neuromere on one side only as the section is quite oblique. 

I have found nothing to compare with it, my results correspond- 

ing with his fig. 9. The optic neuromere has no nerve connected 

with it as the optic nerve is secondary in character and is not 

reckoned as one of the segmental nerves. He suggests that the 

primitive segmental nerve which belongs here has degenerated. 

The olfactory nerve of course belongs to the first neuromere. 
He concludes that ‘“‘the encephalomeres are not only remnants 

of neural segments similar to the myelomeres, but that they were 
originally continuous.” 

Waters (98) made his investigations on the cod and Ambly- 
stoma. His results in the latter were more satisfactory than in 

the former. He found here three neuromeres in the fore brain 

and two in the mid brain. Zimmermann (101) studied Mustelus, 

chick and rabbit embryos. He found eight neuromeres at the 

time of closure of the neural tube. The three anterior corre- 

sponded to the fore, mid and hind brain vesicles. The five poste- 
rior belonged to the medulla. The fore brain divided secondarily 

into two, the mid brain into three and the hind brain into three 

neuromeres. He gave to these secondary subdivisions full meta- 

meric value. His observations on the fore brain and mid brain 

therefore gave five neuromeres to these regions which corresponds 

to McClure, Waters and von Kupffer. 

Herrick (39) studied the brain of the snake, Eutaenia. His fig. 

8, pl. 19, shows a horizontal section through telencephalon, two 

diencephalic neuromeres and a part of the mid brain. Compare 
this with McClure, fig. 9, Orr, fig. 6 and 40 and my figs. 29, 31, 33, 

35 and 37. Herrick’s figs. 6 and 7 sagittal show the three fore 

brain subdivisionsasthey appear in my figs.7 and 18. He criticizes 

Waters, Zimmermann and McClure for having tried to homologize 
dorsal expansions in the fore brain with ventral expansions in the 
mid and hind brains. ‘“‘If neuromeres once existed in the fore 

brain they would be only visible at an early stage and would be 

obscured by altered conditions. The so-called fore brain neuro- 
meres differ from those in the medulla and cord in involving only 
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dorsal structures. They are wholly illusory from a morphological 

standpoint.” 

Froriep (31) in mole embryos of 5.5 mm., which corresponded 

about to a four weeks human embryo, found two neuromeresin 

the ‘Zwischenhirn’ and three in the mid brain. In Salamandra 

maculosa and Triton cristatus he observed the segments seen 

earlier by Kupffer but differed from that author as to their num- 

ber. This author is rather sceptical about the morphological 

value of neuromeres and is inclined to regard them as results of 

mechanical pressure from the mesoderm. 

Locy (63, 65) in Acanthias observed a very early segmentation 

of the primitive neural plate upon closure of the neural tube, which 

appeared along the edges of the plate. He stated that these 

segments could be traced without interruption through all stages 

of the open neural plate into those structures that in later periods 
were called neuromeres. This segmentation extended through 

all of the brain. Locy found two mid brain segments and three 

fore brain segments. The fore brain neuromeres were first the 

olfactory, and second the optic. The optic vesicles appeared 

very early on the neural plate and after the neural tube closed 
they seemed to belong especially to the parencephalic segment 

of the diencephalon. As regards the third neuromere he thought 

that its nerve was possibly the nerve to the pineal sense organ 

as sense organs and cranial nerves undoubtedly at first had definite 
segmental relations in neural segments. This condition persists 

in the cord but in the brain the primitive relations are greatly 

modified or obliterated. He concluded that neuromeric seg- 

mentation appears long before there is any segmentation in the 

mesoderm and therefore it is more primitive than mesodermic 

segmentation. The various segments are serially homologous 

and related to cranial and spinal nerves. The segments undergo 

most modification in the fore brain and mid brain where they 

disappear first. 

Neal (73, 74) made his observations on embryos of Acanthias. 

He did not agree with Locy that the segments found on the edge 

of the open neural plate were true neuromeres, because of their 

irregularity and variation both in size and number. He believed 
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hat they were due to proliferation of cells along the edges of the 

plate. He found however “in early stages a continuous primitive 

segmentation of the nervous system serially homologous through- 

out head and trunk—the neuromeric segmentation. In later 

stages there appears in the encephalon a secondary (in time) seg- 

mentation resulting in the so-called vesicles, which are not serially 

homologous with the segments of the myelon, but give rise to an 

anterior cephalic tract which is a region sui generis.’”’ He gives 

two tables showing the number of segments determined by pre- 

vious investigators and their relation to the vesicles of the brain 

and to the nerves. He agrees with Orr as to the structure and 

number of hind brain neuromeres, finding five. As regards the 

neuromeres in the mid brain and fore brain there is a considerable 
difference of opinion and Neal thinks that most authors have 

counted dorsal expansions here which are really secondary sub- 

divisions. He says that ‘‘ Morphologically different structures 

have been described by them as neuromeres or encephalomeres and 

that the divergence in their results does not seem to justify this 

assumption.”’ As hind brainneuromeres involve dorsal, lateral and 

ventral zones, fore brain neuromes should do the same if they are 

morphologically equivalent. If they do not then one should be 
able to explain how that condition has been lost or modified. At 

an early stage, (74) fig. 45, pl. 7, he finds six vesicles in a para- 

sagittal section of the cephalic plate. I=fore brain in region 
of the optic vesicles. IIl=the mid brain. III =‘ Hinterhirn’ 
and IV, V, and VI are hind brain neuromeres. 

Neal’s fig. 47, a parasagittal section of a slightly older stage, 

shows fiveexpansionsin the foreand midbrain. I =prosencephalon 
and II =Kupffer’s parencephalon and supports the epiphysis. 

The mid brain shows three expansions. I=that part of brain 

which later carries the posterior commissure. It seems to me 
that Neal should classify this first mid brain segment as the sec- 

ond diencephalic segment or synencephalon of Kupffer. This 

picture then would correspond to my figs. 28, 30, 32,34 and 36. Fig. 
52, a frontal section of fig. 47, shows these divisions well and 

corresponds to my figs. 29, 31 33, 35 and 37. According to my in- 
terpretation we would have here then three fore brain and two mid 
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brain segments. Neal says his first three vesicles correspond to 

Zimmermann’s fore, mid and hind brain. However, Zimmerman’s 

seventh and eighth hind brain segments were not at first developed 

and so Neal concludes that there are six primary ‘encephalomeres,’ 

not eight. The divisions of the primary fore brain into ‘Secun- 
dire Vorderhirn’ and ‘Zwischenhirn’ Neal does not consider 

as morphologically equivalent to neuromeres because as Herrick 

stated they are really dorsal expansions and should not be com- 

pared with ventral expansions. Neal agrees with Zimmermann that 

the primary mid brain divides into three segments of which the 

anterior lies in front of the posterior commissure. But accord- 

ing to my figures this should go with the fore brain to form its 

synencephalic segment (Kupffer). Neal concludes that struc- 

tures of different morphological value have been described as 

neuromeres in the brain in front of the cerebellum. These struc- 

tures are really secondary subdivisions which differ from typical 

neuromeres in shape, size, time of appearance and relation to dorsal 
and ventral zones. He thinks it best to regard each of the pri- 

mary fore brain and mid brain vesicles, neuromeres I and II, as 

being serially homologous with the hind brain neuromeres III-IV. 
He feels however that on “basis of structure and relation to other 

segmentally arranged organs that the primary vesicles, fore brain 

and mid brain give evidence—as do the primary expansions of the 

hind brain—of the primitive segmentation of the vertebrate head.” 

Hili (42, 43) worked under Locy on Salmo purpuratus studying 

both dead and living specimens. He found like Locy eleven seg- 

ments separated by grooves running around the whole brain. 

Of these five were found in the mid brain and fore brain. These 

segments he called the primary neuromeres and they antedated 

the three fore, mid and hind brain vesicles. They all had the 

typical characteristics described by Orr and were the same as 

those in the medulla. Essentially the same results were seen in 

young chicks. Three segments in the fore and two in the mid 
brain could be seen on the open and later closed tube. Later 

after the vesicles appeared the outlines of the primary neuromeres 
disappeared in the anterior part of the brain first and secondary 

subdivisions appeared in the fore brain, but Hill did not think 
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that these had the same morphological value as the early segments 
owing to their late appearance and their dorsal lines of division. 

Hill’s (42) fig. 3 shows the line between the first and second 

neuromeres splitting to surround the optic vesicle. In fig. 10 

the optic vesicle is clearly assigned to the second neuromere. 

Figs. 40 and 41 show the three secondary subdivisions of the fore 

brain similar to my model, fig. 3. In fig. 40 the optic vesicle 

seems to belong to the first segment or the telencephalon. Fig. 

42 is a parasagittal section of Salmo purpuratus showing five seg- 

ments to fore brain and very similar to my figs. 28, 30, 32, 34 and 

36. The third segment is wedge shaped, broad above, but narrow 
below at the habenular angle. 

Weber (99) studied the segmentation of the brain in the pheas- 

ant shortly before and after the closure of the neural tube and 

made models of various stages. In his younger stages there were 

four neuromeres in the fore brain. The first is the lobus olfac- 

torius impar, the second is the telencephalon. On its roof are 

the hemispheres, on its lateral walls the optic vesicles and in the 
floor the saccus vasculosus. The third is Kupffer’s parencephalon 

with which the eye communicates and is broad dorsally and nar- 

row below at the tuberculum posterius as in Hill’s fig. 42. This 
one has the epiphysis on its roof and the recessus mammillaris 

in the floor. The fourth he calls the ‘‘diencephalon”’ bounded 

below by the interpeduncular eminence. 

Weber finds that these segments are clearly marked off by dor- 
sal and ventral folds and he assigns to them a metameric value. 

His figs. 4, 5, 10, and 11 show these four neuromeres in the pheas- 

ant. In my models Weber’s I and II form the first neuromere 

with the optic vesicle arising from it. I have been unable to 

detect any sign of subdivision in this first segment such as he 

shows. In the chick he finds five neuromeres in the fore brain 

(see text figs. 5 and 6). 
Mrs. Gage (83) in a study of a three weeks old human 

embryo describes certain total foldsin the fore brainradiating down- 
ward from the membranous roof along the lateral wall. These do 

not seem to correspond to any of the folds seen in the turtle or 

lizard. 
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Johnson (52) discusses the question of neuromeres agreeing 

with the results of Hill and Locy and (53) he considers at length 

the morphology of the fore brain. He lays great stress on the 

shifting of the optic stalk from the primitive optic groove or 

infundibular recess to the preoptic recess. He assigns the optic 

vesicles to the diencephalon and states that the boundary between 

diencephalon and telencephalon is the velum and a ridge extend- 

ing from the velum to the floor of the brain and passing in front 

of the neuromere to which the optic vesicle belongs. 

Johnson’s (53) fig. 42 shows parasagittal sections of the brain 

of a 7 mm. pig, fig. 34, a model of the brain of a 5 mm., and fig. 

35 parasagittal sections of the brain of a 6 mm. pig. He finds 

three neuromeres in the fore brain and two in the mid brain. The 

first segment is the telencephalon, and the second is the optic ves- 

icle, and the third lies behind the vesicle and supports later the 

paraphysis. Jam unable to observe in my models this shifting of 

the optic vesicle and from the earliest stage I have studied it 

seems always to be in front of the point where the optic chiasma 

appears. Furthermore, the ridge which continues the velum is 

seen in figs. 2 and 17 appearing thus very early and passes clearly 

behind the optic stalk to end in the brain floor at the chiasma. 

This relation is also shown in Johnson’s fig. 34, the opening of the 

optic stalk apparently lying in front of this ridge. I should 

therefore include the optic vesicles in the telencephalon and count 
his first two neuromeres as one segment. The second segment 

would lie behind this ridge. In a pig of 7.5 mm. one can find a 
trace of a third subdivision of the fore brain; but this is seen much 

better at a more advanced stage. Fig. 34, a pig of 10 mm. shows 

a& parasagittal section with three distinct segments in the fore 

brain and two in the mid brain. This third segment is the syn- 

encephalon, while the second is the parencephalon and produces 
the epiphysis. Fig. 35 is a horizontal section of the same stage 
and clearly shows these three subdivisions. They are also shown, 
I think, in Johnson’s fig. 41 (central section) of a 15 mm. pig. 

The first segment in this figure is the telencephalon. ‘Then 

comes a rather long first diencephalic segment followed by a short 
second diencephalic segment in front of the mid brain. This 
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third fore brain segment appears here relatively much later than 

in the lizard and turtle where it was one of the first structures to 

appear in the roof of the fore brain. 

In my earliest models the fore and mid brain vesicles are clearly 

shown but there is no trace of any neuromeres in this region. In 

the hind brain of these specimens not shown in the model, the 

neuromeres were well marked. The first sign of subdivision of 

the fore brain of the lizard is shown in fig. 2, where there is just 

the beginning of the velum separating telencephalon from dience- 

phalon and in the roof of the latter division is seen the short arch, 

S, lying just anterior to the mid brain and forming the roof of the 

synencephalic segment. In the turtle fig. 16 the velum has not 

appeared and the arch forming the roof of the synencephalic seg- 

ment alone is seen. The features are shown more clearly in the 

next models, figs. 2, 3, 4,17 and 18. Here the internal ridge con- 

tinuous with the velum marks the caudal limit of the telencephalon 

and ends in the floor just behind the optic stalk. In fact it forms 

a distinct dorsal boundary to the optic stalk. This seems to me 

to assign the optic vesicle clearly to the telencephalon and not to 

the diencephalon as stated by others (see Hill (42), Kupffer (57), 

and Johnson (53)). 
In more advanced stages, figs. 5, 7, 8, 18 and 19, the hemi- 

spheres are seen gradually bulging outward above the optic stalk. 

There appears now another ridge above and in front of the optic 

stalk, and apparently continuous above the velum. This might 

seem to mean that the optic vesicles did not belong to the telen- 

cephalon but lay behind its caudal limit in the front part of the 

diencephalon. This new ridge is, however, secondary and is due 

to the deepening of the hemisphere and also of the optic stalk. 
The ridge first mentioned and shown in figs. 2, 3, and 17 is really 

the primary line of separation between telencephalon and dien- 

cephalon and the optic stalk lies clearly in front of it. This 

first subdivision of the primary fore brain is the telencephalon 

and contains the eye vesicles. In its roof appears the paraphysal 
arch and later the paraphysis and the telencephalic plexuses. Its 

caudal limit is the velum and the internal ridge continuing the 
velum, which ends in the floor Just behind the optic recess at the 
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point where the optic commissure develops. The diencephalon 

in early stages shows signs of divisions into two segments. In 

figs. 2 and 17, the differentiation is best marked in the roof. The 

first segment is limited in front by the velum and the ridge con- 

tinuous with the velum. In the floor appears the anlage of the 

optic chiasma, the infundibular recess and the mammillary region. 

Its caudal limit is the tuberculum posterius. The roof in these 

early stages forms a low arch. From this will develop the post 

velar arch, the diencephalic plexus, the supra commissure and the 

epiphysis, the latter forming the caudal limit in the roof. This 

segment is the parencephalon the first diencephalic neuromere or 

segment. ‘The second segment is narrower and somewhat wedge 

shaped. Its roof forms a short arch ending behind at a groove 

marking the cephalic limit of the mid brain. ‘This part of the 

roof becomes the pars intercalaris or synencephalon and in it 

appears the posterior commissure. Later the hinder part of the 

commissure extends backwards into the mid brain, but at first 

it seems to be wholly confined to this segment, figs. 7 and 19. 

Below, the second fore brain segment is narrow and its lower 

boundary extends from the tuberculum posterius to the highest 

part of the habenular arch, figs. 2,3, and 4. In the turtle the seg- 
ment at first has a cavity in its upper part only, which ends below 

in the thickened ridge separating diencephalon from mesencepha- 

lon, (see fig. 17) and is poorly marked at this early stage, but 

later, however, figs. 18 and 19, it becomes broader both dorsally 

and ventrally. In both lizard and turtle its floor lies between the 

tuberculum posterius and the apex of the habenular flexure. Its 

caudal and cephalic limits are formed by slight ridges, but its 

cephalic limit on the inner aspect of the brain is not very 

distinct. 

Seen from the external side, fig. 4, the ridge separating telen- 
cephalon from diencephalon appears as a groove passing behind 
the optic stalk. Behind this is a swelling best marked towards 

the dorsal aspect of the brain which is the first diencephalic 

segment or parencephalon, J. D. Behind this comes a smaller 

swelling separated by a slight groove from the first. This is the 
second diencephalic segment or synencephalon, //. D. Compare 



PARAPHYSIS AND PINEAL REGION IN REPTILIA 343 

Kupffer (57), fig. 185; Necturus, 244, Anguis fragilis; and Hill (42) 

figs. 40 and 41, chick. It is best marked near the dorsal side of 

the brain while below its limits become less distinct. Its caudal 

limit is the groove separating it from the mid brain, M. This 

segment has been described by von Kupffer as the ‘Schalthirn,’ 
synencephalon, synencephalic neuromere and pars intercalaris. 

It forms a narrow though a well marked segment immediately 
cephalad to the mid brain and above the habenular flexure. It 

is a sort of isthmus between mesencephalon and diencephalon but 
belongs to the latter. Its roof is occupied by the anlage of the 

posterior commissure which appears here before spreading back 

into the mid brain and finally covers in all this part. As the mid 
brain enlarges on its dorsal aspect this part becomes much com- 

pressed and in later stages its identity seems to become in many 

cases practically lost. It is very constant in the vertebrate 

series (Burckhardt), but is not found in Accipenser according to 

Kupffer. Its early appearance in the lizard and turtle is very 

striking, being here differentiated almost before the velum or any 

of the other arches in the roof of the fore brain. In the chick it 

also makes its appearance at an early stage with the velum, Kupf- 

fer (57), fig. 277, chick of 30 somites. In the pig I have seen it as 

a trace only at 7.5 mm., but well marked from 8-10 mm., figs. 34 

and 35. This is true also of the sheep, it being seen first here at 

about 8-9 mm., figs 36 and 37. In these mammalian forms it 

appears relatively late after the velum, paraphysal and post velar 

arches are well formed and the boundary between telencephalon 

and diencephalon clearly defined. In amphibia, according to 

Kupffer, it is best marked, persists in the adult brain as a distinct 

interval and is not wholly taken up by the posterior commissure. 

Burckhardt (13) gives diagrams of various forms of vertebrate 

brains. These diagrams represent sagittal sections of Am- 

phioxus, Petromyzon, sturgeon, trout, Notidanus, Protopterus, 

Ichthyophis, Anguis, crow and man. In all of these the roof 

of the ‘Schaltstiick’ or synencephalon is clearly shown though 

varying in length in different cases (see also Terry (102) for 

teleosts). 
Figs. 28 and 30 are parasagittal sections of the lizard of the 

same stage as figs. 3 and 4, and of the turtle of the same stage as 



344. JOHN WARREN 

fig. 18. Here one sees clearly these three fore brain segments or 

neuromeres, 7’,/.D,1I.D. Figs.32, 34 and 36 show a similar con- 

dition in the snake, pig and sheep and are similar to Kupffer (57) 
fig. 89, Neal (74) fig. 47, Acanthias, and Hill (42) fig. 42, Salmo 

(see also Neumayer (75) figs. 6 and 7 for the sheep). 

Figs. 29, 31, 33, 35 and 37 are horizontal sections along the lines 

A-B shown in the above parasagittal sections to show these fore 

and mid brain segments in this plane. Compare with these Orr 

(77) figs. 6 and 40, lizard; McClure (67) fig. 9, chick; Herrick (39) 
fig. 8, EKutaenia; J nleeag (53) fig. 41, pig. 

The models, fires 2-7 and 17-19 give a sagittal view of ies 

structures and may be compared with the following figures in 

sagittal planes, Neal (74) figs. 19, 20, Acanthias; Kupffer (57) figs. 

178-181, Salamandra, 215 Rana fusca, 239 Lacerta viridis, 240 

Anguis fragilis, 246 Lacerta vivipara, 277, 278, 286, chick; Her- 

rick (89) figs. 6 and 7, Eutaenia; Ziehen (100) figs. 47, rabbit, 

and 66, sheep. 

As regards the number of mid brain segments, these are rather 

apart from the subject of this paper which concerns chiefly the 

fore brain. In the early models the mid brain has appeared as a 

single simple segment. In fig. 17 turtle there seems to be a line 

of subdivision into two segments. In the reptilia Orr found only 
one mid brain neuromere while McClure found two. I should 

think that if enough early stages were examined there might be 

two segments or neuromeres here. Herrick in Eutaenia shows 

the mid brain as a single vesicle. This seems to be the case in figs. 
32 and 33, though there seems to be a hint here of a subdivision 
in the mid brain. Figs. 34 and 35 of a pig show two distinct seg- 

ments in the mid brain, as Johnson (53) has shown in his figs. 

35, 36,42. The same is seen in the sheep figs. 36 and 37. Zim- 

mermann in the rabbit showed three mid brain segments and 

Froriep three in the mole. Zimmermann finds three, McClure 

two and Béraneck one in the chick’s brain and McClure and 

Waters each found two in Amblystoma. Kupffer describes five 
in Salamandra, three in teleosts, Accipenser and Ammocoetes. It 

is evident that there is a considerable difference of opinion as to 

the number. I have given this brief résumé of results because I 
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have had to touch on the mid brain slightly in this paper and the 

drawings and models take in this region. I have not gone into 

it deeply enough to express any definite opinion though it seems 

to me probably that there are two subdivisions in this region. 

Where three have been mentioned it is possible that the most 

cephalic segment really belongs to the diencephalon and is that 

portion known as the ‘Schalthirn’ or synencephalon. As the 

cephalic end of the posterior commissure develops here that might 

explain the reason for adding it to the mid brain. 

The three subdivisions of the fore brain have made their appear- 

ance after the formation of the fore brain vesicles. The question 

now arises, Are these true neuromeres equivalent to those in the 

hind brain, which appeared before the three primary central ves- 

icles were developed, or are they merely secondary subdivisions 

of the fore brain appearing later than true neuromeres and having 

a different morphological value? Kupffer in Hertwig’s Handbuch, 

1903, pp. 19 and 152-166, gives a careful review of the work done 

on neuromeres. He distinguished between primary neuromeres 

seen on the open neural plate, which extend throughout its whole 

length, and secondary neuromeres, which appear later in the 

closed tube and are especially well marked in the hind brain, but 
much less distinct in the fore and mid brain. The expression 

primary is to be understood in an “‘ontogenetic not in a phyloge- 

netic sense.’ These secondary neuromeres are better marked on 

the roof and lateral walls than on the floor of the brain. 

Orr did not consider that the fore brain neuromeres were true 

neuromeres like those in the hind braim as their structure did not 

conform to that of hind brain neuromeres. McClure states that 

these fore brain neuromeres are true as regards their structure 
and character and he considers that they are continuous with and 

equivalent to those in the hind brain, but he suggests that there 

may be a rudimentary neuromere in the fore brain. Waters and 
Weber give the fore brain neuromeres full metameric value and 

Locy considers that his early segments can be traced into those 

structures that later become neuromeres. Herrick feels however 

that dorsal structures have been homologized with ventral and 

that if fore brain neuromeres were ever present they would be 
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seen only at early stages. He does not believe in the ones de- 

scribed by the above writers. Neal agrees with him and states 

that the so-called fore brain and mid brain neuromeres are not 

true neuromeres owing to their shape, structure and late time of 

appearance. He prefers to homologize the fore and mid brain 

vesicles with hind brain neuromeres and to regard these segments 

as secondary subdivisions. Hill found that the five neuromeres 

of the mid and fore brains disappeared early before the pri- 

mary fore and mid brain vesicles were developed. The future 

subdivisions of these he does not consider true neuromeres on 

account of their time of appearance and dorsal position. 

As regards the structure of the segments shown in the models 

and figures I agree with Orr that they do not conform to regular 

hind brain neuromeres, though there is some resemblance. The 

diencephalic segments are certainly much better marked in the 

dorsal than in the ventral zone, especially the synencephalic seg- 

ment and they appear much later than the neuromeres of the hind 

brain. From the evidence it seems clear that there is a primary 

set of neuromeres of which the majority of writers assign three to 

the fore brain and two to the mid brain. These apparently dis- 

appear when the mid and fore brain vesicles develop. The fore 

brain vesicle then divides later into the telencephalic segment and 

two diencephalic segments. This is clearly shown by the models. 

It is conceivable that, if the fore brain was primarily subdivided 

in three parts and that the lines of demarcation were later obliter- 

ated by modifications in the shape of the neural tube, that a sec- 

ondary subdivision occurring here would tend to follow the lines 

of the primary subdivision, as the lmits between neuromeres 
might be considered in a way as lines of least resistance. The 

relative shape and size of the secondary subdivisions or seg- 

ments would naturally be modified and distorted by the unequal 

growth of the parts. This of course is merely a supposition and 

I do not think that a direct connection between the primary and 

secondary subdivisions has yet been clearly proved. Iam inclined 

to agree with von Kupffer’s conclusions (57), p. 166,when he says 

that there are six neuromeres behind and five neuromeres in front 

of the fissura rhombo-mesencephalica in the region of fore and 
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mid brain. Everything else seems uncertain, especially the deri- 

vation of each of the secondary subdivisions from the primary 

neuromeres. These later segments or neuromeres should be 

distinguished as secondary from those which are primary. There- 

fore in the present state of our knowledge it seems to me that 

these later segments or subdivisions should be distinguished from 

those which appear earlier and are essentially primary neuro- 

meres. 

Paraphysal arch and paraphysis 

Minot (71) showed three primary arches in the roof of the fore 

brain of Acanthias and gave the name paraphysal arch to that 

part of the roof of the telencephalon which lies immediately ceph- 

alad to the velum and passes into the dorsal end of the lamina 

terminalis. This section of the fore brain roof is early differen- 

tiated, figs. 2, 3, 17 and 18, and forms a striking arch up to the time 

of the appearance of the paraphysis and the telencephalic cho- 

roid plexuses. The paraphysal arch has been called by Burck- 

hardt (12) the lamina supra-neuroporica and the plexus inferio- 

ris and plexus hemisphericum (telencephalic plexus) develop from 

it immediately in front of and lateral to the paraphysis. The shape 

and extent of the arch with its plexus development can be fol- 

lowed in Burckhardt’s diagrams (13). The increasing size of 

the hemispheres soon tends to cover up this portion of the roof of 

the telencephalon. The differentiation of the arch in the lizard 

and the turtle can be also seen in figs.2—10 and 17-21. Minot (71), 

Dexter (20) and Warren (97) show the development of this arch 

in Acanthias, chick and Necturus, and Johnson (53) in a series of 

pig embryos. It is well marked at first in the sheep, Neumayer 

(75). The arch appears distinctly as such in early stages only. 

The paraphysis and telencephalic plexuses tend to absorb this 

segment and when they are well developed no traces of it remain, 

but the opening of the paraphysis and the origin of the telence- 

phalic plexus both still lie between the velum and the dorsal end 

of the lamina terminalis and together occupy all the space for- 

merly occupied by the paraphysal arch. 
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The paraphysis was first recognized as a distinct organ by Se- 

lenka (86) in the opossum. Kupffer and Burckhardt traced its 

history in cyclostomes. In Petromyzon and Ammocoetes it 

forms rather a small sack-like outgrowth, Kupffer (57) figs. 47 

and 57, Burckhardt (12). Minot has traced it in elasmobranchs, 

especially in Acanthias (71), figs. 6-10, where it is a very simple 

evagination. Kupffer found it in ganoids and described it in 
Accipenser as a small vesicle, slightly folded at first, fig. 117, which 

later gives off tubules. Hull, Eycleshymer and Davis have ob- 

served it in Amia. It has been described by Terry (102) in 

Opsanus and by Burckhardt in other teleosts where it is lacking 

or else appears in a very rudimentary condition. In Protopterus, 

Burckhardt (18), pl. 8, records a wide sack-like paraphysis the 

walls of which are much folded. In amphibia it reaches the 

highest degree of development becoming a large complicated 

glandular organ, with a central lumen from which a very compli- 

cated set of anastomosing tubules are given off. It extends for- 

ward above and between the hemispheres and has a well marked 

sinusoidal type of circulation, Warren (97) figs. 17 and 20. Osborn 

has shown it in Siredon, Necturus, Proteus and Siren, Burck- 

hardt in Ichthyophis and Triton. In all these forms it closely 

resembles the condition seen in Necturus as is the case also with 

the paraphysis of Rana, Minot; Amblystoma, Eycleshymer; and 

Diemyctylus, Mrs. Gage. 
Francotte made the earliest observations on the paraphysis in 

the lacertilia. At first he confused it with choroid plexus but 

later recognized it as a distinct organ. In his thesis (28) he pre- 
sented a series of photographs of embryos of Anguis fragilis. In 

his fig. 8 the paraphysis, velum, post velar arch and epiphysis 

are similar to my models of Lacerta muralis, 5 mm., fig. 9, while 

his figs. 12 and 13 are sections of the paraphysis of an embryo 

rather older which corresponds to my fig. 10. His fig. 15 would 

correspond to that of Lacerta viridis of 37 mm., fig. 12. Fran- 

cotte does not give, however, the size of his embryos. His fig. 31, 

a lizard embryo, is also about this stage, though there is no plexus 

in the diencephalon. His figs. 27 and 28 show the relations in 
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frontal sections of paraphysis, epiphysis and diencephalic plexus. 

The same author (29) shows a Lacerta muralis similar to my fig. 

10, and his fig. 11 of Anguis is an excellent sagittal section about 

similar to my fig. 12. The epiphysis in this figure, however, is 

wrapped over the head of the paraphysis lying between it and the 

pineal eye, and the upper part of the diencephalon is not so com- 

pressed as in my models. In fig. 23 he shows a double paraphy- 

sal outgrowth similar to the three in the model in fig. 8. Fran- 

cotte also gives three sections of the paraphysis in a young human 

embryo. My results therefore are essentially similar to his. 

The paraphysis in lacertilia develops from one, two or three 

outgrowths and as it grows curves backward over the post velar 

arch in the opposite direction to that in Necturus. It very early 

comes into close relation with the veins which overlie the roof 

of the diencephalon, but its relations to them are not so in- 

tricate as they were in amphibia and we do not find here such a 

perfect type of sinusoidal circulation as in Necturus. The final 

stage, fig. 13, gives a good view of the adult condition, which I 

have not seen elsewhere. 
In the turtle we have a paraphysis which approaches rather the 

amphibian type. Its early stages are like those of the lizard, but 

as it grows larger the development of lateral tubules is much more 

marked, and therefore it has a very close relation to the veins 

about it, so that we have here a circulation of the sinusoidal type 

more perfect than in the lizard though not so marked as in amphi- 

bia. In fig. 23 the paraphysis is a well marked glandular struc- 

ture with an elaborate set of lateral tubules which, however, at 

this stage are quite short and show no signs of anastomosing with 

each other. For relation to vessels, see fig. 27. In the lizard the 

tubule formation is slight except at the apex where the organ is 

expanded and a number of tubules appear, figs. 13 and 14, which 

show the same relations to veins as in the turtle. 

In the crocodilia Voeltzkow (96) shows a paraphysis which 

follows closely the development in Lacerta except that at first 

it is inclined slightly forward. In the caiman the development of 

lateral tubules is much more marked. In Chelone imbricata the 
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paraphysis is more like that of Chrysemys but seems to reach its 

highest development before the final stages and then to retro- 

grade in size distinctly. 

In Chelone mydas, Humphrey (51), fig. 7, the paraphysis is long 

and narrow as in Lacerta muralis while in Chelydra serpentina, 

fig. 30, it is a large wide tube with some diverticuli and resembles 

rather the paraphysis of serpents. Leydig (61) has described 

the paraphysis in Tropidonotus natrix and Vivipara urcini, 

Ssobolew (91) in Tropidonotus and Vipera berus, and Herrick (39) 

has shown it in Eutaenia. In all these it is well developed and 

resembles in general the paraphysis of Chrysemys and Lacerta. 

In birds the paraphysis was described in detail by Dexter (20). 

It is greatly reduced in size and at its final stage is a very 

small outgrowth with a narrow lumen and very thick walls. It 

is much obscured by the diencephalic plexus, see his figs. 1-7 and 

Kupffer’s (57) 278, 288-289. 

But few observations have been made on the paraphysis in 

mammals since Selenka’s article on the opossum in 790. I have 

observed it in a sheep embryo of 26 mm., fig. 38, as a short out- 

growth rather narrower and more elongated than the paraphysis 

of the oldest chick mentioned above. Francotte has shown it in 

a twelve weeks human embryo and it has been modeled by Ewing 

Taylor in a human embryo of 22.8 mm., H. E.C. No. 871. Ihave 

also seen it in a human embryo, H. E. C. No. 1598, 28.8 mm., 

fig. 39. 

We see therefore that at the upper and lower end of the verte- 

brate series the paraphysis is much reduced while in the middle 

especially in the amphibia it is most highly developed. 

The paraphysis is a distinct organ of relatively insignificant 

size in lower forms where it appears as a simple sack-like evagi- 

nation, later giving off more or less side branches. In amphibia 

its glandular character is most highly marked and this is true to a 

lesser degree in reptilia. It is a mistake to say as some writers 

have that in advanced stages the paraphysis becomes changed 

into a sort of choroid plexus. This error is due to the fact that 

the structure gives off many complicated tubules which are in 

relation to a correspondingly complicated mass of vessels form- 
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ing more or less of a sinusoidal circulation. This complex in sec- 

tions looks somewhat like a plexus, but when modeled it can be 

clearly seen that the organ is absolutely distinct from any plexus. 

Its wall consists of a single layer of cells as is the case with the 

plexus, but its cells are always larger than the epithelial cells of 

the plexus, velum and post velar arch. 

Velum and post velar arch 

The velum has been recognized in practically all classes of ver- 

tebrates. It makes its first appearance as a slight infolding or 

angle in the roof of the fore brain, which grows downward into 

the brain cavity to a greater or lesser extent, and has a cephalic 

and caudal wall with connective tissue between. It is continued 

laterally into an internal ridge corresponding to an external groove, 

which ends in the floor just behind the optic stalk at the optic 

chiasma, figs. 2, 3, 5, 7, 8, and 17-19. As development goes on 

the shape and size of the velum become modified by the growth 

of the paraphysis and the telencephalic plexus in front of it, which 

absorb a large part of the paraphysal arch and at the same time 

the cephalic wall of the velum. ‘This corresponds to Burckhardt’s 

description (13). When these structures are well developed the 

velum appears in the sagittal plane as a rather insignificant angle, 

and becomes still more obscured by the hemispheres which grow 

dorsally on either side of it so that it is much reduced towards the 

median line. In more advanced stages it becomes still less evi- 

dent and forms merely a lip bounding the caudal edge of the open- 

ing of the paraphysis. These steps can be traced in figs. 8, 9, 

and 12. In those forms which have a well developed diencephalic 

plexus the velum is still further modified. In early stages the 

velum forms a sharp angle with a cephalic and caudal wall. The 

former as I have mentioned is taken up by the paraphysis and telen- 

cephalic plexuses, while the caudal wall forms the cephalic por- 

tion of the post velar arch and is taken up more or less in the 

formation of the diencephalic plexus, fig. 22. The term post 

velar arch was given by Minot (71) to that part of the roof of 

the diencephalion extending from the velum to the epiphysal 
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arch. This segment of the diencephalic roof varies greatly in 

its development. In almost all forms except some elasmobranchs 
it develops dorsally to a greater or lesser degree into a dome- 

like expansion which is very striking. The roof is always a thin 

membrane, consisting of a single layer of low cells. In many 

cases it becomes very convoluted and forms vascular tufts which 

represent the diencephalic plexus. This region has been called 

by various names, ‘Dorsal sack,’ Goronowitsch, ’88, ‘Zirbel- 

polster,’ Burckhardt (11), ‘Parencephalon,’ Kupffer (57), 

‘Postparaphysis,’ Sorenson (90). I have used chiefly the term 

post velar arch though in the later stages ‘dorsal sack’ might 

be more appropriate. In Petromyzon Burckhardt (13), pl. 8, 

there is practically no velum. The hinder border of the mouth of 

the paraphysis is a mere lip and extending caudad from it is a 

short, low post velar arch. In Acanthias the velum is seen early 

as a sharp angle separating the paraphysal arch from the post 

velar arch Minot (71) figs. 1 and 2. It develops rapidly in a ven- 

tral direction absorbing in this process all the post velar arch so 

that the superior commissure and the opening of the epiphysis 

come to lie close against its base. Both walls of the velum espe- 

cially the cephalic become convoluted later to form the dienceph- 

alice plexus which hangs down like a curtain across the cavity of 

the diencephalon, Minot (71), figs. 1-12. D’Erchia (24) shows in 

Pristiurus much the same condition, figs. 1-6, and also in Torpedo, 

figs. 7-15. Here, however, the post velar arch persists to some 

extent. 

In Accipenser, Kupffer (57), figs. 117, Burckhardt (13), pl. 8, 
there is a long velum the cephalic wall of which is convoluted, 
the caudal being perfectly flat. It resembles closely the velum of 

Acanthias, but the post velar arch forms a high vaulted dorsal 

sack so that the superior commissure is here separated by a long 

interval from the velum. In Protopterus Burckhardt (9) finds 

essentially the same condition as in Accipenser. In Amia and 

Lepidosteus Kingsbury (54) describes lateral expansions from the 

dorsal sack. On either side diverticuli pass out just behind the 

velum. These divide into a cephalic limb extending forward to 

the olfactory lobes and a caudal limb extending backwards to 
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the cerebellum. In teleosts, the trout, Kupffer and Burckhardt 

find again a long velum not so extensive as in previous forms, how- 

ever, and showing no signs of plexus formation. The post velar 

arch is rather high and narrow. Terry (102) in Opsanus shows 

a greatly expanded velum taking on the character of a true cho- 

roid plexus. 

In amphibia, Ichthyophis, Burckhardt (9) Necturus, Kings- 

bury (55), Warren (97) Diemyctylus, Mrs. Gage (32), the velum 

is well marked at an early stage and makes a deep anglein the roof. 

The paraphysis grows as a long narrow tube which takes up all 

of the cephalic wall of the velum, and causes a deep angle to 
appear between the prosencephalon and diencephalon the hinder 
limit of which is made by the caudal wall of the velum, the 
anterior limit by the remains of the paraphysal arch, Warren (97) 

figs. 3-8. The caudal wall of the velum soon begins to bulge into 

the diencephalon to form the diencephalic plexus, and continues 

until all of the velum and nearly all of the post velar arch are 

absorbed in the plexus formation. Only a slight extent of the 

post velar arch persistsin front of thesuperior commissure. In Ich- 

thyophis, Burckhardt (9), this process is not so extensive, a larger 

part of the post velar arch remaining intact. See also Kupffer 

(57), fig. 179-181, Salamandra and Eycleshymer (26), Ambly- 

stoma. In all these cases the velum is reduced to a mere lip, a 

very different condition from that in fishes and lower vertebrates 

where it makes a deep partition in the fore brain. In reptiles 

the velum is not so well marked as in amphibia. It forms only 
a relatively low angle in the roof, but is continued laterally into 

a well marked ridge, figs. 2-7, 17-20. The early stages shown in 
the models compare with Francotte’s figures of about the same 

stages, Kupffer (57) figs. 239, Lacerta viridis; 240, Anguis fra- 

gilis; and Herrick (39) Eutaenia. The angle between the caudal 

wall of the velum behind and the paraphysal arch in front is much 

less than in Necturus owing to the fact that the velum originally 

does not grow so far ventrally and the paraphysis by folding back- 

wards over the post velar arch does not seem to force the para- 
physal arch so far downwards, figs. 9 and 10. This is certainly 

the case in the lizard, though in the turtle the condition is nearer 
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that in Necturus, fig. 20. In lizards the post velar arch is at first 

low but soon develops up and back to form a large dome like cav- 

ity in the upper part of the diencephalon, figs.3-10. This is even 

more marked in the turtle, figs. 17-21. Coincident with this 

process in both cases is the growth of the paraphysis, and the 

velum becomes reduced here to a mere lip or border bounding the 
mouth of the paraphysis. In the lizards after the stage shown in 

fig. 10 the cephalic and caudal walls of the extensive post velar 
become steadily forced towards each other by the mid brain en- 

croaching from behind and the hemispheres from in front. The 

end result is seen in fig. 18. The velum at this stage becomes more 

prominent and rounded by the ingrowth of the fibers of Elliott 

Smith’s aberrant commissure, figs. 12 and 13; Kupffer (57), fig. 

248, Anguis fragilis; fig. 265, Lacerta vivipara. In the lizard the 

plexus formation is confined to the apex of the diencephalon, 

which has now been reduced to a slit very narrow antero-poste- 

riorly, the superior. commissure being separated by a slight interval 

only from the velum. The velum, however, is quite distinct and 

also a large part of the post velar arch, which has not entered into 

the formation of the diencephalic plexus. This closing up of the 

post velar arch or dorsal sack is one of the most striking features 

in the development of the fore brain of the lizard. If we compare 

this condition with my oldest turtle, which represents probably 
quite closely the final stages, we find a very different picture. 

The velum does not contain a commissure as was the case in the 

lizard and remains an insignificant, narrow lip, which becomes 

still further obscured by the development of the diencephalic 

plexus, figs. 20-23. There is no reduction in the size of the dorsal 

sack, which remains an extensive vaulted structure, but it is 

almost entirely filled up with an elaborate plexus extending from 

the mouth of the paraphysis to the superior commissure, figs. 22, 23, 

25, 26. Voeltzkow (96), fig. 14, shows an embryo of Caiman 
niger that resembles the lizard of 37 mm. fig. 12. The velum 

a mere lip, with no commissure, the dorsal sack deep and fairly 

narrow with a diencephalic plexus at its apex only. The superior 

commissure lies very near the velum as in the lizard. 

a 
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The same author gives a series of sagittal and transverse 

sections of crocodilus madagascarensis, figs. 1-11, which corre- 

spond still more closely with the development of this region in the 

Lacerta. The post velar arch, however, is rather more highly 

developed at first. The oldest stage is almost identical with 

fig. 18, though the epiphysis is absent and the paraphysis not so 

large. The velum is a thin lip, then comes a portion of the post 

velar arch, flat and unconvoluted. Towards the apex of the dor- 

sal sack the diencephalic plexus is seen extending almost to the 
superior commissure, and the dorsal sack itself forms a high narrow 

slit, the superior commissure being almost in contact with the 
velum. 

Voeltzkow (96) figs. 21 and 22 of Chelone imbricata show a 

picture quite similar to my fig. 23. Thedorsalsackisspacious and 

filled by an elaborate diencephalic plexus which extends to the 

mouth of the paraphysis and obscures the velum. In Chelydra 

serpentina Humphrey (51) described a well marked post velar 

arch the greater part of which is occupied by folds of the dience- 

phalic plexus, fig. 30. The velum is reduced to a mere lip as in 

my models. He also gives a sagittal view of Chelone midas, 

where the dorsal sack, however, is more compressed antero-pos- 

teriorly and the superior commissure is nearer the velum than in 

Chrysemys. In pl. 2, fig. 7, he shows the brain of Chelone 
midas. This approaches nearer to the lizards in having a very 

deep and narrow dorsal sack, as in fig. 12. In ophidians Leydig 

shows figure of Tropidonotus natrix and Ringelnatter which 

approach the conditions seen in turtles. The velum is insignifi- 

cant, the post velar arch fairly high and expanded and the dien- 

cephalic plexus well developed. In Vivipara urcini the condi- 

tions resemble rather those seen in Lacerta viridis, fig. 13. In 

Eutaenia the velum becomes very indistinct being reduced to 

the narrowest possible lip. The dorsal sack is well arched and 

completely filled by a large diencephalic plexus extending from 
the paraphysis to the supra commissure. Ssobolew (91) has 

described this region in Tropidonotus natrix and Vipera berus, 
where the velum and dorsal sack are the same as shown by Leydig. 
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In birds the velum has been described by Burckhardt (13), fig. 

3, erow, and by Dexter (20) in the chick, fig. 1, where it forms a 

distinct angle with a well marked post velar arch behind it. See 

also Kupffer (57) fig. 278 for a similar stage, and Burckhardt (13) 

crow embryo. The post velar arch forms a high tent-like struc- 

ture the cephalic wall of which becomes convoluted to form the 
diencephalic plexus. The two walls are finally quite closely 

approximated and the resulting condition resembles somewhat 
that in the lizard. The plexus formation extends to the velum, 

which is again reduced to a mere lip, and becomes so extensive 

that the velum is practically covered up by the folds of the plexus, 

Dexter (20), fig. 83, and Kupffer (57), fig. 289. In mammals John- 

son (53) shows the velum in a series of pig embryos from 5-17 mm.., 

figs.34-39. It forms at first an angle in the roof continued around 
the lateral walls as a distinct fold, but steadily becomes smaller; 
when at 17 mm. it is a mere notch in the roof. Behind it there 

is a well marked post velar arch. 

Neumayer (75) gives a series of models of the brain of sheep 

embryos from 2.5-16 mm. There is a well marked velum with a 
low paraphysal arch behind it in embryos of 10 mm. In the 

sheep, H. E. C. as 1334, 6.6 mm., the velum is distinct with a 

well developed post velar arch. Later it greatly diminishes in 

size and at 26 mm., H. E. C. no. 1112, fig. 838, becomes covered up 

by the diencephalic plexus which develops from it and a large 
part of the post velar arch. 

Ziehen (100), fig. 47, shows a sagittal section of a rabbit taken 

from Neumayer. Here there is a slight fold in the fore brain 

which Neumayer called the velum, but Ziehen has doubts whether 

the velum of lower forms appears in mammals, p. 279. He 
gives the boundary between diencephalon and telencephalon as 

the fossa praediencephalica, but is uncertain whether this should 

be homologized with the velum. His fig. 23, hedgehog embryo 

after Groenburg, seems to show a distinct velum with a well 

marked post velar arch behind and there is a distinct diencephalic 

plexus in the arch. 

W. His (47), figs. 33, 35, and 38, shows a distinct velum in 

models of human embryos. In the lower forms, except in Petro- 
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myzon, the velum is well developed and forms a curtain-like fold 

between telencephalon and diencephalon. In amphibia it is well 
developed at first but becomes absorbed by the excessive growth 

of the paraphysis and plexuses. In reptiles, birds and mammals 

it becomes proportionately less well marked especially toward 

the median line. 

Choroid plexus 

The choroid plexuses are closely associated with the paraphysal 

and post velar arches. The plexus choroideus lateralis springs 

from the paraphysal arch immediately in front of and lateral to 

the mouth of the paraphysis, fig. 25, and invaginates the dorso- 

mesial wall of the hemisphere. In certain forms especially am- 

phibia there is a median plexus arising from the paraphysal arch 

immediately in front of the paraphysis and developing downwards 

and backwards into the lower part of the third ventricle to a 

greater or less extent, Warren (97), Necturus, figs. 9 and 11. 

This is the plexus inferioris, anterior, or telencephalic plexus. 

When this plexus is present the lateral plexus springs from its 

base, Warren (97), fig. 12. In that article I used the term telen- 

cephalic for this plexus inferioris in order to distinguish it from 
the diencephalic plexus arising from the post velar arch. This 

term would apply equally well to the lateral plexus as they are 

both of telencephalic origin. I have however restricted it to 

this lower median plexus in order to differentiate it from the upper 

median or diencephalic plexus. This inferior or telencephalic 

plexus doesnot develop in Amphioxus and appearsin avery reduced 

form in Petromyzon and Teleosts, Burckhardt (13). In Acan- 

thias the velum projects deeply into the ventricular cavity and 

both its surfaces become much folded to form the choroid plexus. 

This is also the case in Accipenser and Amia and also Opsanus, 

Terry (102). It is present in Dipnoi, Protopterus, Burckhardt 

(13). 

It is a question whether these folds of the velum represent the 
diencephalic or telencephalic plexus of amphibia. The telen- 

cephalic plexus, plexus inferioris, of amphibia arises from the 

paraphysal arch in front of the paraphysis. The folds on the 
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cephalic surface of the velum in the lower forms mentioned above 

really come from the telencephalon if we use the tip of the velum 

as the boundary between the two regions. However, they lie 

behind the opening of the paraphysis instead of in front of it. 

Kupffer (57), fig. 227, Triton cristatus, shows the plexus infer- 

ioris arising behind the paraphysis and forming an unmistakable 

mass in the lower part of the ventricular cavity. Strictly speaking 

in spite of the difference in relation to the paraphysis I suppose that 

the folds on the cephalic surface of the velum correspond to the 

telencephalic plexus or plexus inferioris of amphibia, while the 

folds on the caudal surface of the velum would correspond to 

the diencephalic plexus. In this case there would be in advanced 

stages practically no line of demarcation between the two plexuses 

as one could not be sure just what point corresponded to the 

original apex of the velum. 

The telencephalic plexus reaches its highest development in 

amphibia forming a very striking median mass in the lower part 

of the diencephalon. See Necturus, Warren (97), Diemyctylus, 

Mrs. Gage (32), figs. 6 and 20-22, Ichthyophis, Burckhardt (13). 

Burckhardt (13) states that it is present in reptiles though in a. 

greatly reduced form. I have found no traces of it in the lizard 

and have seen no signs of it in the figures of Francotte (28, 29, 

30), Kupffer (57), Voelzkow (95), or Herrick (38, 39). In the 

turtle there are two paired masses growing backward from the 

origin of the lateral plexus into the diencephalon, figs. 22 and 26. 

These I think may possibly be regarded as homologous to the 
single median plexus of amphibia. Humphrey (51), fig. 30, found 

the plexus well developed in Chelydra serpentina, but in birds 

and mammals it is absent, Burckhardt (13). 

The lateral plexus according to Burckhardt (13) and Edinger 
(23) ,is lacking in teleosts. In Acanthias the lateral plexus is 

well developed, Kupffer (57), p. 84, and is also seen in Pristiurus, 

fig. 95. In ganoids it is absent, Burckhardt (13). 

In amphibia it is very well developed and springs from the 

base of the telencephalic plexus to enter the lateral ventricle, 
Mrs. Gage (32), fig. 18, Studnicka (93), pl. 7, figs. 8, 18, War- 

ren (97), figs. 12 and 14. In lizards it appears at 17 mm., fig. 10, 
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at the same stage in which the superior commissure first appears. 

It is a curious fact that this is also the case in Necturus and in 

the turtle, fig. 10. It forms here at first a rather solid mass, which 

soon, however, takes on the characteristic form of the choroid 

plexus. In the adult lizard it has rather a peculiar shape. It 

begins as a long narrow rounded mass just anterior and lateral 

to the paraphysis, which broadens out in the lateral ventricle. 

Its long axis is in the dorso-ventral direction, it being relatively 

narrow in the antero-posterior plane. Figs. 10-13 show the steps 

in its development. In the turtle this plexus is more developed 

and appears at earlier stages. It forms a large irregular mass 

roughly oval or quadrilateral and much more extensive than in 

the lizard. Its development is shown in figs. 20, 21, 22, and in 

section in figs. 25 and 26. In birds and mammals, especially in 

the latter, it is highly developed. See Ziehen, figs. 13, hedgehog 

embryo, 32 Echidna, 52-56 rabbit, 82 cat; Minot (71), fig. 390, 

sheep. 

The diencephalic plexus develops from the caudal wall of the 

velum and from the post velar arch. This plexus is not well 

developed in lower forms and is absent in Petromyzon. It is 
probably represented by the thin membranous roof of the dien- 

cephalon in this and other lower vertebrates, Studnicka (93). 

In Acanthias, Accipenser and Amia it is seen in those folds that 

appear on the caudal wall of the velum (see p. 357). Burck- 

hardt (13) describes it in Protopterus. In amphibia its develop- 

ment is excessive. It takes in all the caudal wall of the velum 

and the greater part of the post velar arch and extends backwards 

as a broad median mass, wide from above downward, but narrow 

from side to side, to end in a tufted extremity in the fourth ven- 

tricle. Warren (97), figs. 13, 16, and 23, shows this in Necturus, 

Burkhardt (13) in Ichthyophis, Mrs. Gage (82) in Diemyctylus, 

figs. 6, 23-25. In the lizard this plexus is represented by a series 

of transverse folds in the roof of the dorsal sack, fig. 12, and the 

plexus here is relatively small except at the adult stage, fig. 13. 

See also Francotte (29, 30), Kupffer (57), fig. 248, Anguis fragilis, 

265 Lacerta vivipara, 258 Ornithorhyneus (G. E. Smith), Voeltz- 

kow (96), Crocodilia, figs. 10, 11, 14, 15. 
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In the turtle this plexus is much more extensive. It appears 

at a relatively early stage, 16 mm., fig. 21, and at 26 mm., fig. 

22, is highly developed. Here we havea distinct bilateral arrange- 

ment as is shown in figs. 25 and 26. Thisisa striking feature of 

the turtle’s plexus and the rudiments of the telencephalic plexus 
are also paired as was mentioned above. All the post velar arch 

and dorsal sack from the opening of the epiphysis up to the 

opening of the paraphysis is taken up in this plexus formation, figs. 

22 and 23, and there is a sort of median ridge thrust in between 

the paired masses. This plexus is well marked in serpents, 

Leydig, fig. 5, and in Chelone imbricata, Voeltzkow (96), figs. 

21-22. Herrick (38) shows a sagittal drawing from Sorensen 

of the brain of Cistudo where the diencephalic as well as the 

telencephalic plexuses are well developed. in Chrysemys I 

could find no trace of the latter plexus. In birds the plexus of 

the chick is described by Dexter (20), figs. 2-5, and by Kupffer 

(57), fig. 289. The diencephalic plexus is well marked and in- 

volves apparently the cephalic portion of the post velar arch only, 

the caudal part remaining smooth. It completely covers up the 

velum, and approaches more the condition seen in mammals. 

In mammals the diencephalic plexus is strongly developed, form- 

ing large masses of plexus in the roof of the third ventricle which 
extend from the velum back to the epiphysis. 

Commissures 

In the velum of the lizard of 37 mm., fig. 12, and in the adult, 

fig. 13, is seen a well marked commissural band. This passes 

from the median wall of one hemisphere through the lowest part 

of the velum just caudal to the opening of the paraphysis to 

reach the median wall of the opposite hemisphere. I have also 

seen it in an earlier stage between figs. 11 and 12. This com- 

missure was first mentioned by Rabl-Riickhard (’81) in Psam- 

mosaurus and called by him ‘Fornix-rudiment,’ Meyer (93) 
named it the ‘Hintere Mantel-kommissur,’ Kupffer and Edinger 

have called it Commissura pallii posterior. 
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Kupffer (57) states that it enters a swelling in the median wall 

of the hemisphere which represents the embryonic hippocampus 

of mammals. Kupffer (57) shows it in figs. 248 and 265, sagittal 

sections of Anguis, and in 259, a transverse section of Anguis. 

The latter figure illustrates its course clearly and as it crosses 

the median line it is bounded cephalad by the wall of the paraphy- 

sis and caudad by the single layer of cells forming the caudal wall 

of the velum. Kupffer states that laterally a part of the fibers 

enters the ‘‘Eminentia medialis” in the medial wall of the hemi- 

sphere, while another part ‘probably enters the stria medullaris, 

but owing to the presence of other fiber tracts he thinks the exact 

composition of the commissure is not clear. I have seen a sim- 

ilar section to fig. 259 in H. E. C., no. 1604, Lacerta muralis. 

G. Elliot Smith (88) described very thoroughly this commissure 

in Sphenodon and called it an aberrant commissure, ‘Commissura 

aberrans.’ Dendy (18) mentioned this commissure also in 

Sphenodon and called it Commissura fornicis. Elliot Smith’s 
figs. 1 and 2 give a good view in the sagittal plane and show how 

the commissure makes a striking rounded swelling in the velum, 

which forms a marked projection between the opening of the para- 

physis and the post velar arch. He describes two masses of 
gray matter in the mesial wall of the hemisphere as the parater- 

minal bodies which are connected by the lamina terminalis (88), 

figs. 4,5 and 6. Above these structures in the mesial wall of the 
hemisphere is the region of the hippocampus, below them the 

corpus striatum. The figures show the relations of the commis- 

sura dorsalis and ventralis to these structures and to the ven- 

tricles In fig. 10 the aberrant commissure appears at a later 

stage and the writer states that it crosses over the ventricle in 

the bridge of gray matter formed by the fusion of the caudal 

extremities of the paraterminal bodies. After passing through 

the paraterminal body the fibers end in the hippocampus in a 

manner exactly analogous to that which characterizes the com- 

missura dorsalis in the most cephalic region of the hippocampus. 

He concludes that the commissure is derived from the caudal 

end of the hippocampus and crosses by the more direct route via 
the velum rather than by the longer one via the lamina terminalis 
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as do the commissural fibers in mammalia. It is formed, how- 

ever, as a distinct commissure only in Sphenodon and Lacertilia. 

He thinks it more than probable that its fibers are represented in 

amphibia by fibers which cross the roof of the diencephalon in 

the superior commissure. 

Superior commissure 

The superior commissure is a very constant tract in the ver- 

tebrate brain and has a very definite position. It les immediately 

cephalad to the stalk of the epiphysis and below the pineal recess 

in the upper and hinder part of the diencephalon. Osborn (78) 

first gave it the name superior commissure and traced its homolo- 

gies. He showed it in the brain of Menopoma, fig. 8. It was also 

described at about the same time by Bellonci. Burkhardt (18) 

described its homologies in lower vertebrates, reptiles and birds. 

Cameron (15) gives an excellent account of this structure in tel- 

eosts, amphibia, reptiles, birds and mammals. In teleosts the 

tract appears early and he found fibers arising from the cells in 

one ganglion habenula and passing to the other, while other fibers 

passed to cells in the epiphysis of the same and also opposite 

sides, forming a real decussation. 
In amphibia he studied the frog, toad and newt. In these 

forms the commissure was found to lie some little distance cepha- 

lad to the stalk of the epiphysis with quite an interval between. 

He emphasizes this as an amphibian characteristic. This is not 

always the case, as in Necturus, Warren (97), it lies close to the 

stalk of the epiphysis. This is shown also by Osborn (78) in 
Menopoma, fig. 8, Mrs. Gage (28), Diemyctylus, and Kupffer 

(57), figs. 180, Salamandra. However Kupffer, fig. 228, Rana 

esculenta, shows the condition described by Cameron. In Came- 

ron’s amphibian type, he finds that later a second set of fibers 
appears in the anterior part of the commissure and does not enter 

the ganglia habenulae. He was unable to follow their further 

course. It is possible that these fibers may correspond to Elliot 

Smith’s commissura aberrans of reptilia which according to him 
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is homologous with fibers crossing the third ventricle in the supra 

commissure in amphibia. 

In Lacerta the commissure is well marked and appears first in 

an embryo of 17 mm., fig. 10. It becomes a well marked tract 

in higher stages, figs. 11-13. In Chrysemys it appears first in an 

embryo of 9.5 mm., fig. 20. As I mentioned above it is a curious 

fact that in these two forms and also in Necturus the commissure 

appears at the same stage in which the first traces of the lateral 

choroid plexus are seen. Cameron also describes a well marked 

commissure in reptiles. See also Burckhardt, Francotte, Dendy, 

Béraneck and others. 

In birds the commissure was first described by Dexter (’02) in 

the chick, figs. 2, 3 and 9. It appeared in a chick of 19.5 mm. 

Cameron finds it first in chicks of ten days incubation close in 

front of the epiphysis. Cameron (15) calls attention to the 

fact that in Cunningham’s Text-book of Anatomy, p. 506, men- 

tion is made of fibers from the stria medullaris that pass across 

the median line in front of the stalk of the epiphysis to reach the 

ganglion habenularum. Cameron considers these fibers homolo- 

gous with the superior commissure of lower forms. He found in 

studying sections of this region stained by the Pal-Weigert method 

that this commissure was well defined and divided into an anterior 

and posterior part by a cleft. He noticed also that some of these 

fibers passed into the epiphysis at its base on the opposite side, 

figs. 8 and 9. This shows that there is a distinct decussation 

of fibers here as was seen in amphibia. He observed furthermore 

that the fibers belonging to the striae medullaris lay in the ante- 

rior portion, while the posterior part was occupied by fibers arising 

in one ganglion habenula and passing to the other or to the 

epiphysis. ‘This hinder part alone he thinks to be homologous 

with the commissure of lower forms. 

The commissure has been described in pigs by Minot (72), who 

states that it is very constant in all classes of vertebrates, and 

Neumayer (75) has shown it in the sheep and rabbit (101), fig. 47. 

It always appears after the posterior commissure is well developed 

except in Ammocoetes, where it appears before the posterior, 

Kupffer (57). 
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Posterior commissure 

The posterior commissure is constant in all vertebrates and 

always precedes the superior commissure except in Ammocoetes. 

This tract is usually regarded morphologically as a part of the 

mid brain and as the boundary between mesencephalon and dien- 

cephalon. However, if we regard the ‘Schalthirn’ or synenceph- 

alon as a part of the fore brain as it really is, a portion of the com- 

missure must be assigned to the diencephalon. The first appear- 

ance of the commissure in the lizard is seen in fig. 8, Lacerta 

muralis, 4.5 mm. It forms a well marked flat band of fibers in 

the outer part of the wall of the brain and is confined entirely to 
the synencephalon. ‘This is still the case in fig. 9, Lacerta mu- 

ralis, 5mm. Kupffer (57), fig. 286, states that the posterior com- 

missure always appears first in the posterior part of the synen-. 

cephalon. At first there is a section of the synencephalon between 

this commissure and the epiphysis where there are no commissural 

fibers, but later in most cases this part is invaded by fibers and 

absorbed by the commissure. This is not the case, however, in 

Necturus where there is a portion of the synencephalon which 

always remains unoccupied by commissural fibers. After this 

stage it grows backward into the mid brain and there it spreads 

out and blends with the outer layer of the wall. It becomes very 

diffuse and has no definite caudal limits. In later stages as the 

mid brain encroaches on the fore brain the commissure becomes 

doubled over on itself and an anterior and posterior part is formed 

separated by a sort of septum which really consists of the outer 

cells of the brain wall. These points have been emphasized by 

Terry (102) in Batrachus. This encroachment of the mid brain 

and the doubling up of the commissure compresses the roof of 
the synencephalon to such a degree that this segment of the fore 

brain becomes virtually suppressed. It is a question whether 

we have to deal here with two commissures, or two distinct parts 

of one commissure, one forming first in the roof of the synen- 

cephalon and asecond of later appearance joining this and spread- 

ing into the mid brain. I have not been able as yet to determine 

this point. 
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In the turtle the same condition is seen, fig. 20. Here the 

commissure is confined to the synencephalon and later, figs. 21— 

22 spreads backward into the mid brain. In the turtle the com- 

missure is not doubled over on itself as was the case in the lizard. 

Epiphysis and pineal eye 

Of all the structures that develop from the roof of the fore brain 

the epiphysis and especially the pineal eye have been of the great- 

est interest to investigators. Consequently the literature on 

this subject is very voluminous and the region has been very 

thoroughly studied in all the more important vertebrate forms. 

It is intended to discuss here a few points only concerning the 

epiphysis and pineal eye as nothing especially new has been 

brought out in this paper on these structures. The models how- 

ever give a good view of the topographical relations of this region. 

The epiphysis always arises from the caudal part of the dien- 

cephalic roof and appears in every case before the paraphysis. 

Its anlage is the epiphysal arch, Minot (71), from which it 

appears first as a simple outgrowth. The superior commissure 

develops immediately in front of the epiphysis and usually lies 

close against its stalk, except in certain amphibia, where there 

is a distinct interval between it and the epiphysis, Cameron 

(15, 16), Kupffer (57), fig. 228. The epiphysis marks the caudal 

boundary of the parencephalon and behind is the roof of the 

synencephalon on pars intercalaris. Here develops first the 

posterior commissure which later usually takes in all that seg- 
ment and comes to lie close against the hinder side of the stalk 

of the epiphysis, Terry (102). In some cases, for example Nectu- 

rus, the commissure is separated from the epiphysis by a distinct 

interval. The epiphysis always remains attached to the brain 

by some sort of stalk which is usually very thin in adult forms. 

This stalk contains a cavity up to certain stages which communi- 

cates with the diencephalon, but the cavity is almost always oblit- 

erated before the final stage in development is reached. The 

changes in shape and size of the epiphysis in both lizard and turtle 
can be followed in the models. In both forms the organ is ex- 
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panded at its distal end and tapers to a rounded solid stalk at its 

proximal end which lies between the two commissures. That of 

the lizard is very attenuated in the adult stage., The epiphysis 

lies close against the caudal wall of the dorsal sack and is even 

embedded somewhat in it, especially so in the turtle. , In most of 

the stages the epiphysis is surrounded by vessels, figs. 11 and 20, 

and later lies immediately beneath the superior sagittal sinus, fig. 

22. In both the turtle and lizard the distal end of epiphysis and 

paraphysis come almost in contact. In the latter the proximal 

ends are separated by the wide dorsal sack and both structures 

develop over the top of this region until their distal ends are closely 

approximated. In the lizard the compression of the dorsal sack 

brings not only the distal ends but also the proximal ends of the 

two structures very close together. Francotte shows a section of 

this region in Anguis where the tip of the epiphysis is actually 

wrapped over the tip of the paraphysis. The epiphysis is pres- 

ent in all forms except myxinoids, Torpedo and crocodilia, Stud- 

nicka (90), Voeltzkow (96). 

In certain reptilia there is also present the parietal or pineal 

eye which lies at some distance from the epiphysis in the parietal 

foramen, fig. 13. The pineal eye or pineal organ resembles in 

many respects the paired eyes and has a nerve which connects 

it with one of the ganglia habenulae. The staining of my speci- 

mens was not favorable for the study of this nerve, but is is gener- 
ally accepted that such a nerve exists. (Francotte, Béraneck, 

Burckhardt, de Klinckowstr6m and Dendy.) Cameron (15, 16) 
has also shown nerve fibers passing from the ganglion habenulze 

of one side to epiphysal elements on the opposite side forming a 

true decussation in the superior commissure. He observed these 

fibers in teleosts, amphibia, birds and man. 

One of the most vexed questions about the development of 

these pineal organs concerns the origin of this so-called . ye. One 

set of writers considered that it was formed from the distal end 
of the epiphysis from which it was simply constricted off. An- 

other set maintained that the pineal eye arose by an independ- 

ent outgrowth from the brain and consequently there were two 

evaginations, one immediately in front of the other, the more 
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cephalic being the future eye, the more caudal the future epiphy- 

sis. Francotte suggested the following explanation, namely that 

the first vesicle to appear was the eye and the second coming 

behind it was the epiphysis. This latter outgrowth developed 

so close behind the former that it appeared almost to spring from 

its posterior wall, and as the two grew larger they became com- 

bined into what was apparently one vesicle. Heshows (30), fig. 

A, two outgrowths, one immediately in front of the other. In 

figs. 7, 8 and 9 he shows a large one and then a smaller one close 

behind the base of the larger. I am inclined to agree with this 

explanation of Francotte. Fig. 6 shows a large cephalic vesicle, 

then comes a very narrow lip and then a smaller caudal vesicle 
directed somewhat backward from the former. The first is the 

eye, the second the epiphysis. They have a common opening 

into the diencephalon from which the cavities of each slant caudad 

and cephalad. The lip between the two, which looks like a sort 

of septum partly dividing a single vesicle, is really the line of 

division between the two primary outgrowths which arose indi- 

vidually from the roof of the diencephalon. Therefore, the single 

outgrowth # seen in fig. 5 would be realky the pineal eye and the 

smaller caudal outgrowth in fig. 6 has probably appeared second- 

arily and will form the epiphysis. This latter, therefore, corre- 

sponds to the single evagination in the turtle, , fig. 18, where there 

is no pineal eye. This view of the individuality of the pineal eye 

is I believe now generally accepted although certain writers still 

claim that it is a differentiation of the distal end of the epiphysis. 

Another matter of interest is the question of the bilateral origin 

of the pineal outgrowths. According to the results of Béraneck, 
Dendy, Hill, Locy and Cameron it seems that there are in very 

early stages two bilateral outgrowths, one of which is always 

smaller than the other and soon disappears. Cameron (14, 16) 
shows these clearly in the chick and in amphibia and Dendy in 

Sphenodon. Both these writers found that the left outgrowth 
always persisted. Locy in elasmobranchs and Hill in teleosts 
and Amia also observed bilateral evaginations. In Amia Hill 

found that the left one disappeared while the right one devel- 

oped. Cameron argues that the fact that the nerve to the pineal 
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eye probably crosses from one side to the other as observed by 
Dendy and de Klinckowstrém goes to prove that the pineal out- 

growths are really bilateral. My specimens of Lacerta and 

Chrysemys did not show this bilateral arrangement. The region 

of the pineal organs is very thoroughly considered by Gaupp 

(34), and Studnicka (95) in Oppel’s Lehrbuch, V, 1904. 

SUMMARY AND CONCLUSIONS 

1. After the appearance of the primary fore brain vesicle the 

prosencephalon is subdivided into telencephalon and diencephalon. 

The diencephalon undergoes a further subdivision into two seg- 

ments, the cephalic one being the parencephalon and the caudal 

one the synencephalon or pars intercalaris. There are, there- 

fore, three subdivisions to the fore brain. 

2. The first segment or subdivision is the telencephalon, which 

is bounded caudad by the velum and the ridge passing from 

the velum to the optic commissure. From its roof develop the 

paraphysal arch, paraphysis and telencephalic choroid plexuses. 

From its lateral walls arise the hemispheres and ventrad to them 

the optic vesicles. In the floor is the optic recess and opening of 

the optic stalk. 

3. The-second subdivision is the parencephalon, which is 

bounded caudad by the hinder wall of the epiphysis dorsally, and 

by the tuberculum posterius ventrally. Between these points 

there is a slight ridge in early stages. From the roof arise the 

post velar arch, diencephalic plexus, epiphysal arch, both pineal 

organs, epiphysis and pineal eye, and the supra commissure. In 

the floor are the infundibular and mammillary regions. 

4. The second subdivision of the diencephalon is the synen- 

cephalon, or pars intercalaris. It is bounded caudad by a dorsal 

groove and a ridge which ends below at the highest part of the 
habenular flexure. Its floor is limited and the segment is often 

wedge shaped. In the roof a portion of the posterior commissure 

develops. 

5. The mid brain probably is subdivided into two segments 

after the primary mid brain vesicle is formed. 
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6. The three subdivisions of the fore brain and the two sub- 

divisions of the mid brain presumably are secondary segments. 

They do not seem to correspond exactly in structure with the 

typical hind brain neuromeres and should therefore be distin- 
guished from those segments which appear earlier and are essen- 

tially primary neuromeres. 

7. In the lizard the paraphysis develops from one, two or 

three primary outgrowths from the paraphysal arch. These ap- 

pear first in embryos of 3.2-3.6 mm. The organ forms a long 

tube with well developed tubules in its distal part and has a sort 

of sinusoidal circulation. It is closely moulded over the dorsal 

sack. 

In the turtle it develops from one outgrowth seen first in em- 

bryos of about 6-7 mm. It becomes a relatively complicated 

structure with many lateral tubules and a sinusoidal circulation 

approaching that of amphibia. As in the lizard it grows back- 
ward in close contact with the dorsal sack. 

8. The velum in both lizards and turtles forms only a slight 
angle in early stages and is later much reduced towards the me- 

dian line where it becomes a mere lip, which forms the caudal 

boundary of the opening of the paraphysis. 

9. The post velar arch in the lizard forms a wide dome-like 
dorsal sack which later becomes compressed to a high, deep trans- 

verse slit. In the turtle the post velar arch forms an extensive, 

vaulted dorsal sack which does not undergo that compression so 

striking in the lizard. 

10. The pineal eye and the epiphysis of the lizard arise as two 

outgrowths from the epiphysal arch, that for the eye being imme- 

diately in front of that for the epiphysis. The outgrowths appear 

in embryos of 2.4-3.6 mm. The pineal eye is separated from the 

epiphysis in an embryo of 5 mm. and migrates gradually from the 

region of the epiphysis to reach in final stages the parietal fora- 
men. The epiphysis always remains attached to the brain by 

an attenuated solid stalk and becomes much expanded distally. 

It lies close against the caudal wall of the dorsal sack. In the 

turtle there is no pineal eye. The epiphysis appears at 5 mm. 

and becomes an elongated body with an expanded tip and rounded 

stalk. It curves forward and lies over the dorsal sack. 
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11. The superior commissure is well developed in both lizard 

and turtle. It appears in the former in embryos of about 17 mm. 

and in the latter in embryos of about 8.9mm. In both cases it 
is coincident with the first appearance of the anlage of the lateral 

plexuses. 

12. The posterior commissure develops first in the roof of the 

synencephalon or second subdivision of the diencephalon. It in- 

vades the mid brain later. 

13. The plexus choroideus lateralis is much better developed 
in the turtle than in the lizard. It appears in the former in 

embryos of about 8.9 mm., in the latter in embryos of about 17 

mm. 
The diencephalic plexus is very much more highly developed 

in the turtle than in the lizard. It forms two lateral masses that 

occupy the whole length of the dorsal sack from the velum to the 

supra commissure. Its anlagen appear first in embryos of about 

16 mm. In the lizard it appears later, 37 mm., and occupies the 

apex only of the narrow dorsal sack. 

The telencephalic plexus or plexus inferioris in the turtle is 

possibly represented by short bilateral prolongations growing 

caudad from the lateral plexus. There is no sign of them in the 

lizard. 

In conclusion I wish to acknowledge the valuable advice and 

assistance kindly given me by Professor Minot in the preparation 

of this article. 

ADDENDA 

I regret that I was unable to consult the two following papers 

before the main part of my article was written and sent in for 
publication. The first paper by Tandler and Kantor (105) 
gives a most admirable series of pictures of models of the brain 

of the gecko. The general development of the pineal region 

corresponds closely to that shown in my models. The para- 

physis, however, is carried backward until its tip overlaps the 

epiphysis and both of these structures are crowded against the 

wall of the mid brain. In the oldest stage (fig. 17) there is no 

diencephalic choroid plexus in the dorsal sack and no signs at 
any stage of the pineal eye. The synencephalic segment of the 
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diencephalon is well marked in the early stages. The second 

paper by Dendy (103) gives a very interesting and thorough 
description of this region in sphenodon. Especially interesting, 

is Dendy’s statement of the shifting of the opening of the para- 

physis and the formation of the supra commissural canal, text 

fig. 3. I was unable to observe this in Lacerta muralis. The 

circulation and topographical relations of the pineal complex are 
well shown in text figs. 13-16. The formation and histological 

structure of the pineal eye has been treated very thoroughly and 

with great care. 
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MORPHOLOGY OF THE TUBULES OF THE HUMAN 
TESTIS AND EPIDIDYMIS 

JOHN LEWIS BREMER 

Harvard Medical School, Boston, Mass. 

TWELVE FIGURES 

The intention of this paper is to show accurately the form of the 

seminiferous tubules of the testis and of the tubules of the epididy- 

mis, and to trace their development in man, especially in the late 

embryonic and fetal stages. With this study the blood vessels 

are so intimately associated that a description of them is added. 

TESTIS 

Many attempts have been made heretofore to decide whether 

the tubules are single with blind ends, or anastomosing, or merely 

branching, but the methods used gave contradictory results, and 

were unsatisfactory. Teasing methods are not convincing, be- 

cause, in spite of the particularly tough reticular tissue described 

by Hill as encircling them, the tubules are easily broken;and in- 

jections are never complete, as the injection mass is forced through 

the walls of the tubules before the resistance of the many con- 

volutions is overcome. The method employed as a basis of this 

paper is the study of serial sections, from which usually wax recon- 

structions have been made. The material is human, though fre- 

quently the many embryos of pig, sheep, cat, rabbit, etc., in the 

Harvard Embryological Collection have given valuable assistance 
in interpreting the human material. 

Allen has given us an account of the origin of the seminiferous 

tubules, of the rete testis, and of the connections of this latter 
with the tubules of the Wolffian body on the one hand and the 
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testis tubules on the other. His results, obtained by studying 

pig and rabbit, I have confirmed, with slight variations in man. 

Briefly stated, Allen’s facts are these; the testis tubules originate 

as cords of epithelial cells containing germ cells, which grow inward 

from the peritoneal epithelium covering the middle third of the 

genital ridge; the rete is formed of similar cords growing inward 

from the anterior third of the same ridge. Both sets soon lose 

their attachments to the peritoneum, so as to lie free within the 

ridge. The rete cords, forming a network, grow into the medias- 

tinum, extending caudally to reach the inner or central ends of the 

testis cords, with which they become joined. On their way, the 

rete cords unite with the glomeruli of the Wolffian body, thus 

completing the passages by which the products of the seminiferous 

tubules are later carried away from the gland. The testis cords 
Allen described as anastomosing and branching, and occasionally 
growing parallel to the surface. 

Further detailed study of these testis cords gives rather sur- 
prising results. Instead of branching and anastomosing irregu- 

larly, as suggested by Allen’s description, the cords form a com- 

plete network, every cord anastomosing with others, leaving no 

free ends except those at the periphery and those near the medias- 

tinum. The bases of the cords, at the periphery of the gland, 

form free ends when they have lost their connection with the 

peritoneal epithelium from which they grew; and the distal ends 

of the cords, which, since growth is centripetal, are found near 

the mediastinum, are also usually free ends, though occasion- 

ally two may join at their tips. Otherwise all the cords are joined 

by anastomosing branches. As a whole this network is crescentic 

in cross section, occupying a peripheral zone of the genital ridge, 

of which the mediastinum is the eccentric core; this brings the 

central ends of the cords nearer together, and accounts for the 
occasional anastomosis of their tips. 

Although this network (fig.5) seems at first sight to be quite 
irregular, a more critical study shows that each of the cords has 

three (occasionally four) sets of branches, so that there are three 

sets of cross connections joining the radially disposed cords. 
One set of branches is given off a little distance from the peritoneal 

| 
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epithelium, and the branches run more or less parallel to the sur- 

face, as described by Allen; the second and third sets are given off 

respectively nearer the mediastinum. Beyond the third set of 

branches the cords grow centripetally without further branching. 
The figure or pattern thus produced, which is given in a very 

much simplified and idealized form in figure 1, results apparently 

from the fact that the testis cords possess a normal rate of branch- 

ing, and are moreover limited in length by the thickness of the 

genital ridge. Three, or possibly four, sets of branches, a certain 

distance apart, are all that each cord produces. 

Fig. 1 Diagram of testis network of human embryo of 20mm. Outer dotted 

line represents germinal epithelium, solid lines represent testis cords. 

The cords forming this network vary in diameter, and, though 

usually approximately round, in certain places they are flattened, 

forming plate-like structures, often where three or four cords join. 

Sometimes these plates are pierced, making larger or smaller 

rings. 

This network is completed shortly after the cords have become 

detached from the peritoneal epithelium, and before the central 

tips have joined the rete cords; in the human embryo this corre- 

‘sponds to a length of about 20 mm. to 22 mm. Further growth 

takes place in two ways; by the increase in diameter of the cords, 

and by the increase in thickness of the genital ridge, caused by the 
lengthening of the radially disposed cords, not at their ends, but 

throughout their whole extent, so that the cross connections are 
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more widely separated. No more branches are produced. With 

this there occurs, apparently, an absorption of the peripheral 

free ends into the network, leaving the outer set of cross connec- 

tions as a series of arches, joining the ends of the radial cords (fig. 

6). Also, since the cross connections do not lengthen so much 

as the radial cords, the network assumes a distinctly radial appear- 

ance. 

There now occurs a partial destruction of the network. AI- 

though there is a general increase in the diameter of the cords, 

certain ones, usually, but not exclusively, those forming cross 

connections, remain of their original size or even become smaller. 
Many of these attenuated connections soon become severed, strand 

after strand, and the loose ends are absorbed into the network. 

This partial destruction of the network goes on for a long time, 

in the human embryo certainly from 22.8 mm. to 9.1 cm., perhaps 

longer; in the later stages, when the cords have become more es- 

tablished, the loose ends are not usually retracted or absorbed, 

but remain as short knobs or as long branches with blind ends. 

The results of this process may be seen by comparing the models 

of tubules from embryos of 37.0 mm. and 9.1 em. (figs. 6, 7, 8 

and 9), a full description of which will be given later. At a glance, 

the destruction of the network and the consequent isolation of 

certain cords can be easily traced, as the figures are still uncom- 

plicated by convolutions. 

During this time the inner or central ends of the radial cords 

have come into contact with the rete cords, which also have formed 
a network. The rete network, the ‘Keimdriisennetz’ of Mihal- 

kowicz and other older writers, is quite irregular, of small mesh, 

and persists throughout life. It occupies the mediastinum testis, 
and in the lower two-thirds of this spreads out in a fanshape, fill- 

ing the space enclosed by the mass of the testis cords, which is 

itself cresentic in section. A single testis cord may come di- 

rectly in contact and join with the rete network, or peripheral rete 

cords may extend far into the area of the testis network, so that 

the boundary line between rete network and testis network is 

irregular and wavy (fig. 6). These extensions probably indicate 

the position of the septa of the adult testis, along which the tubuli 
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recti often run for some distance before Joining the seminiferous 

tubules. Frequently two testis cords anastomose just before 

joining a rete cord; on the other hand, one testis cord may be 

connected with several rete cords. 

In regard to the age at which the testis and rete cords join, I 

find such differences between my findings in man and Allen’s 
in pig and rabbit that they seem worthy of note. Allen gives the 

time of junction as about 13.0 cm. in the pig, and 21 days in the 

rabbit; in both cases the rete cords were already hollow before 

joining. Inman the development of this connection is much more 

rapid, though there seem to be quite wide individual variations. 

At 16.0 mm. there is no extension of the rete cords downward, 

while at 23.0 mm. the cords have already grown past the upper 

glomeruli into the mediastinum , and in embryos of 32.0 mm. have 

already united with the testis cords. (In one embryo, H. E. C., 

no. 819, of 19.0 mm., this union has taken place.) For some time 

after joining, the rete cords in man remain solid, without lumen. 

This precocious development of the rete cords in man may 

be correlated with the small size and rapid degeneration of 

the mesonephros, as compared with that of pig and rabbit. In 

the sheep, another embryo with large mesonephros, the rete again 

develops late; whereas in the cat, whose mesonephros is small, 

the rete cords and testis cords have nearly joined at 24.0 mm. 

(He. C., no. 467). 

By the end of the third month or the middle of the fourth the 

rapid destruction of the testis network probably ceases, though 

many connections may be severed much later; my preparations 

give no information onthis point. The cords become so long that 

they are forced into convolutions, which increase progressively 

till puberty; on the other hand the cords decrease in diameter, 

becoming more and more slender until at seven months they are 

of about one-half as great diameter as at three months. From 

seven months on there is a gradual increase in calibre. This reduc- 
tion in size may be due to a rearrangement of the cells to allow for 

the rapid increase in length. The convolutions are in short, stiff 

curves, which remain within a small area, condensing the connec- 

tive tissue around them. It thus happens that different parts of 
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the same tubule are isolated from each other, and le in compart- 

ments, which can be easily recognized in the adult testis, marking 

subdivisions of the parenchyma between the septa. al 

The greatest complexity of convolutions is in the peripheral 

part of the gland, and apparently in the cross connections, not in 

the radial cords, which latter may frequently be seen in the adult 

running from the rete with only a slightly wavy course to a con- 

1-2 o 45 6 7 

Fig. 2 Diagram of the course of-several tubules in testis of seven months 

fetus, made by noting their connections and the positions of the various branches 

in the gland. The original network is represented by fine lines, the permanent 

portions of the tubules by heavy lines; rete connections at bottom of figure. 

voluted portion situated near the outer surface of the gland. The 

diagram (fig. 2) gives the approximate course of several tubules 
in a fetus of seven months and suggests from what part of the 

original network they have been derived, while the model (fig. 11) 

shows the actual form of some of the tubules at the same age. In 

the adult I have been unable to follow completely any single tubule 

but from the portions studied I feel convinced that, except for 
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the greater number of convolutions, the conditions are similar 

to those found at seven months. 
From the diagram we see that there are to be found tubules 

with no connections whatever, except that with the rete, ending 

blindly ; others with several branches which end blindly; others an- 

astomosing with their neighbors. In one a short blunt knob, z, 

was seen (found also in the adult testis) such as has been described 

as commonly present by some authors. But to me the most in- 

teresting part of the diagram is the preservation, at seven months 

and probably in the adult, of the course, connections, and position 

of each tubule as determined for it by the original network of the 

testis cords. 

THE BLOOD VESSELS 

Hill has described the development of the blood vessels of the 

testis in the pig, and in a later work has apparently taken for 

granted that, although the adult arrangement in pig and man 

differ widely, the early development is similar in each case. In 
the pig the spermatic artery arises as a separate vessel from the 

dorsal aorta, caudal to the last mesonephric artery, or rarely as 

a branch of the latter. It makes its way horizontally to the 

mesial border of the Wolffian body, and then turns upward, toward 

the head, passing mesial to the mesonephric arteries, and crossing 

over the last five or six of them, to reach the genital gland; it thus 

approaches the testis from the caudal end. In man there is no 

such vessel formed. The arteries to the Wolffian glomeruli in 

the region of the future testis send branches to supply the gland 

directly, so that at first there are many spermatic arteries, which 

enter all along the attachment of the testis to the Wolffian body. 

On examining embryos of other mammals in regard to the 

origin of their spermatic arteries, I find that in sheep, rabbit, cow, 

and deer (cervus capreolus) a separate vessel is formed to supply 

blood to the genital gland, whether it be testis or ovary; while in 

the cat the arteries to the glomeruli send branches directly to the 

gland. In sheep, the new artery is more apt to arise as a branch 

of the last mesonephric artery than as a direct outgrowth from 

the aorta, and in one deer embryo of 19.6 mm. (H. E. C., no 1230) 



400 JOHN LEWIS BREMER 

one ovarian artery is a branch of the mesenteric artery. I find 

here, then the same grouping of animals that occurred when the 

time of junction of rete cords and testis cords was under consider- 

ation; species with large Wolffian bodies (so far as my limited 

studies show) provide a new vessel for the genital glands, while 

those with small Wolffian bodies utilize branches from the nearest 

arteries. 

In man and cat the mesonephric arteries anastomose freely 

with each other before entering the glomeruli, and with the early 

degeneration of the glomeruli the number of mesonephric arteries 

diminishes gradually, until one only is left; this one is, however, 

connected with all the arteries of the testis, and so becomes the 

single spermatic artery. The factors in this decrease in number of 

the Wolffian arteries seem to be the descent of the testis, which 

stretches them into long parallel vessels, and the ingrowth of the 

cords which are to form the cortex of the suprarenal body, which 

occurs directly in the course of these vessels, and presses upon 

them. Incidentally it may be mentioned that small pieces of 

this suprarenal tissue are often carried down with the lengthening 

arteries, and left as the small aberrant glands not infrequently 

found on the posterior wall of the abdominal cavity, along the 

course of the spermatic artery. In a human embryo of 37.0 

mm. (H. E. C., no. 820) there are two complete spermatic arteries 

in each side, and four or five arterial stems parallel to the main 

arteries either joining them or ending blindly, evidently recently 

obliterated. In an embryo of 44.3 mm. (H. E. C., no. 293) one 

artery on each side remains, with two or three obliterated pieces 

beside it. In both embryos suprarenal tissue appears along the 

course of the arteries. This method of arriving at a single sperm- 

atic artery on each side in man accounts for the wide range in its 

point of origin in the adult, as described in the text-books of anat- 

omy. 
The veins of the testis in all the mammals examined arise as 

simple offshoots from the sinusoids of the Wolffian body in the 

neighborhood of the genital gland. 
The blood vessels of the testis in man, then, arise as two capil- 

lary networks, one from the branches of the efferent arteries of the 



HUMAN TESTIS AND EPIDIDYMIS 401 

glomeruli of the mesonephros, the other from the sinusoids. Both 

sets interdigitate with the network of cords, and extend beyond the 

the outer cross connections of the network so as to lie just under- 

neath the peritoneal epithelium. The flow of blood is in two 

directions from the hilus or mediastinum testis toward the peri- 

phery, and from the periphery toward the center; the veins also 

return the blood in both directions. There are at first, then, no 

terminal arteries or veins. As certain cords become destroyed, 

the capillaries lying near them are allowed to assume a straighter 

course; they then become the more favored vessels, grow larger 

and are established as main arteries or veins. Since the cross 

connections of the network are those most frequently severed, 

the radial vessels are the most favored, and hence the main arteries 

and veins of the testis run radially. But not infrequently, as we 

have seen, the radial cords are severed, and this fact accounts 
for the few main vessels which, though not figured by Hill, are 

commonly present in the adult testis, running diagonally or even 

for some distance parallel to the surface of the gland, quite deep 

within the substance. Another curious arrangement of vessels 

not mentioned by Hill, is found in the testis; three or four arteries 

run parallel to one another for long distances to supply an area 

which would usually be served by a single artery with short 

branches. To explain this it is only necessary to imagine that 
certain cross connections of the cord network which may at first 

have separated the different vessels quite widely, were destroyed 

_ late, after each vessel was well established, and that subsequent 
radial growth drew the vessels together. 

The terminal arteries are at their first appearance probably 

portions of the capillary network not favored by a direct course. 

In the fourth month three sets of terminal arteries can be made out, 

one set situated between the outer and second sets of cross con- 

nections of the testis cords, another between the second and inner 

sets of cross connections, and a third set nearer the rete. At seven 

months new arteries have grown from these, and also apparently 

from the main stems of the radial and peripheral arteries, so that 

the picture is much complicated; yet even in the adult, the embry- 
onic arrangement of three main branches from each radial artery 
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can be traced in some places. (Hill, fig. 12.) In both the fourth 

and the seventh months a vascular unit can be made out, asthe 

velns are arranged in a network around the terminal arteries in 

the usual manner. Hill mentions ‘‘vascular units which corre- 

spond to units of structure and which repeat themselves similarly 

throughout the organ,’ but does not state what these units of 

structure are; I have found in the testis of seven months and in the 

adult that the structural unit corresponding to the vascular unit 

consists of a number of coils of a single tubule enclosed in a com- 
partment, as described earlier in this paper. The border veins 

of the unit lie in the connective tissue which surrounds the con- 

volutions, the terminal artery pierces the compartment. It is 

probable that the terminal artery is the causative factor in this 

unit; the portion of a tubule situated nearest to the artery would 

be more favorably placed for growth and consequent convolu- 

tion, than the portions of the tubule further from the blood supply; 

the convolutions would therefore form around the arteries, one 

set for each terminal artery. These units are quite large, readily 

visible to the naked eye; the capillaries surrounding the tubules 

are therefore of considerable length. As structural units they are 

not typical, like the unit of the lung or of the salivary glands, since 
they only very occasionally represent the terminal, blind ends of 

the secreting or active portion of the gland, and since there is no 

constant relation between the terminal artery and the channel 

through which the secretion leaves the unit. One tubule passes 

through several units, but all the convolutions within a unit be- 

long to the same tubule. 

The peripheral layers of the original capillary networks, both 
arterial and venous, interdigitate with the peripheral portions of 

the cords, while these portions are still attached to the peritoneal 

epithelium from which they grew. When this connection is lost 
and the peripheral ends of the cords have been absorbed into the 

network, the peripheral vascular networks remain, and become in- 

corporated in the vascular layer of the tunica albuginea; the main 
vessels are given their prominence by their direct connections 
with the main radial vessels within the testis. In the ovary, this 
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same peripheral layer of the vascular network is buried within the 

organ, and becomes the system of arched vessels found between 

the medulla and cortex. For in the ovary, the original or medul- 

lary cords degenerate, and new cords (Pfliiger’s cords) grow from 

the surface, carrying before them the vessels which lay just be- 

neath the surface. From these new vessels grow peripherally, 

while the network, which supplied the medullary cords for the most 

part is lost. The terminal arteries of the ovary, then, like the 

real sexual cords, are secondary affairs when compared with similar 

structures in the testis. 

EPIDIDYMIS 

The precursors of the epididymis are the anterior mesonephric 

tubules, which form the ductuli efferentes, and the anterior 

portion of the mesonephric duct, whose convolutions form a large 

part of the head and the tail of the epididymis, while the posterior 

part remains unconvoluted and forms the ductus deferens. As 

in the case of the testis tubules, this paper deals with the more 

detailed morphology of the epididymal tubules in man, especially 

in the late embryonic and fetal stages. 

Perhaps the most accurate accounts of the Wolffian tubules 

are those of MacCallum, who studied pig, and, less thoroughly, 

man, and Grafe, who worked with chick material. According to 

MacCallum the tubule of a fully formed Wolffian body, in the pig, 

is a long affair, running from the glomerulus in sweeping curves, 

from mesial to lateral border of the organ (see his text-figure no. 

8). Some of these tubules were seen to branch soon after leaving 

the Wolffian duct, others just before entering the glomeruli. 

‘‘Byvidences of anastomosis and the formation of networks of 

tubules were also made out,’’ particularly in the region of the dor- 

sal border. MacCallum made models from serial sections and also 

injected fresh material; the anastomoses and networks were found 

by the latter method. Grafe also found branches of the tubules, 

and affirms that they indicated new tubules which have grown by 

budding. He also made a point of the fact that some of the tu- 
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bules enter the duct on its dorsal aspect, some on its ventral. In 

the chick the tubules are not so long nor soconvolutedas in thepig. 

In man also the tubules seem to be of two more or less distinct 

groups, one entering the mesonephric duct on the ventral, one 

on the dorsal side, and these two groups run with fewconvolu- 

tions along the ventral and dorsal borders of the gland respectively 
to the glomeruli, which lie far dorsally. The tubules of the ven- 

tral set thus approach nearer to the genital anlage than their 

respective glomeruli, but this is not true of the dorsal set of tu- 

bules. None of the tubules in man ever attain the extreme length 

found in pig, sheep, rabbit, and other animals which retain func- 

tioning Wolffian bodies to an advanced embryonic age. MacCal- 

lum found the full formation of the Wolffian body in the pig at 

between 40 mm. and 95 mm., while in man he noted a reduction 

of the number of tubules after 12 mm. This latter statement, 

however, I cannot reconcile with what I have found in the embryos 

of man in the Harvard Embryoligical Collection, unless very wide 

individual differences occur. MacCallum counted 27 tubules in 

one Wolffian body in a human embryo of 12 mm., 20 in one of 14 

mm., and 9 in one of 20 mm.; while, as the following table shows, 

I have found no constant reduction in the number of tubules up 

to 44 mm. 

Number of tubules in one Wolffian body 

LENGTH OF EMBRYO | H.E.C. no. TUBULES 

4.0 714 23 

U3) 256 34 

8.0 817 28 

9.1 734 35 

9.4 529 SY/ 

10.0 1000 34 

11.5 189 30 

12.0 816 27 

16.0 1322 30 

19.0 819 25 

22.8 871 31 

37.0 820 33 

44.3 293 32 
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These numbers are not affected to any appreciable extent by the 
formation of new branches, as in no case have I found more than 

five or six of these in one Wolffian body. That the tubules must 
remain as functioning and useful parts of the embryo longer than 

is suggested by MacCallum will be evident when we consider that 

the kindey in man is only beginning to be provided with glomeruli 

and convoluted tubules in an embryo of 20 mm.; but there seems 

to be no constant relation between the size of the Wolffian body 

and the growth of glomeruli in the kidney, since the kidney in 
pig is fully as far advanced at 20 mm. and in later stages as in 

man, in spite of the much larger and longer lasting Wolffian body. 

Hill agrees with Pohlman, that the vascularization of the human 

kidney takes place between 25 and 30 mm.., a little later than the 

presence of glomeruli would indicate, and gives the size forpig 

embryosas28mm. The cause of the continued growth and activ- 

ity of the mesonephros in the pig and several other animals, even 

after the kidney is apparently able to act as an excretory organ, 

is a subject which I shall have to leave for future investigation. 
Of these mesonephric tubules the 6th to the 20th in pig, the 12th 

to the 20th in rabbit lie, according to Allen, opposite the rete 

region, and presumably (though it is not so stated by him) join 

with the rete cords. In man the rete region is more cephalad, 

opposite the first eight or nine glomeruli; but the rete cords anas- 

tomose not only with these but with many others in their course 

down the mediastinum. Occasionally the first one or two glom- 

~ eruli do not join the rete, and remain as small cysts, losing their 

tubules (fig. 3). Such isolated glomeruli would give rise to the 

appendix epididymis, described by Toldt as being present in 27 

per cent of cases examined. The disconnected tubules of such 

glomeruli would end blindly, as shown in fig. 3 and 4, and in 

fig. 12, and would ordinarily lie inconspicuously among the con- 

volutions of the epididymal duct; if the upper glomerulus and its 

tubule were separated by a considerable distance from the others, 

as I have seen it in two of the embryos studied, this blind tubule 

might form the infrequent lower paradidymis of Toldt, a single 

tubule in a connective tissue sheath lying behind the head of the 

epididymis. 
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The number of mesonephric tubules which join with the rete, 

as described by Allen and others, varies in the specimens examined 

from eleven to nineteen or twenty. The rete cords do not always 

meet the glomeruli, but in man not infrequently connect with the 

proximal part of the mesonephric tubule. This is the result of the 

course taken by the ventral tubules in the human mesonephrost 

as described above, for the rete seems to join with the neares, 

part of the tubule. Tubules thus tapped along their course are, 

Fig. 3 Diagram of epididymal tubules of a fetus of 10 em. To show slight 

branching and disconnected upper glomerulus. Many glomeruli have entirely 

disappeared; rete not indicated. 

by a rearrangement of their parts, brought to seem like two tubules 
each arising from the rete, one running to the duct, the other end- 

ing blindly, usually with an expanded end. Such a blind tubule 
may be seen in fig. 4, 2, and in a fetus of seven months I have 

traced five or six similar tubules. It is probable that theseare 
the tubules of the appendages of the rete testis, as described by 
Roth and Poirier, and also the upper, shorter ductulus aberrans, 
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described by other writers as opening into the rete and ending 

blindly. Roth and Poirier regarded them as tubules which, after 

acquiring a union with the rete, lost their connection with the 

Wolffian duct; but the presence of the blind tubules I have de- 

Fig. 4 Diagram of epididymal tubules of a seven months’ fetus. Junctions 

with rete indicated by fine lines. 

scribed renders unnecessary such an unlikely supposition as the 

separation of the tubule and the duct after a new channel has 

been formed. These tubules may lie inconspicuously among their 

neighbors or, as in the seven months fetus, be grouped together 

in a separate sheath of connective tissue. 
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In several embryos and in a fetus of three months and another 

of seven months I have found tubules lying in the rete region and 

yet uncorinected with the rete cords (fig. 4,4 and 15). In the 

older fetus such tubules are of smaller diameter than the ductus 

epididymis, but have a similar epithelium. If separated from 

their neighbors, these tubules would form the lower ductulus 

aberrans. The upper paradidymis of Toldt (organ of Giraldés) 

is probably correctly described by him as mesonephric tubules 

lying below the rete region but maintaining their connections 

with the duct. 

While not dealing in this paper with the histological differen- 

tiation of the epithelium lining these tracts, I may mention that 

this differentiation seems to depend not on the portion of the 

mesonephric tubules or duct which gives rise to any tubule in the 

adult, but on the connections which are permanently established. 

At three months the epithelium of the tubules and duct is similar, 

all trace of former differentiation having disappeared; at about 

seven months a new differentiation takes place, but this time all 

the tubules connected with the rete show a similar epithelium, 

all tubules connected with the duct have duct epithelium. Thus 

tubules of like origin may at seven months and later be lined by 
different kinds of epithelium. The similarity of the epithelium 

in the duct and the blind tubules emptying into it seems to me 

to point distinctly toward a secretory function of this coiled tube. 

As will be seen from the diagrams, (which have been compiled 

after carefully following each tubule in serial sections of theor- 
gans, and which have been offered instead of models or actual 

reconstructions, as showing more clearly the courses and connec- 

tions of the different tubules), there are several cases of branching 

in each epididymis, as found by MacCallum and Grafe in the 
Wolffian body. In only one fetus was an anastomosis found (fig. 

4,1and 2), andthe formation of a more considerable network was 

nowhere seen. It is probable that tubule 5, in the same diagram, 

originally anastomosed with tubule 4 or some other, since in this 

way the position of the persistent glomerulus may be explained, 

by imagining two tubules running to the same glomerulus, only 
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one of which joined with the rete. But anastomoses among the 

vasa efferentia of man must be considered as of rare occurrence. 

Convolutions of the vasa efferentia and the ductus epididymis 
begin to appear at about the fourth month of fetal life, as was 

found to be the case with the testis tubules. Here also the convo- 

lutions are in short, stiff curves, and here also certain portions of 

the tubules form groups of coils, joined by unconvoluted portions, 

each group ultimately developing a vascular unit of its own. In 

the case of the coni vasculosi, single vasa efferentia are usually 

separated by connective tissue, though occasionally two or more 

may be intertwined; each conus contains several units. In posi- 

tion the coni are of two distinct groups, lying mesial and lateral 

respectively to the convolutions of the ductus epididymis. This 

arrangement, not describea in the text-books, seems to be due 

to the two sets of mesonephric tubules which enter the duct on its 

ventral and dorsal aspect respectively, as described above; the 
ventral tubules form the lateral group of coni vasculosi. The 

head of the epididymis thus shows three main lobes, more or less 

distinct, the middle lobe containing the ductus epididymis. 

CONCLUSIONS 

1. The testis cords, growing from the germinal epithelium of the 

genital ridge, form a network with three sets of anastomosing 

branches. After completion, this network breaks down partially, 

leaving certain cords as persistent stems. The tubules of the 
adult show, in their course, connection, and position in the testis, 

traces of this network. Testis tubules may be single, ending 

blindly, may branch, or may anastomose. 
2. The unit of the testis is a considerable number of coils of one 

tubule, enclosed within a sheath; there are many units for each 

tubule, connected by less convoluted portions. 
3. The spermatic artery is not a special vessel, as in the pig, 

etc., but the survivor of the mesonephric arteries in the genital 

region. The others were obliterated by stretching and by the 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 4. 
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growth of the cortex of the suprarenal gland. Pieces of this latter 

are common along the course of the spermatic artery. 

4. The mesonephric tubules in man join the duct on either its 

dorsal or ventral side. The dorsal ones run dorsally, so that the 

rete tubules join their glomeruli; the ventral ones take a more 

ventral course, so that the tubules before reaching the glomeruli 

pass by the mediastinum testis, and are joined by the rete tubules. 

The glomerular ends of the ventral tubules form the appendages 

of the rete testis, (Roth and Poirier), and the upperductulus 

aberrans. 

5. The rete tubules in man develop opposite the first eight or 

nine mesonephric glomeruli, but are connected with many more 

in their course downward in the mediastinum. The first one or 

two may remain unattached, forming the appendix epididymis, 

their tubules making the lower paradidymis (Toldt). Tubules 

below the junction of the rete form the lower ductulus aberrans 

and the organ of Giraldés. 

6. The small percentage of cases in which these appendages are 

found is due to the fact that the tubules involved frequently lie 

inconspicuously among the convolutions of the normal ducts. 

7. The epithelium lining these appendages depends upon their 

final connections, not upon their origin. 
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Fig. 5 Model; testis of human embryo of 22.8 mm. (H. E.C., no.871). A segment 
of a transverse slice is shown; the limit of the genital ridge and the outer border 
of the mediastinum testis are indicated by dotted lines. The proximal or periph- 
eral ends of the cords have already lost their attachment to the peritoneum; the 
distal or central ends are seen reaching toward the mediastinum, in one case unit- 
ing at their tips. Except for these two sets there are no free ends, each branch 
forming an anastomosis with others; the cut surfaces represent connections be- 
yond the extent of the model. The arrangement of three cross connections shows 
best at the two cut edges of the model; plates and ring formation are also to be 
seen. X 180 diam. 
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Fig.6 Model; testis of human embryo of 37.0mm. (H. E. C., no. 820). Orientation 

same as in fig. 4. Peripheral ends of cords have been absorbed, leaving a series 
of arches as the outer border of the figure. The rete network has already joined 

the cords, and rete cords can be recognized by their small diameter; the lower dot- 

ted line indicates their irregular extension. Other cut ends represent, as before, 

anastomoses beyond the limit of the model. Fewer cross connections, more radial 
disposition of cords. X 180 diam. 
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Figs. 7,8and9 Models; human fetus of 9.1 cm., age given as three months. Tu- 

bules from different parts of same testis; figs. 8 and 9 two views of same model. 

The rete cords are slender with cut ends. Thelarge cut ends represent anastomoses 

with tubules not modeled. Loops formed by radial tubules and cross connec- 

tions are seen, some including the peripheral set of cross connections, some the 

second set; while shorter connections of the central set can be made out nearer 

the mediastinum. In fig. 8, at a, a peripheral loop is just breaking apart; in fig. 7, 

at x, another has just been severed. Atbandc, in figs. 8 and 9, the tubules are very 

small and will probably part in a short while. Tubule A is unconnected except 

near the rete, and consists of a radial cord with the greater part of a peripheral 

loop. Tubule B has a short anastomosing branch representing the inner set (at 

e) and a looped end consisting of the outer two sets of connections and the part of 

the radial tubule between them, the rest of which has been lost. Tubule C has all 

three sets of connections represented. Ring formation can be seen at r. X 90 

diam. 

Fig. 10 Model; human fetus of about 10.0 cm., age given as 106 days. Convolu- 

tions have begun, chiefly in the cross connections; the tubules have become of nearly 

even diameter. The only blind ends are at x and y. Tubule A is connected with 

three rete tubules, and extends only to the inner cross connection, which can be 

traced through a few convolutions to another radial limb, also without branches 

till near the rete; aseparate short loop is thus made. Cross connections belonging 

to the other two sets are recognizable, and can be traced easily in the actual model. 

< 90 diam. 
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PLATE 1 

Fig. 11 Model; human fetus of seven months. Two tubules of the testis with their 

connections. The tubules are colored red and yellow, (tubules A and B). Cross 

connections between them, of which there are two, are colored two shades of orange 

and represent the outer and middle sets. From the outer cross connection come 

two branches, one anastomosing with other tubules, not modeled, the other ending 

blindly at z From the other cross connection there is also an anastomosing 

branch, a; while other branches from tubule B, which should be considered as be- 

longing to the middle set, are seen at b andc. The inner set of cross connections 

is represented by branches y and z, of which y ends blindly. Tubule B joins an- 

other before meeting the rete tubule (fig. 5) while two rete tubules connect with 

tubule A. The group of tubules in yellow, between the middle set of cross con- 

nections and the periphery, form a unit; a single artery supplies them, and a 

network of veins surrounds them, lying partly between them and the tubules 

in orange. At r a ring is seen in the course of tubule A. X 90 diam. 

12 

Fig. 12 Reconstruction; epididymis of human fetus of about 10 em., age given at 

106 days. The Wolffian duct is shown with fifteen Wolffian tubules opening into it 

one of which is traced to the rete (shown by the fine line), the others represented 

as cut short. The upper end of the duct is probably the first tubule which has 
failed to unite with the rete. The connections of all the tubules is shown in fig. 4. 

x 40 diam. 
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INTRODUCTION 

In a brief communication presented at the 1908 meeting of the 

Association of American Anatomists and published in the Anatom- 

ical Record, April, 1909. I have summarized the results of experi- 

ments which showed that spermatozoa, ripe ova, and newly fertilized 

ova of the frog and toad are very susceptible to the X rays, that 

the susceptibility decreases early in the second hour after fertiliza- 

tion, then rapidly increases to a maximum during the earlier 

cleavage stages, and finally greatly decreases during the period 

of gastiulation. In 1909 and 1910 further experiments have 

served to confirm these results and to throw some new light on 

the nature of the effects of X rays on living tissues. In order 

that the more general bearings of these experiments may be the 

better appreciated it seems advisable, before describing the 

experiments in detail, first briefly to review work of various 

investigators which seems to give insight into the fundamental 

features of the action of the X rays on protoplasmic activity. 

The activities of protoplasm may be divided into three corre- 

lated groups, sensory-motor, metabolic, and morphogenic. 

Exposure to the X rays apparently does not directly disturb 

the sensory-motor activities. Motile unicellular organisms and 

the spermatozoa of the higher organisms seem to move about as 

freely when exposed to the rays as when not thus exposed.! 

Joseph and Prowazek have described in Paramoecia and Daph- 

nia a negative tropism toward the Roentgen rays. This is cer- 

tainly not well marked in the paramoecia with which I have 

experimented. Paramoecia exposed for twelve hours to the 

rays showed no disturbance in freedom of movement either dur- 

ing exposure or subsequently. Muscular and ciliary activity 
in planarians exposed to the X rays for considerable periods was 

apparently not directly affected by this exposure. Specimens 

1Bohn, Comptes rendus de |’Acad, de Sciences T. 136 1903, p. 1085 states that 

in vitro radium rapidly causes cessation of motion in the spermatozoa of the sea 

urchin. Hertwig, 1910, on the contrary finds that 16 to 23 hours exposure to 

radium does not affect the motility or the fertilizing capacity of the sperma- 

tozoa of sea urchins. 
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repeatedly exposed to the X rays continued to react normally to 

light, to mechanical and chemical (food) stimuli. ‘Tadpoles 

repeatedly exposed show no direct impairment of movement. 

On the other hand Barratt (10) has recently found that under a 

dise of radium bromide the skin of the rabbit after two and a 

half hours exposure becomes pale while about the margin of the 

dise a circle of pigment is formed. This probably indicates that 

pigment carrying cells are stimulated to movement by irradi- 

ation. Casemir (’10) described a cessation of nuclear and cell 

division in germinating Vicia faba after two and a half hours 

exposure to the Roentgen rays. 

The metabolic activities of protoplasm cannot well be directly 

followed. Since active life cannot persist without constant meta- 

bolism and since exposure to the rays does not as a rule make its 

effects visible for some time after exposure, it seems fair to con- 

clude that the simpler metabolic functions are not immediately 

affected by the X rays. In paramocea exposed for twelve hours 

to the rays I have found no apparent disturbance of metabolism 

either during or subsequent to the exposure. M. Zuelzer found 

much variation in susceptibility to radium in different species 

of protozoa, when observed under the microscope during expo- 

sure. In those showing direct injury the nucleus appeared affect- 

ed before the cytoplasm. Planarians repeatedly exposed to the 

X rays subsequently die (usually about a month after the first 

severe exposure). The first effects are seen in the region of the 

head in which there is a gradual degeneration, apparently in part 

parasitic in nature. It is uncertain to what extent these effects 

are to be attributed to interference of the simpler metabolic 

activities but it seems likely that they are to be attributed chief y 

to interference with those morphogenic activities which have to 

do with the restitution of worn or injured parts. In mammals 

Lepine and Boulud have described an increased amylasis after 

exposure of the pancreas to the X rays, and in the liver and bleod 

after moderate exposure an increased glycogenesis and glycolysis. 

After prolonged exposure both are diminished. Bearmann and 

Linser have described an increased elimination of nitrogen after 

severe exposure to the X rays. Irradiation has been used suc- 
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cessfully in reducing secretion of the sweat glands in man (Pusey). 

The mode of action in these cases is uncertain. 

It is undoubtedly the morphogenic protoplasmic activities 

which show the chief effects of exposure of living things to the 

X rays or to radium. These morphogenic activities may be 

subdivided into reparative, reproductive and differential or evo- 

lutionary activities. The reparative activities have to do with 

the restitution of worn or injured structures; the reproductive, 

with the multiplication of like individuals; the differential, with 

the organization of daughter individuals varying in structure 

to a greater or less extent from that of the parents. Unicellar 

organisms multiply largely by simple reproductive morphogenesis, 

while the cells in the bodies of multi-cellular organisms undergo 

extensive, though specifically determined differentiation. In 

some tissues, as in the nervous system, cell differentiation may 

lead finally to a loss of reproductive power, although not to a loss 

of reparative potentiality. In other tissues, as in the epithelium, 

the bone-marrow and the generative epithelium of the testicles, 

cell multiplication accompanied by specific differentiation of 

certain of the daughter cells continues through life. 

The various types of morphogenesis, the reparative, repro- 

ductive and differential, do not seem to be equally susceptible 

to the X rays. 

I know of no experiments made to test the effects of exposure 

on reparative activity unaccompanied by a reproductive or 

differential cellular morphogenesis. The test could most easily 

be made by removing a part of the body of a unicellar organ- 

ism and then exposing it to the X rays. Since most unicellar 

organisms, even after prolonged exposure, readily multiply by 

fission and the daughter cells have no apparent difficulty in assum- 

ing the parent form it would seem probable that such organisms 

would be able to regenerate lost parts after exposure to the rays. 

In multicellar organisms, the power of regeneration may be inhib- 

ited by exposure to the rays. 'Thus Bardeen and Baetjer (’04) have 

shown that exposure to the X rays inhibits the power of regener- 

ation in fresh-water planarians; and Schaper (’04), that exposure to 

radium produces similar effects. Since regeneration in planar- 
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ilans is due not only to multiplication and differentiation of cells 

but also, apparently, to tissue redifferentiation (morpholaxis- 
Morgan) it would appear that the power of differential morpho- 

genesis, even when not accompained by cell division, may be dis- 

turbed by irradiation. In the experiments mentioned, however, 

the chief effects of the rays seemed to be the inhibition of the 

formation and differentiation of new tissue. By exposing triton 

larvee to radium Schaper inhibited the regeneration of the tail 

and limbs. The wounds healed and a mass of cells accumulated 

in the region of the lost parts but no specific regeneration took 

place. Here the power of simple cell reproduction was not com- 

pletely inhibited, although the power of differentiating new tissues 

was destroyed. In the human skin exposed to the X rays one 

sometimes finds the Malpighian layer greatly thickened. Here 

again there appears to be an interference with differential morph- 

ogenesis, although not at first of cell multiplication. In the skin of 

mice exposed to radium G. Guyot, (’09)deseribes at first an increased 

activity in the multiplication of the cells of the Malpighian layer. 

Here, apparently, all the daughter cells undergo involution in- 

stead of only part, as in the normal skin. The reserve supply 

of genetic cells is thus used up and with the completion of involu- 

tion in these cells the skin becomes denuded of epithelium. 

The effects of irradiation on simple reproductive morphogenesis 

may be most conveniently studied in unicellular organisms. Ex- 

periments with these show that as a rule they are relatively very 

resistant to the X rays or to radium. Thus neither Paramoecia 

-aurelia nor Paramoecia caudatum showed any difference in form 

or in rate of division when exposed twelve hours to Roentgen 

rays, although 15 minutes exposure of toad eggs undergoing 

cleavage to these rays inhibited gastrulation. Schaudinn ’99, 

has shown, however, that some species are decidedly susceptible. 

Zuelzer (’05) has likewise described injurious effects which 

long exposure to radium causes in some protozoa. Bacteria are 

relatively resistant to the X rays although Rieder, and others, have 

described some inhibition of growth when the exposure was very 

intense. Similar effects have been described when bacteria 

are exposed to radium (Koerniche). The relatively great resis- 
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tance to the X rays exhibited by unicellular organisms seems to 

indicate that simple reproductive morphogenesis is not readily 

disturbed by irradiation. Even conjugating paramoecia seem 

to be in no way disturbed by such exposure and the subsequent 

offspring appear to be perfectly normal. If morphogenic deter- 

minants in these forms are injured by the rays they can apparently 

be, in most instances, repaired. The relatively stable condition 

of the cytoplasm, which in large part is carried over nearly 

unchanged from the parent to daughter cells doubtless plays a 

part in maintaining the general morphogenic stability. ; 

Differential morphogenesis, cell multiplication accompanied 

by specific change of organization, is readily influenced by irrad- 

iation both in plants and animals. Thus Koernicke (’04-05’), and 

others have found that sufficient exposures to X rays or radium 

may check the growth of germinating seeds. Tuilleminot (09), 

has shown that while there may be a slight germination of seeds 

exposed to X rays or radium the latter cannot take the place of 

sun-rays. Immediately after exposure development may be 

quickened but this is followed later by retardation and abnor- 

mality or even inhibition of development. Fertilized eggs in 

the early stages of development are, in all animal species studied, 

very susceptible to the X rays, although the eggs of some species 

are apparently somewhat more susceptible than those.of other 

species. Thus Perthes on exposing the eggs of Ascaris mega- 

locephala to the X rays found they give rise to irregular masses 

of cells or to abnormal embryos. Gilman and Baetjer showed 

that exposure to the X rays causes abnormal development in 

amphibian and avian eggs and Schafer and G. Bohn obtained 

similar results by exposing amphibian and reptilian eggs toradium. 

Tur has found that exposure of the eggs of the snail Philine 

aperta to radium gives rise to very abnormal larvee. The experi- 

ments of Bergonie and Tribondeau indicate that mammalian 

eggs are susceptible to the X rays. 

In the adult mammal those tissues in which differential 

morphogenesis is constant are those which are most susceptible 

to the rays. Thus the epidermis, the bone marrow and the gen- 

erative epithelium of the testicle are all highly susceptible. The 

EEE 
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tissues in which differential morphogenesis is not constant appear 

in large part, at least, to be merely secondarily affected through 

alterations produced in the general metabolism or blood supply 

by the injuries produced in the actively reproductive tissues. 

Toxic effects thus produced have been described in man and the 

lower vertebrates by a large number of investigators. Several 

of the smaller mammals have been killed by exposure to the rays.” 

Changes in the interior of the smaller blood vessels are frequently 

described after exposure to the X rays. Whether these are pri- 

marily due to the X rays or are the secondary effect of injuries 

produced in rapidly reproductive tissues is uncertain. Scholz 

and many others believe that the X rays and radium may pro- 

duce primary changes in the intima. Cl. Regaud, on the other 

hand has been able to produce extensive alterations in the seminal 

epithelium without visible alterations in the blood vessels of the 
testicles. 

The effects of the X rays on the testicles have been most care- 

fully studied by Cl. Regaud and his pupils to whom we likewise 

owe an excellent review of the literature of the effects of the X 
rays and of radium on the sex glands. (C. Regaud, ’08). Most 

of the work has been done on the testicles of the rat, guinea pig, 

and rabbit, but enough has been done on other forms to indicate 

that throughout the animal kingdom the seminal epithelium is 

exceedingly sensitive to irradiation. In small mammals, such 

as the rat, the effects are more rapid and complete than in larger 

animals owing, apparently, to the smaller amount of filtration 

of the rays by overlying tissues. The seminal epithelium is far 

more sensitive than the epidermis so that in the smaller mammals 

sterility may be produced without marked injury to the skin 

(Bergonie et Tribondeau, ’04). 

In the rat lesions in the seminal epithelium begin to become 

manifest two or three days after irradiation and from this time 

on they become more and more marked until at the end of the 

3rd or 4th week the generative elements may completely dis- 

appear. Regaud distinguishes two kinds of effects of irradiation, 

2¥or the literature on this subject see A. 8S. Warthin, 1906. 
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direct and cyto-hereditary. The former represent direct cell 

destruction, the latter alterations invisible in the exposed cells 

but which make themselves manifest in abnormalities and degen- 

eration in the daughter cells or cells of more remote descent. 

Since the lesions do not appear for several days after irradiation 

it would seem difficult to distinguish these two kinds of effects 

from one another. In experiments on fertilized amphibian ova 

in which the action of the rays can be more directly followed the 

effects seem to be always of the cyto-hereditary type and hence 

we should be inclined to believe it probable that such is also the 

case in the testicles, although here doubtless the effects may some- 

times become manifest at once in the daughter cells, at other 

times not until several generations if cells have been produced 

by division of the irradiated cells. 
Of the elements of the seminal epithelium the basal spermato- 

gonia appear to be the most sensitive. The mitotic figures in 

these cells and in those of the spermatocytes of the first order 

arising from them become in large part abnormal and the cells 

degenerate. In the experiments of Guyot we have seen that 

irradiation with radium apparently stimulates the cells of the 

Malpighian layer of the skin to hyperactive reproductive power 

accompanied by involution of all the daughter cells instead of 

only a portion of the daughter cells. It is not improbable that 

a similar condition is produced in the generative epithelium of 

the testicles. All of the daughter cells of the spermatogonia may 

undergo involution which, however, is abnormal and abortive 

in many of the daughter cells of the first generation. If the 

irradiation has not been too severe a few spermatogonia may 

remain for a time in a state of suspended activity and subse- 

quently may begin to divide again and give rise to new genera- 

tions of generative cells. At first, at least in the rabbit, many of 

the cells of the new generations are abnormal inform. (Regaut.) 

If the irradiation has been very severe the spermatogonia may all 

disappear so that permanent sterility is produced. 

While Regaud attributes to the spermatocytes of the first 

order a sensitiveness almost equal to that of the spermatogonia 

it seems not improbable that many of the abnormal cells belonging 
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to this generation have arisen from exposed spermatogonia. It 

is also possible that young spermatocytes of the first order are 

so affected by irradiation that they degenerate instead of expand- 

ing in the normal manner. Complex morphogenic processes 

are doubtless active during the growth of the spermatocytes and 

the substances governing these processes may be very sensitive. 

Ovarian ova are similarly sensitive during the period of growth. 

The spermatocytes of the second order show few abnormalities 

of form. Those exposed to the rays give rise to abnormal 

spermatids and spermatozoa but do not themselves manifest, 

as a rule, marked alterations. One would expect that the expos- 

ure of the spermatocytes of the first order would cause these to 

give rise to abnormal spermatocytes of the second order but 

apparently, as a rule, the spermatocytes of the first order are 

either destroyed by irradiation or affected in such a way that the 

effects first become manifest in the granddaughter cells (sperma- 

tids and spermatozoa.) 

Irradiation of the spermatids and spermatozoa usually does 

not affect the external form and development of these cells; it 

however has been shown that irradiated amphibian (Bardeen ’07) 

and mammalian spermatozoa (Regaud and Dubreuil ’08) may 

give rise to monstrocities in the ova which they fertilize. 
The nutritive syncytium of the seminal glands may presist 

after the complete disappearance of the generative cells but 

according to Regaud it is itself somewhat sensitive to the rays. 

The effects noted in the nutritive syncytium may perhaps be 

considered rather as secondary to injuries to the generative cells 

than as primary effects of irradiation. Regaud, however, believes 

that irradiation may produce in the syncytium a necrosis which 

secondarily causes the death of generative cells situated within 

its sphere of influence. 

After severe irradiation the interstitial cells of the testicle may 

be injured although they are far more resistant than the genera- 

tive cells. While Regaud believes the effects of irradiation on 

the interstitial cells are probably direct it would seem possible 

that they might be due to toxines produced by the necrosis of the 

generative cells. The connective tissues, vessels and nerves of the 
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testicle are, however, less affected by irradiation than are the 

interstitial cells. The modifications produced in the epididymis 

appear to be secondary to the aspermic condition of the testicles. 
In the ovaries the follicles are far more susceptible than the 

other tissues to the X rays or radium. The primordial follicles 

are more susceptible than the older follicles, (Specht, ’06; Ber- 

gonie et Tribondeau, ’07). 

In the primordial follicles the first modifications are seen in 

the nucleus of the ovule the chromatim of which becomes massed 

together. The protoplasm retracts and then apparently the 

epithelial cells act as phagocytes and absorb the ovule and then 

themselves disappear. In older follicles the effects are similar. 

The zona pellucida is more resistant than the other parts. (Ber- 

gonie et Tribondeau.) When female toads with uterine ova are 

sufficiently exposed to the X rays the ova do not complete the 

process of maturation and cannot be fertilized (Bardeen, ’09). 

The various experiments to test the action of the X rays and 

radium on the generative cells thus show that irradiation may not 

only produce marked disturbance in the normal process of mul- 

tiple differential morphogenesis of the sex cells but also may 

cause retrograde metamorphosis in the sex cells during the period 

of expansive differential growth, (spermatogonia of the first 

order, ovarian ova) and may prevent normal maturation. 

Clinically the X rays and radium are utilized for the following 

physiological purposes: (1) to cause atrophy in the apendages of 
the skin, (glands, hair;) (2) to destroy parasitic organisms in 

the tissués; (3) to stimulate tissue metabolism; (4) to destroy 

pathological tissues; and, (5) for their anodyne effect. (Pusey 

and Caldwell.) 

The cells of the sebaceous glands and the cells of the hair fol- 

licles seem to be somewhat more susceptible to the rays than are 

the cells of the deep layers of the epidermis so that atrophy of the 

sebaceous glands and hair frequently may be produced without 

serious injury to the epidermis. It is not certain whether or not 

the increased susceptibility of the cells of the sebaceous glands 

and hair follicles is due to the greater specific differential morpho- 

genesis which characterizes these cells, but this seems not improb- 

able. 

———EEeEeEeEeEeEEE7=~E 
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Sweat glands are much more insusceptible to the rays than the 

sebaceous glands, but improvement in some cases of hyperidrosis 

has been reported after exposure to the X rays. (Pusey) The 

action of the rays in these cases is not clear since it seems improb- 

able that atrophy of the sweat glands could be caused without 

resorting to exposures severe enough to injure seriously the epi- 

dermis. 

Beneficial treatment of malignant growths seems to be due 

chiefly to interference with cell multiplication and a consequent 

retrograde metamorphosis. In some carcinomata the cancer 

cells are evidently more susceptible to the X rays than the nor- 

mal epidermis is. This susceptibility is apparently to be ascribed 

to interference with the anabolism of genetic, probably nuclear 

material. The question as to whether cancers exhibiting a con- 

siderable degree of differential morphogenesis are more suscept- 

ible than those characterized by a comparatively simple multi- 

plication of like cells has not, so far as I am aware, been carefully 

studied. There is usually, however, some degree of differential 

morphogenesis in cancers. In sarcomata this is usually less 

marked and sarcomata seen to be frequently less susceptible to 

the rays than carcinomata. It is now well established that the 
differential morphogenesis of the normal epithelium may be 

occasionally so distributed by the repeated exposure to the X rays 

as to cause the production of carcinomata. 

The beneficial effect of X ray treatment in other than malig- 

nant growths may be due in part to a tonic stimulative irritation 

which moderate exposure to the rays may give rise and in part 

to inhibition of abnormal reproductive activity in the inflamed 

tissues, or to the destruction of tissues of low resistance. It does 

not seem to be due to any considerable extent to direct action of 

the rays on the organisms which give rise to the inflammation. 

The nature of the anodyne effects of the rays is not understood. 

The clinical use of the X rays in the treatment of diseases of the 

blood seems to depend upon the action of these rays on the pro- 

duction of blood corpuscles. 

It is possible that both X rays and radium might have a favor- 
able effect on development if carefully regulated in intensity. 
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Wintrebert, (’06) states that radium emanation within certain 

limits, the maximum of which is higher than that in any natural 

radio-active waters, stimulates the development of amphibian 

eggs and larve. Eggs, however, require weaker solutions than 

larvee and will die in solutions favorable to the latter. 

Having thus briefly reviewed the physiological action of the 

X rays on various tissues we may proceed to examine a little 

more closely into the nature of the cytological disturbances pro- 

duced by the rays. 

Various experiments on ennucleated unicellar organisms have 

proved that non-nucleated protoplasm retains for some time the 

power of sensory-motor response and of simple metabolic activity. 

The power to digest substances, is however, impaired; the power 

to secrete substances and the power to repair wounds are reduced; 

the power to form new chlorophyl granules is lost and the power 

of cellular reproduction is destroyed.* 

The effects of exposure to the X rays resemble so closely the 

effects produced by removing nuclei from cells that one is 

led at once to infer that the action of these rays is primarily 

exerted on the cell nuclei. The alterations exhibited in the 

cytoplasm may as a rule be referred to disturbances, visible or 

invisible, produced in the nuclei. In the main, the nuclear and 

cytoplasmic disturbances produced by exposure to the rays are 

exhibited not in the cells exposed but in daughter or granddaugh- 

ter cells or in cells of more remote generations. This leads us 

to believe that, as a rule, it is not so much the dynamically active 

substances in the nucleus as it is the reserve determinants which 

are injured by the exposure. On the other hand, the sensitive- 

ness of ovarian ova and of the spermatocytes of the first order 

during the period of rapid growth seems to show that the powers 

of constructive metabolism exerted by the nuclei are quite sus- 

ceptible to disturbance by exposure to the X rays. It is highly 

probable that the most complex of organic substances are the 

substances which govern differential morphogenesis and that of 

3For a review of the literature on this subject see Wilson—The Cell; Verworn 

Allgemeine Physiologie. 

| 
| 
| 
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the activities which these substances are called upon to excite or 

direct the most complex are those which have to do with their 

own anabolism. On this anabolism depends the reproduction of 

like individuals through sex cells. 

The belief that substances which govern differential morpho- 

genesis reside chiefly in the nucleus is based, in the main, on the 

fact that the spermatozoon plays a part equal to that played by 

the egg in transmitting inheritable characteristics. Since the 

chief part of the spermatozoon is the chromatic material in the 

head and since this chromatic material gives rise directly to half 
of the nuclear material of the fertilized egg the belief seems well 

grounded. Those who, like Meves, contend that there are spe- 

cific substances in the cytoplasm which play an equally or nearly 

equally important part in the transmission of heritable characters, 

have as yet offered no convincing proofs. That certain cyto- 

plasmic substances or structures, centrosomes, chondriosomes, 

and the like, may be passed on from parent to daughter cells 

through spermatozoa as well as through ova does not in any way 

prove that these structures are important determinants of the 

subsequent morphogenic differentiation. Until further proof is 

brought forward in support of the importance of the influence of 

the cytoplasm in determining differential morphogenic activity 

it seems safe to follow Hertwig in assuming that the chief deter- 

minants lie in the nuclei. The nuclei reside in and work on the 

cytoplasm, so that the power of the nucleus to determine differ- 

ential morphogenesis is determined in turn to some extent by the 

cytoplasm, much as the activity of any organism is determined 

by its environment. 
It is well known that the most characteristic chemical sub- 

stances in the nucleus are the nucleins, complex organic com- 

pounds containing phosphorus. It seems quite probable that 

the more complex of these compounds are the cell elements most 

easily disturbed by the X rays. The X rays are known to 

have the power of ionizing certain chemical substances. It seems 

quite probable that they may break down the more complex 

nuclear substances in such a way that the latter cannot be per- 

fectly restored. The loss of these substances may be noted 
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either within a few cell generations or not until a cytologically 

remote period. The destruction of ova, spermatocytes of the 

first order and spermatogonia is an illustration of the former, the 

failure of a limb to develop after exposure of a spermatozoon is 

an example of the latter. 

Apparently the most sensitive substances in the ovum are 

those destined to determine the final stages in somatic morpho- 

genesis. The more severe the exposure the earlier the cell gener- 

ations in which the effects of exposure appear. 

The sensitiveness of tissues to the rays depends upon the amount 

of differential morphogenesis which they are undergoing, or are 

destined to undergo, upon the rapidity of the production of nu- 

clear material and upon peculiarities either individual or specific. 

The most susceptible tissues are those undergoing differential 

morphogenesis accompanied by a rapid production of determin- 

ative nuclear material (germinating seeds, ova during the early 

cleavage stages, germinative epithelium of the testicles.) On the 

other hand, the least susceptible of organisms seem to be some of 

the unicellular plants and animals (bacteria, paramoecia.) In 

these, in spite of rapid production of nuclear material, resistance 

to the X rays is marked. This resistance may be attributed in 

part to specific characteristics (unicellular organisms are known to 

vary greatly in their sensitiveness to light) and in part it may, 

as pointed out above, be due to the relative lack of disturbance 

of organic stability in reproduction through simple cell division. 

In the higher organisms much idiosyneracy is shown in the 

sensitiveness of tissues to the X rays. The human skin, for in- 

stance, of some individuals is relatively resistant, in other indi- 

viduals it is ‘‘burned”’ by relatively slight exposures, while in 

rare cases the epithelium is altered so that it gives rise to epithel- 

iomata. If frog eggs be fertilized by exposed sperm most of the 

ova develop into abnormal larve. A few may pass through appar- 

ently normal tadpole stages and then show abnormalities during 

metamorphosis (failure of one or more legs to develop) and some 

may become apparently normal frogs. These differences must 

depend either upon individual differences in susceptibility of 

the exposed spermatozoa or upon differences in susceptibility of 
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the ova to alterations in the fertilizing spermatozoa or to both 

factors. Since not all of the molecules of a gas exposed to the 

rays are ionized, we find in inorganic as well as in organic com- 

pounds variations in susceptibility. 

To some extent, at least, idiosyneracy depends upon the general 

health of the exposed organism. When fertilized by exposed 

sperm ova which are overripe are much more prone to show 

marked deformities early in development that normal ova do. 

The susceptibility of cancer cells to the rays may be due in part 

to a weakening of the cancer cells produced by the reaction of 

the healthy tissues against the cancer tissue. In most instances, 

however, it is at present impossible to determine just what internal 

conditions make one organism at a given stage more susceptible 

to the X rays than a sister organism of the same stage is. 

In the following study of variations in susceptibility to irradia- 

tion of amphibian sex cells and larve at different stages of devel- 

opment, individual as contrasted with specific sensitiveness has 

to be taken into account. When a given lot of organisms has 

been exposed some individuals will show the effects far more than 

others. Those most affected will show the effects first, those’ 

least affected will show the effects late in developments or not 

at all. In a given group the greater the percentage of organisms 

severely affected the greater we may assume the susceptibility 

of that group. Thus we may compare the susceptibility of organ- 

isms at different stages of development by comparing the per- 

centage of severely affected organisms in the groups exposed. 

In the various experiments the developing eggs and larve were 

kept in large shallow glass dishes. The water was either fre- 

quently changed or was kept pure by a constant small stream of 

aeriated water. A small amount of various kinds of lake vege- 

tation was kept in the dishes and the older larve and tadpoles 

were fed with various kinds of food. Control experiments were 

carried on in all cases and every effort was made to keep the con- 

trol and experiment specimens under equivalent conditions. By 

the methods used it is easy to carry the developing organisms up 

to the stage of well developed tadpoles, when there are not too 

many organisms in the dish. Where not otherwise stated, 100 
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per cent of the control specimens were carried to this stage. 

Late in the season fertilized eggs obtained under natural condi- 

tions frequently show some abnormalities of development and 

at this period a certain percentage of the control specimens show 

abnormalities even during the earlier stages of development. 

Note is made wherever this occurred. 

To carry tadpoles through the later stages of development and 

metamorphosis special precautions are necessary. A_ large 

amount of well aeriated water and an abundance of food supply 

is necessary and even then a considerable number of apparently 

normal tadpoles usually fail to complete a normal metamorphosis. 

In the tables where the percentage of ‘normal specimens’ is 

given it is to be understood that by this term is meant the per- 

centage of tadpoles developing into large well developed tadpoles 

a few of which were isolated and followed through metamorphosis. 

When the percentage of isolated specimens which metamor- 

phosed was approximately equivalent to the percentage of a 

similar set of control specimens undergoing metamorphosis the 

whole group from which the experiment specimens were isolated 

was considered ‘normal.’ With greater facilities at hand it 

might have been possible to determine the percentage of the whole 

group capable of undergoing metamorphosis as compared with 

the control in each experiment. It was, however, possible to 

do this merely in the few experiments in which it has been noted. 

The effects of exposure may be roughly subdivided into the 

following subdivisions, although it is difficult to draw sharp 

lines of division between them. 
1. Development stopped during cleavage. Cleavage more 

or less abnormal figs. 1 and 6. 
2.° Gastrulation abortive or abnormal. May stop early fig. 7, 

or lead to: | 

a. spina bifida specimens (figs. 2 and 3,) and specimens 

with large anus (figs. 8, 9 and 10). 

b. hemi-embryos (figs. 4 and 5). 

3. Gastrulation complete though: more or less abnormal 

No distinct larval differentiation (fig. 11). 

a 
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4. Larve markedly abnormal very early in development 
(figs. 12—13). 

5. Abnormalities in larvee become well marked as the period 

for hatching approaches (figs. 14, 15 and 16). 
6. Failure of larve after hatching to grow normally into 

active healthy tadpoles. 

7. Failure of normal metamorphosis. _ 

In the following subsections this classification will be used in 
studying results of exposure at different stages of development. 

1. EFFECTS OF EXPOSURE OF SPERMATOZOA TO THE X-RAYS 

The following table gives a summary of the more successful 

experiments made to test the effects of exposure of the sperm of 

the toad and frog to the X rays. The details of the effects of this 

exposure on fertilization, cleavage, gastrulation, embryonic 

differentiation and subsequent development are discussed in 

the paragraphs which follow the table. 

TABLE 1 

Experiments on X-ray exposure of sperm 

=a RESULTS 

A | == = = s 
2 | & 2 | 
me | © | a GASTRULATION | GASTRULATION 
ee a 2 INCOMPLETE | COMPLETE 
| = | @  _ Sees < 
A ae alee ———— 
& | le | s | ' | 1 
° | | z be iB ligaetl alec! & 8 g REMARKS 
a | | <2} B D = | n| 3 Eo 5 | ~~ = 
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| = az 2 ior] 3 | 2 + > | € 25 Se 
eases || & | 2 lal 2 lg (eS Leelee laa 
= | Ss OA] Gg wisi gi aiSe & HH!|&e|] 68 nm | tH zm = ~~ OS =] ond | So |} Bs me | a 
Q z a2ip iS O|fA oO] AIO oo Aas | O&a!1| Aa 
Al <4 A Z a Ziy | |aia Et Wy | fe : 

| | | 

= = a 5 | acca Gar aca | > lo 5 => = = == 

Per (|Per|Per|Per| Per|Per| Per | Per | Per | Per 
cent \centicent cent cent cent) cent | cent | cent | cent 

1!Toad!15m.| 75 [49] Wales || 9.5 | 64.3! 26./2 Experiment discontinued 

2) Frog 30m.\ 156 [2] 5.4| 9.3) 0.7/12.4/11.9) 21.2 | 35 4 | two weeks after irradia- 

3 | Toad| 37m.) 150! [50] | 98.7 | ibe8} tion, at this time 11.9 per 

4 | Frog 30m. 650) [.8] 0.5) 0.1 3.7 | 77.4 18./3 cent appeared normal. 
5 | Frog 2hrs. 28 [50] hie a | 96.5 | 3.5 | 
6 | Frog 20m. 267 [3.5] | | 0.7 | 82.8) 11.6 | 4.9 

7 | Frog 12m. 370 [25.3] | 0.8 | hal | 7.8 | 76 15.4 
8 | Froz 40m. 60 [66] ples | | | 76 13-3) | 8:3 

9 | Toad 70 m. 250) | 97.1] 2.9 All appeared abnormal five 

|_ days after fertilization. 

Figures in brackets indicate percentage of eggs discarded because of lack of 

fertilization. 
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Fertilization 

There is no definite evidence that exposure to the X rays affects 

the power of spermatozoa to fertilize ova. The percentage of 

ova fertilized by spermatozoa in different experiments varied 
greatly; in some experiments nearly all, in others few or no ova 

were fertilized. The percentage of the ova fertilized seems to 

depend chiefly on the maturity of the sperm and the ova at the 

time of making the experiment. If the ova are mature nearly 

all are fertilized by spermatozoa obtained from males caught not 

too long after emerging from hibernation. Males, however, 

before being caught and brought to the laboratory may have dis- 

charged so large a proportion of their mature spermatozoa that 

an emulsion made from the testicles can fertilize comparatively 

few eggs. If the ova are in the right condition those fertilized 

seem to develop in essentially the same manner whatever be the 

proportion of the fertilized to unfertilized eggs. Apparently only 

those spermatozoa can fertilize which can fertilize normally. 

Uterine ova early in the breeding season fertilized by ripe sperm 

practically all develop normally. Late in the season the uterine 

ova are frequently over-mature. The capacity of these over- 

mature eggs for fertilization seems frequently to be reduced and 

some of them, even when fertilized by normal sperm develop 

abnormally. In studying the effects of the X rays or other agents 

on spermatozoa and ova it is therefore necessary to take the phys- 

iological conditions of the sex cells into consideration and to make 

careful control experiments. When careful control experiments 
are made it is usually found that the percentage of eggs fertilized 

by the control sperm corresponds closely with the percentage of 

those fertilized by the sperm exposed to the X rays. Thus for 
instance, in one experiment where frog sperm was exposed for 
twelve minutes to the X rays the percentage of eggs fertilized 
by the X ray sperm was 25.3 and that of those fertilized by the 
control sperm 26. In some of my first experiments a greater 

proportion of the eggs were fertilized by the control than by the 

exposed sperm, but all subsequent experiments have led me to 
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believe that this difference must have been due to other influences 

than those exerted by the X rays. 
The period of exposure of the sperm to the X rays has varied 

in my experiments from twelve minutes to two hours. The rela- 

tion between the percentage of ova fertilized and the length of 

time intervening between theremoval of the spermatozoa from the 

animal and the fertilization of the ova is less obvious than one 

might expect. Thus in one experiment in which the sperm was 

exposed an hour and ten minutes apparently every egg out of 

two hundred and fifty was fertilized while in another experiment 

after fifteen minutes exposure but 66 per cent of the ova were fer- 
tilized and in one after forty minutes exposure but 44 per cent were 

fertilized. Within certain limits power of fertilization decreases 

with the length of time elapsing between the removal of the sperm- 

atozoa and the fertilization of the eggs; up to an hour this factor 

has a less marked influence than the physiological development of 

the sex cells at the period of fertilization. 

Boveri and others have suggested that the spermatozoon cen- 

trosome (middle piece) contains those chemical substances which 

excite cleavage in the ovum. If this be true it is evident that 

centrosomes are relatively resistant to the X rays. 

2. Period of cleavage 

In all experiments, except in Experiment 2, cleavage in most 

of the eggs fertilized by exposed sperm seemed to be normal. 

‘In several of the experiments it appeared to be slightly more rapid 

than in the control eggs. In Experiment 2 a considerable number 

of eggs ceased development in the late cleavage stages, but this 

was found to occur in but one other experiment, (Expt. 7,) and 

here in but three out of three hundred and seventy eggs. In 

Experiment 2 the effects of the exposure of the spermatozoa on 

gastrulation and the early stages of differentiation of the larva 

were much greater than in any of the other experiments, even 

where the spermatozoa were exposed much longer to the X rays 

(table 1.) It, therefore, seems probable that the ova of this lot 

must have been slightly abnormal so that although most of them 



438 CHARLES RUSSELL BARDEEN 

were fertilized they were more deeply affected by the X ray 

sperm than are normal ova. Unfortunately my notes on the 

control of this experiment were misplaced before the marked 

difference between this lot of eggs and other lots fertilized by 

exposed sperm was noted. In casesin which development ceased 

in the late cleavage stages the cleavage cavity was, in the eggs 

examined, of at least normal size. Hertwig, 1910, has found that 

long exposure of the sperm of sea urchins and amphibians to 

radium gives rise to disturbances manifest in the early cleavage 

stages. 

3. Gastrulation 

In most of the experiments all of the eggs externally appeared 

normal during the period of gastrulation. In three experiments 

marked abnormalities appeared during this period in some of 

the eggs. The percentage of eggs thus affected was much the 

greatest in the atypical experiment mentioned above, (Expt. 2.) 

In this experiment in 9.1 per cent of the eggs gastrulation was 

abortive and development ceased after the production of a large 

blastopore through which a large yolk mass protruded. (figs. 1, 

6, and 7, plate 1). In 0.7 per cent of the eggs a hemi-embryo 

was formed similar to those artificially produced by Roux and 
others by injuring one of the blastomeres in the two cell stage, 

(figs. 4 and 5). In 12.2 per cent of the eggs more or less typical 

spina bifida specimens were produced similar to those produced 

by Hertwig and others in eggs placed in NaCl solutions, (figs. 

2 and 3). Marked abnormalities of this kind were much rarer 

in the other two experiments mentioned. In one of these, Experi- 

ment 4, 0.5 per cent of the eggs produced hemi-embryos and0.1 

per cent of the specimens were of the spina bifida type. In the 

other experiment (Expt. 8,) 1.7 per cent of the specimens showed 

an irregular cap of cells surmounting a protruding yolk mass. 

In a considerable number of instances in all of the experiments 

eggs which on external appearance seemed normal during the 

period of gastrulation, internally suffered more or less well 

marked abnormalities of structure. Inthe atypical experiment, 

(Expt. 2,) 11.7 per cent of the eggs ceased development soon 

ee a 
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after the blastopore closed. In some of these specimens the arch- 
enteron was very abnormally distended, in others it was rudi- 

mentary in character. A neural plate was well marked in some 

of the specimens. In some rudimentary traces of a notochord 

were found. In all the other experiments the specimens in 

which the gastrulation was internally abnormal went on to some- 

what further development so that specimens with a more or less 

distinctly larval form were produced. 

4. Period of larval differentiation 

(a) Early stages, (up to the appearance of the rudiments of the 

head and tail). In most of the experiments some of the specimens 

ceased to develop so early in the larval period or were so abnormal 

that the rudiments of the head and tail were not very distinct. 

In those experiments in which definite data were obtained concern- 

ing the proportionate number of forms of this character the per- 

centage varied from 3.7 to 9.5 except in the atypical Experiment 

2, in which the percentage reached 20.8. Examination of these 

rudimentary larvee revealed the fact that in most instances the ab- 

normalities must have begun to appear within the body during the 

gastrulation period. The extent of structural differentiation 

varied greatly. As a rule the neural tube rudiment was a some- 

what irregular mass of cells without a trace of lumen. The ali- 

mentary canal in some specimens was fairly well developed, in 

others it was either greatly dilated or very rudimentary. In 

some specimens in which other structures were but little differen- 

tiated some of the myotomes were fairly distinct. The noto- 

chord was at times somewhat differentiated, at other times not 

distinctly to be made out. Irregular outgrowths in some speci- 

mens indicated a head or tail (fig. 13). In one specimen a large 

‘cleavage’ cavity appeared at one side of the body. 

(b) Later stages, (from the period when the rudiments of 

the head and tail are distinct up to the time when normally the 

definitive tadpole form is assumed.) Specimens which at the 

beginning of the larval differentiation appear nearly normal 

frequently begin to appear abnormal during the formation of 
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the neural groove and still more so during the formation of the 

neural canal. Thus, for instance, in Experiment 4, in the neural 

groove stage about 25 per cent appeared decidedly abnormal. As 

the canal closed and the anlages of the head and tail appeared 

about 80 per cent became abnormal infrom and a quarter of these 

appeared extremely distorted. In all of the experiments the 

greater number of the larvee appeared abnormal during the latter 

part of larval differentiation (table 1). The variety of abnormal 

forms was very great. As might be expected, the earlier abnor- 

malities of development make themselves manifest the more pro- 

found are the deviations from normal structural form and, as a 

rule, the earlier the larvae die. The alterations in structural 

development manifest themselves in quite varied ways in differ- 

ent larvee from a given lot of eggs fertilized by a given lot of 

sperm. In one larva it is chiefly the cranial end that is affected, 

in another chiefly the caudal end, in a third the trunk may be 

relatively more affected than the head and tail. Internally the 

effects may be seen chiefly in the central nervous system, in the 

organs of special sense, in the vascular system or in the alimen- 

tary canal. In the more extreme types the external form and 

all of the internal organs are profoundly affected. 

In a previous paper, (’07), I have given a description of several 

of these abnormal larvee and have summarized the effects noted. 

I give here a brief review of this summary together with addi- 

tional data derived from subsequent experiments. 

GENERAL EFFECTS 

In all specimens growth is decidedly retarded during larval 

differentiation. If the larve are hatched or are shaken from the 

investing jelly they expand but slightly while the normal larvee 

increase very rapidly in size. Since this rapid expansion of the 

normal larve is known to be due largely to inbibition of water it 

is fair to assume that this inbibition of water and the subsequent 

secretion into the cavaties and into the connective tissues of the 

body is in large part inhibited or altered in the experiment 

specimens. 
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EXTERNAL FORM 

Head. In most, but not in all specimens, the head is decidedly 

abnormal in form. As a rule the distortion of the head. is due 

in the main to a failure of normal formation and expansion of 

the cerebral vesicles, but it may also be due in large part to the 

failure of normal differentiation of mouth, pharynx and gill slits. 

Frequently a sucker is formed when the head is but slightly 

developed but differentiation of a sucker may be relatively behind 

that of the head, and not infrequently the sucker is abnormal. 

Tail. In most specimens the tail is but a short deformed bud- 

like process, sharply deflected in a dorsal direction. It may be 

exceedingly rudimentary, but on the other hand in a few speci- 

mens it is relatively well developed. 

Trunk. In a large proportion of the specimens the abdomen 

protrudes markedly from the body. This protrusion is due to an 

abnormal dilatation of the body cavity. In most specimens there 

is a well marked dorsal flexion in the dorsal region of the trunk. 

This seems to be associated chiefly with defects in the develop- 
ment of the central nervous system. Irregular outgrowths from 

the trunk, especially in the ventral portion, are not infrequent. 

These seem to be chiefly finger like projections from the ectoderm. 

INTERNAL STRUCTURES 

Central nervous system. In those instances in which the effects 

are most profound in the neurogenic tissue, the neural plate may 
thicken without folding to form a distinct neural groove or if 

the neural groove is formed it may persist as an open groove while 

the larve develop far beyond the stage in which the groove norm- 
ally has become converted into a tube. In many specimens the 
neurogenic tissue then, instead of forming a neural tube with a 
elean cut lumen, gives rise to a more or less clearly defined rod- 

like mass of cells in which only here and there are to be seen 

evidences of a lumen. Rudiments of a lumen are usually to be 
seen in the head but the lumen even here fails in the extreme 

forms to expand so as to give rise to well marked cerebral vesicles, 
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If a well defined neural tube is differentiated, as a rule the tissue 

in the walls of the tube either in local regions, as for instance gen- 

erally in the brain, or throughout its entire length, undergoes 

retrograde metamorphosis as development proceeds, and masses 

of protoplasm with more or less definite cell boundaries and con- 

taining more or less clearly degenerate nuclei and pigment are 

cast into the central canal. In most of these specimens the neural 

tube in places, especially in the cerebral region, becomes abnorm- 

ally dilated and, in places, thin walled. Not infrequently the 

abnormalities are unilateral rather than bilateral. There may 

be an absence of development of the hind brain or of a portion of 

the spinal cord on one side, while it is fairly well differentiated 

on the other side. Sometimes the central nervous system is 

abnormally dilated at both extremities at an early period (fig. 16). 

Peripheral nerves. Peripheral nerves are developed only in 

those specimens in which the central nervous system is relatively 

slightly affected and larval differentiation is relatively advanced. 

Development of the ganglia of the cerebral and spinal nerves 

seems to be more or less closely associated with the development 

of a neural tube and in those instances in which a definite neural 

tube is not found it is usually difficult or impossible to distin- 

guish sensory ganglia. 

Eye. In most specimens the eye is more or less profoundly 

affected. In the more extreme forms there is no development of 

an optic vesicle on either side and apparently no traces of an eye 

are to be found. In some specimens the optic vesicles may pro- 

ject toward but not reach the ectoderm and no lens formation is 

apparent. In the better developed larve the optic vesicles 

reach the ectoderm and a rudimentary lens is formed but in most 

of these specimens the optic stalk and optic cup become abnorm- 

ally dilated and structural differentiation becomes quite abnormal. 

A narrow optic stalk containing nerve fibres is found only infre- 

quently, but occasionally the eyes are relatively well differen- 

tiated. 

Nose. In the more extreme forms there is no distinct differen- 

tiation of nasal organs but in those specimens in which olfactory 

lobes are developed in the brain well marked olfactory pits, as a 
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rule, are differentiated. In some specimens nasal fossae may be 

traced from the exterior to the pharynx by a column of cells con- 

taining an imperfect lumen or the column of cells may not reach 

the pharynx. Development on one side of the body may be much 

more advanced or less abnormal than that on the other side. 

Ear. Larve with fairly distinct heads are rarely found in 

which the auditory vesicles are not formed. In most cases the 

early stages of development in the vesicle seem fairly normal, 

but after the vesicle has been cut off from the ectoderm and the 

dorsal diverticulum has been given off differentiation, as a rule, 

ceases, unless the larva is relatively little affected. Extreme types 

of abnormality in the vesicles have not been found in the speci- 

mens studied. 

Alimentary canal and its appendages. During the earlier 

stages of larval differentiation the archenteron may become 

abnormally dilated or it may be abnormally contracted. As the 

alimentary canal differentiates the abnormalities may become 

especially marked at the anterior or posterior end or may be 
quite general in character. In most of those larvee which become 

fairly well differentiated there is formed a mouth with an opening 

into the pharynx. The lips and jaws are usually rudimentary 

but the abnormalities which affect them are quite varied. 

In one instance the epithelium was entirely missing on one 

side of the pharynx. Patent gill slits may be formed but external 

gills are rarely well formed and internal gills are differentiated 

only in those forms which are comparatively slightly affected. 

A well marked operculum is seldom formed. The oesophagus 

becomes patent in some specimens but remains closed in others. 

The stomach in the most advanced specimens curves to the right 

but is, asarule, rudimentary. The intestines generally show only 

a slight coiling and may be represented by a single straight tube. 
Vascular system. In nearly all of the specimens showing 

marked abnormalities in body form during the latter part of 

larval differentiation the vascular system is profoundly affected. 

In the more extreme forms it is represented by abnormal rudi- 

ments of the heart and larger vessels. In some instances not 

even these may be distinguished. The heart, as a rule, is differ- 
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entiated in the form of a rudimentary 8 shaped tube which may 

contain no continuous lumen. The pericardial cavity is not 

infrequently abnormally dilated. Rudiments of some of the 

larger vessels in the head and trunk may usually be distinguished 

in the more advanced specimens but these rudiments frequently 

seem to be discontinuous. Since no artificially injected speci- 
mens have been studied it is impossible to decide definitely to 
what extent the vascular system is differentiated in discontinuous 

parts in these specimens. In the liver, capillaries may be dis- 

tinguished in the better developed specimens, but elsewhere in the 

body they are usually difficult to trace, owing in part to the 

anaemic condition of most of the specimens. In some specimens 

no blood corpuscles can be found in the blood vessels. In 

most specimens they are far fewer in number than in normal tad- 

poles of a corresponding stage. 
Lymphatic system. Abnormally dilated ‘lymph’ spaces are 

very frequent in the more advanced abnormal larvee but beyond 
this little concerning the development of the lymphatic system 

can be learned from a study of the specimens. 

Gentio-urinary system. It is only in the more advanced larvee 

that much can be made out concerning the genito-urinary organs. 

In these specimens the pronephric tubules are generally abnormal 

in form and considerably dilated. The Wolffian ducts may not 

extend to the cloaca. Frequently they are abnormally dilated. 

Mesonephric tubules are seldom differentiated in specimens 

which show marked abnormalities during the latter part of larval 

differentiation. The sex cells in some specimens appeared reduced 
in numbers but the data on this point are inconclusive. 

Muscular system. The myotomes are sometimes well differ- 

entiated in places even in specimens in which there are profound 

abnormalities in other organ systems. On the other hand, they 
may sometimes be distinguished with difficulty in larve in which 
these abnormalities are less profound. Sometimes the myotomes 

are represented by scattered muscle cells. In specimens in which 
there is a unilateral defect in the spinal cord there is usually an 
absence of myotomes in the region of the defect. In the head 
in the more advanced abnormal larve the musculature is usually 
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relatively well developed except in those forms in which the whole 

head is very profoundly affected. 
Skeletal tissues. Except in those specimens in which larval 

differentiation is interrupted at a very early period a distinet 

mesoblast with visceral and parietal layers is usually differentiated 

in the region of the trunk. In very many specimens the perito- 

neal, like the pericardial cavity, subsequently becomes abnormally 

dilated. In those specimens which reach a relatively advanced 

stage of development the loose connective tissue of the head and 

body wall frequently appears much distended with fluid and 

abnormally great in extent compared with the more definitive 

organs. The chorda dorsalis in those specimens which reach an 

advanced stage of larval development appears to be relatively 

normal in form, although frequently it may be in places assym- 

etrical, dilated, or small and defective. 

Cartilages and other definitive skeletal structures although 

generally somewhat abnormal in form, are differentiated in a 

relatively normal manner in those specimens which reach the 

stage of skeletal differentiation. Most specimens die before 
auditory capsules are produced. 

5. Tadpole stage 

In all of the successful experiments with irradiated sperm 

some of the fertilized ova developed into tadpoles fairly normal 

in external form, with operculum, rounded belly, and membranous 

tail. Most of these tadpoles, however, failed to grow and expand 

like normal tadpoles, and very few reached and successfully passed 

through the period of metamorphosis. The majority soon exhib- 

ited externally visible defects of one sort or another, and within 

two or three weeks after the fertilization of the ova, died off. 

In table 1 these tadpoles are classed as ‘defective’. From this 

table it will be seen that they constitute from 1.3 per cent to 

26 per cent of the total number of eggs fertilized. The number 

of specimens undergoing apparently normal development, al- 

though not in all cases followed to metamorphosis was 8.3 per 

cent in one experiment in which the sperm of the frog was exposed 
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forty minutes and 4.9 per cent in an experiment in which the 

exposure was twenty minutes. In four experiments in which 

the exposures were respectively thirty minutes, thirty-seven 

minutes, one hour and ten minutes, and two hours, no normal 

tadpoles were developed. In the other experiments the number 
of tadpoles finally undergomg normal development was not defin- 

itely determined. In those experiments in which some eggs 

developed into apparently normal tadpoles, a few of which meta- 

morphosed, it is by no means certain that the resulting toads or 

frogs would have been perfectly normal individuals. In one 

instance a metamorphosed toad lacked a hind leg. It is possible, 

if facilities had existed for carrying a large number of tadpoles 

through metamorphosis and up to the adult stage, many more 

defects might have been discovered as attributable to the expos- 

ure of the sperm to_the X rays. 

In the tadpoles which failed to develop normally, abnormalities 

were especially frequently found in the central nervous system. 

The tissue of the neural tube seemed to lack capacity for higher 

differentiation and degenerate cells and protoplasmic masses 

were discharged into the ventricles of the brain and into the cen- 

tral canal of the spinal cord. Abnormal dilatation of the body 

cavity and of the pronephric and Wolfhan tubules are other 
phenomena frequent in these specimens. Occasionally the gut 

exhibits degeneration or marked abnormality of form. Some- 

times the nasal fossae and the eyes are defective. The optic 

stalk may be dilated. Occasionally the defects are unilateral. 

Conclusions 

The results of fertilizing amphibian ova with sperm exposed to 

the X rays indicate that the alterations produced by the exposure 

in paternal determinants do not as a rule make themselves mani- 

fest until larval differentiation or later in development except 

in those instances in which there is reason to believe that the 

ova were somewhat defective (over-ripe, ete.,) at the time of fer- 

tilization. The paternal determinants become relatively more 

and more important as development proceeds. They may be 



SUSCEPTIBILITY OF AMPHIBIAN OVA TO X-RAYS 447 

injured in such a way that localized lesions are produced in the 
larva. In rare instances the entire side of the body may fail to 

develop (hemi-embryo.) This suggests the possibility that at 

times the injured paternal chromosomes may be localized in one 

of the first two blastomeres, while the normal maternal chromo- 

somes are localized in the other blastomere and are capable of 

inducing differentiation up to the larval stage. 

In this connection the various experiments made on crossing 

different species and genera of amphibians are of interest. Ziegler 

(02), has summarized the results of Pfliiger, Born, Gebhardt 

and others as follows: 

Rana esculenta, 9 \ 
Rana fusca, { The eggs develop to the blastula stage. 

Owing possibly to the shape of the head of the spermatozoon of R. esculenta 

crossing in the reverse direction does not lead to fertilization. 

Rana arvalis, ? | The eggs develop into larve, some of which meta- 

Rana fusca, @ J morphose into frogs. 
No fertilization in the reverse direction. 

Rana arvalis, 9 | Development continues up to gastrulation; in 

Rana esculenta, favorable cases up to the origin of the medullary 

or } plate. The cleavage stages appear normal but 

Rana arvalis, | during gastrulation development becomes very 

Rana esculenta, 2 abnormal. 

Bufo vulgaris, 9 \ The eggs segment and develop to the morula 

Rana fusca, o { stage. 
As arule no fertilizations take place in the reverse 

direction, but one of 100 eggs one segmented 

regularly and two irregularly. 

Bufo cinerius, 2, \ The eggs develop to larve, and these meta- 

Bufo variabilis, o J morphose into toads. 

Bataillon [Comptes rendus de l’Acad. des Sciences, 1908,] has crossed sev- 

eral species of amphibia which have a varying number of chromosomes in reduc- 

tion division. The species used together with the estimated number of chromo- 

somes were as follows: Pelodytes punctatus, 6; Bufo calamita, 12; Bufo vulgaris, 

8-9; Rana fusca, 12. 
1. Some not fertilized. 
2. Some underwent parthenogenetic segmen- 

tation. 

Pylodytes punctatus, <7 3. Some ceased developing in the blastula stage. 

Bufo vulgaris, 9 Blastula halves characterized by 2 kinds of cells; 

(1) Large withlarge nuclei (12 chromosomes), 

and (2) small with small nuclei (6 chromosomes) 

) 4. About 10% developed into larve. 
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Bufo calamita, 

Bufo vulgaris, 9 Developed into larve. 

Bufo vulgaris, @ 

Bufo calamita, 2 

Rana fusca, Developed to the ‘‘Stereo-blastula’”’ stage but 

Bufo calamita, 9 { did not undergo gastrulation. 

Parthenogenetic development stimulated by 

Triton alpestris, @ spermatozoon ceases in early cleavage stages. 

Pelodytes puntatus, 9 In the P. puntatus cross the female pronucleus 

Triton alpestris, acted as the segmentation nucleus. In the Bufo 

Bufo calamita, 2 calamita cross the second maturation division is 

not completed but instead a cleavage nucleus i 

formed. ; 

From these experiments it will be seen that when the sperma- 

tozoon of one species enters the egg of a distant species the egg 
may undergo cleavage, but as a rule development becomes abnor- 

mal, before or during gastrulation and larval formation, and only 

exceptionally proceeds to metamorphosis. The foreign sperma- 

tozoon has the power of exciting cleavage, but as development 

proceeds it either fails to furnish determinents requisite for devel- 

opment or inhibits the action of maternal determinents which 

might otherwise prove effective. By action of alterations in 

temperature and of sugar solutions parthenogenic development 

has been excited in the frog’s egg. (Bataillon, 04). In these 

experiments development extended to the blastula stage. Cleav- 

age was incomplete so that the roof of the blastula alone showed 
cytological segmentation. Bataillon follows Boveri in recog- 

nizing two stages in early embryonic development, a ‘promor- 

phological’ in which cell division is not followed by complex 

morphological differentiation, and a ‘metamorphological’ in which 

complex differentiation takes place. The nuclei appear to play 

a much more specific part in the latter than in the former stage. 
It is the former stage that is initiated in the experiments on par- 

thenogenesis in amphibia. 

While the maternal nuclei may govern the cleavage stages, the 

experiments suggest that beyond these stages the maternal deter- 

minants are of themselves incapable of stimulating development. 

If the paternal determinents are of foreign origin or have been 

injured, as by exposure to the X rays, development may proceed 



SUSCEPTIBILITY OF AMPHIBIAN OVA TO X-RAYS 449 

beyond the cleavage stages but sooner or later, as a rule, becomes 

abnormal. Occasionally adjustments take place of such a nature 
that development may proceed at least to metamorphosis. Such 

adjustments are most frequent when the paternal determinants 

come from species closely related to the maternal, or when the 

injury to the paternal determinants has been slight. 

In crossing Bufo calamita and Pelodytes puntatus, Bataillon 

found that apparently in the first division one cell received chro- 

mosomes from the female pronucleus and the male pronucleus, 

the other merely from the male pronucleus. In considering the 

fertilization of amphibian eggs with exposed spermatozoa we 

have seen reason to believe that at times the injured paternal 

determinants become localized in certain regions so as to lead 

to regional defects. Of these the most extreme and rarest exam- 

ples are hemi-embryos. Unilateral defects in parts of the central 

nervous system are far more common. 
In fertilized eggs of Nereis Lillie found that by centrifugaliza- 

tion he could destroy the activity of the male pronucleus, although 

as a merely chemical complex it remained within the egg. In 

those eggs which had formed the fertilization membrane and had 

started development, differentiation proceeded to the formation 
of the second polar body but no complete cleavage spindle was 

formed and the eggs remained unsegmented. Here we must 

assume the female pronucleus incapable of alone initiating cleav- 
age unless we assume that it, too, was injured although less 

obviously than the male pronucleus. 

In an interesting study of heredity in fundulus hybrids H. H. 

' Newman, (710) finds that the developmental rhythum of the 

young embryo is distinctly influenced by the foreign spermatozo6n 

as early as the second cleavage stage and comes to the conclusion 

that the nuclear material is the chief factor in determining the 

character of early development. Fischel has shown that in a 

number of Echinoderm hybrids the male influence is expressed 

structurally in the early blastula stages, not only in the general 

size of the embryos, but also in the size and shape of the cells and 

has given evidence that ‘‘the role of the spermatozoon is from the 

beginning formative in character in that it is able to place the 
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stamp of its own specific characters upon the early developmental 

stages of the organism, while the egg cytoplasm furnishes only 

the material for the formative operation of the combined nuclear 

material of the two parents’? (Newman). This conclusion is 

strongly supported by the action of irradiated spermatozoa on 

the eggs they fertilize. 

2. EFFECTS OF THE EXPOSURE OF MATURE OVA TO THE X-RAYS 

Owing to a rapid loss of capacity for fertilization by am- 

phibian eggs after being laid in water it is necessary to expose 

the eggs within the body of the female. Here the eggs are to 

some extent protected from the rays by the overlying tissues. 

This perhaps accounts for their, relative insusceptibility to short 

exposures or weak rays. On the other hand, thus exposed to 

powerful rays for an hour or more the eggs are very susceptible. 

In the following table the results of seven experiments are recorded. 

Several other similar experiments were tried but proved unsuc- 

cessful owing, usually, to lack of maturity of the eggs or to the 

fact that all the ripe eggs had previously been discharged. Uter- 
ine ova are prevented from maturing by irradiation. 

In each of the experiments recorded the body was opened after 
the irradiation and a considerable number of eggs were fertilized 

with an emulsion prepared from the testicles of one or more 

normal males. In Experiment 1, table 2, twelve minutes exposure 

had but slight effect. When so large a number of eggs are arti- 

ficially fertlized and kept in glass dishes a similar percentage fre- 

quently shows some defects in late larval and early tadpole stages, 

owing to the overcrowding. In Experiment 2, thirty minutes 

exposure gave decided results. The effects of exposure began to 

be noticed in many specimens early in larval differentiation and 
over 50 per cent of the eggs showed marked abnormalities before 

the larvee reached the period of hatching. After forty-five 

minutes exposure, Experiment 3, the results are still more marked 

while after an exposure of an hour or more, Experiments 4-7, 

many specimens showed abnormalities during gastrulation and 

few developed into normal tadpoles. 
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TABLE 2 

Exposure of ovum before fertilization 

= RESULTS 
a | = 
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Per Per| Per| Per|| Per| Per | Per | Per | Per | 
| cent cent cent cent|cent cent cent | cent | cent | 

1 | Toad) 12 m.| 503| [.06] | 10:7). 5 | 84.3 | Control gave about the 
| same percentages. 

2 | Toad) 30 m.| 703) 0.15 | 50.9 14 35 Five specimens followed 

| | | to metamorphosis. 
3 | Toad 45 m.) 679) [0.44] 1).8 7.1 24.7 36.4 10.9 19 | But one specimen could be 

| ea | preserved through meta- 
| | morphosis. 

4 | Toad 1zhr. 216) [0.44] 31 15.59] 26.8 | 31 1.4 | 4.2 | Eggs slightly injured, X 

eva | | | ray current weak. 
5 | Toad) 1%hr.| 428) [0.56] 3 | | 3.7 38.3 | 40.2) 12.4 5.1) Severel specimens followed 

| | | | to metamorphosis. 
6 | Toad} 1 hr. 846) [22.0] 5.71.3 17 2.7 35.6 34.9) 2.3) 0.4 X-ray currentstronger than 

| (ewer | | in the above experiment. 
7| Frog) 12hr.| 177; [1] | 9 | 2.3) 6.2/11.3) 21.5) 48 | 1.7 | ; 

Figures in brackets indicate percentage of eggs discarded because of lack of 

fertilization. 

The internal effects have been studied chiefly in the toad eggs 
of Experiment 6 and the following account is based mainly upon 

that study, but the results reported have been confirmed by a 

study of the frog eggs of Experiment 7. 

1. Fertilization 

In all of the experiments there were a few eggs not fertilized 

but the percentage of unfertilized eggs was large merely in Exper- 

iment 6 where it reached about twenty per cent. In this experi- 

ment the large number of eggs used and the difficulty of mixing 

quickly so large a number of eggs with the sperm emulsion prob- 

ably account for the unfertilized eggs. Experiment 7, in which 

but one out of one hundred and seventy-eight eggs was not fer- 
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tilized although the subsequent effects of irradiation were marked, 

indicates quite clearly that irradiation of mature eggs has little 

or no effect on their capacity for fertilization. 

2. Period of cleavage 

The early cleavage stages appeared to be normal. No speci- 

mens were seen to stop segmenting early, as in the case of the 

two atypical experiments with exposed sperm. (See Experi- 

ments 2 and 7, table 1.) We have, however, seen reason to be- 

lieve that in the latter the effects were due to other causes than 

irradiation. 

3. Period of gastrulation 

In a considerable number of instances, 5.7 per cent in Experi- 

ment 6, and 9 per cent in Experiment 7, gastrulation did not ad- 

vance far and left a mass of yolk protruding through a large blas- 

topore. Some of these specimens were very abnormal. Similar 

forms were found in two of the experiments on the exposure of 

sperm, but in considerable numbers merely in the atypical Expe- 

riment 2, table 1, in which they formed 9.1 per cent of the 

fertilized eggs. 

In Experiment 6, table 2, 1.3 per cent of the ova gave rise to 

hemi-larve, and in Experiment 7, 2.3 per cent. This percentage 

is larger than that found in either of the two experiments with 

the exposed sperm which resulted in the production of forms of 

this character. 

In Experiment 6, table 2, 17 per cent of the ova developed into 

more or less highly differentiated types of spina bifida, and in 

Experiment 7, 6.2 per cent. Spina bifida specimens were found 

in two of the experiments on exposure of the sperm, but in con- 
siderable numbers only in the more atypical one, Experiment 2, 

table 2. 

In Experiments 1 and 2, table 2, no eggs, and in Experiments 

3 and 5, but few eggs ceased development before the completion 
of gastrulation. In Experiment 4 a very large percentage of 

eggs ceased development during gastrulation or showed marked 
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abnormalities in the process. In this lot the female was pithed, 

the abdominal cavity opened and some eggs were removed several 

hours before exposure so that the eggs remaining in the abdominal 

cavity at the time of exposure were probably somewhat injured. 

The current used was weaker than in Experiments 6 and 7. 

Many specimens in which externally gastrulation appeared 

normal, and in which the yolk was completely covered by pig- 

mented cells, undoubtedly internally deviated markedly from the 

normal course of development. Of the specimens of this char- 

acter a considerable number (see Experiments 3-7, table 2), 

ceased development as soon as the blastopore was closed, while 

others made abortive attempts at larval differentiation before 

dying. In the experiments with exposed sperm specimens ceas- 

ing to live as soon as the blastopore was closed were found only 

in the atypical Experiment 2, table 1, where they formed 11.7 

per cent of the total number of eggs fertilized. For a description 

of the internal changes in eggs of this type see the description 

of this latter experiment. 

4. Period of larval differentiation 

(a) Early stages. In Experiment 6, 35.6 per cent of the fer- 

tilized eggs ceased developing after giving rise to abnormal forms 

without distinct heads or tails; in Experiment 7, 21.5 per cent; 

in Experiments 3, 4 and 5, 24.7 per cent, 26.8 per cent and 38.3 

per cent respectively. In the experiments with the exposed sperm 

in which the proportion of abnormal forms of this type was deter- 

mined the number was found to be less than 10 per cent of the 

fertilized ova, except in the atypical Experiment 2, table 1, in 

which the number reached 20 per cent. The types of abnormal- 

ities corresponded with those described in connection with the 

sperm experiments. 
(b) Later Stages. In Experiment 6, 34.9 per cent, and in 

Experiment 9, 48 per cent of the fertilized eggs developed into 

monstrous forms in which rudiments of the heads and tails were 

fairly distinct. In Experiments 3, 4 and 5, 36.4 per cent, 31 

per cent and 40.2 per cent respectively. In Experiment 2, 50.9 
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per cent became abnormal during larval differentiation. Com- 

paratively few of the abnormal larve in these experiments, how- 

ever, exhibited the relatively advanced degree of differentiation 

attained by the majority of the abnormal forms in the sperm 

experiments. The types of abnormalities appear to be not es- 

sentially different in the later larval stages in the two sets of exper- 

iments. 

b. Tadpole period 

In Experiment 6, 2.7 per cent reached the definite tadpole 

stage and of these only a ninth (0.3 per cent of the total number 

of eggs fertilized) developed as normal tadpoles. In Experiment 

7, 1.7 per cent of the ova fertilized became definite tadpoles but 

none of these lived long. In Experiments 4 and 5, 4.2 per cent 

and 5.1 per cent respectively became apparently normal tadpoles. 

None of those in Experiment 4, however, lived more than a few 

weeks while some of those in Experiment 5 were followed to 

metamorphosis. In Experiments 1-3 a considerable percentage 

of organisms reached the tadpole stage and developed normally. 

COMPARISON OF THE RESULTS OF EXPOSURE OF SPERMATOZOA 

AND OF MATURE OVA 

A comparison of Experiments 1, 2 and 3, table 2, with Experi- 

ments 1, 2, 3, 4, 7, and 8, table 1, shows quite clearly that the 

effects of exposing spermatozoa in water for from twelve to forty- 

five minutes are more marked than when ova within the toad or 

frog are exposed for similar periods of time to rays of similar 

intensity. On the other hand, exposure of male frogs to weak 

rays seems to have less effect on the spermatozoa than exposure 

of female frogs has on the ova. (Experiments described on page 

456.) 
The number of fertilized ova which become tadpoles is approxi- 

mately equal when sperm or ova are exposed for an hour or more 

to intense rays, but the effects are noticeable earlier in develop- 

ment and are more profound in the experiments with ova han 

in those with the sperm. The injurious effects of exposed sperm 
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do not manifest themselves except occasionally before the later 

stages of larval differentiation.‘ The injurious effects of exposing 

the ova before fertilization make themselves manifest early in 

development in a large number of the specimens. In both sets 

of experiments hemi-larve are occasionally produced (figs. 4 

and 5), while in specimens exposed to the X rays after fertiliz- 

ation no abnormal forms of this type were found. In one instance 

in a lot of eggs exposed for three-quarters of an hour after the 

first cleavage stage had begun one specimen exhibited bilateral 

assymetry, but it did not on careful examination appear to be a 

true hemi-larva. In spina bifida specimens produced by salt 

solutions the abnormal forms are nearly always symmetrical or 

nearly symmetrical. In an examination of a large number of 

specimens of this kind I have found no hemi-larve. It would, 

therefore, appear that occasionally one germ cell nucleus or the 

other may at least predominate in influence in one of the first 

two cleavage cells destined to form a lateral half of the body, and 

that if this sex cell nucleus is sufficiently injured no development 

of the blastomere takes place. 

If it be true that a sex cell nucleus can be so injured by exposure 

to the rays that it becomes incapable of initiating or properly 

governing development even in the earliest stages, we have an 

explanation of the greater number of early abnormalities seen 

after exposing the unfertilized ova. In such eggs we may assume 

that if the nucleus has been sufficiently injured development must 

be guided largely by the male sex elements. These probably are 
at first not intimately adjusted to the demands of the protoplasm 

of the egg and hence development appears abnormal at an early 

stage. In the later stages it appears that the male and female 

sex elements are by no means evenly distributed in the differen- 

tiating tissues. The tissues in which the injured germ plasm 

predominates are those which first show abnormalities and these 

differ in different specimens. In the few specimens which sur- 

vive it is probable that every tissue gets some normal germinal 

elements derived from the uninjured germ cell. 

4The experiments of Hertwig, 1910, however, show that severe prolonged 

radium irradiation can give rise to disturbances manifest earlier. 
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McGregor (08) after exposing both parents to the X rays 

found that the results were not markedly different from those 

obtained after exposing the male before fertilization. He found 

more striking results after exposing the male than after exposing 

the female. I endeavored in the spring of 1910 to repeat experi- 

ments along these lines on a more extensive scale, but, unfor- 

tunately, I used too weak a current to get very positive results. 

In the control experiment out of 110 eggs 11 per cent showed 

abnormalities during the period of larval and early tadpole differ- 

entiation. This unusual percentage of abnormalities makes the 

results of the experiments somewhat uncertain since it indicates 

that other factors than the X rays played a part in causing ab- 

normalities in development in the exposed specimens. 

After exposing a male to the X rays for an hour and ten min- 

utes and then fertilizing eggs taken from the toad used for the 

control mentioned above, out of 410 eggs all but 8 per cent devel- 

oped into normal tadpoles. Of the abnormal specimens one died 

before completing gastrulation. 

After exposing a female to the X rays for an hour and ten min- 

utes and then fertilizing the eggs with sperm derived from the 

control mentioned above, out of 190 fertilized eggs, 14 per cent 

showed abnormalities. In three eggs gastrulation was not com- 

pleted, in one a condition of spina bifida appeared, in the others 

the abnormalities appeared during larval differentiation. 

Out of 376 eggs taken from the exposed female and fertilized 

by spermatozoa taken from the exposed male 21 per cent showed 

abnormalities of development. Of the abnormal specimens 27 

showed marked abnormalities during gastrulation and 52 during 

larval differentiation. 

So far, therefore, as the experiments go they indicate that 

exposure of both sex cells before fertilization gives rise tomore 

severe effects than the exposure of either alone and that weak X 

rays filtered by the tissues affect the female sex cells more than 

the male sex cells. The experiment must, however, be repeated 

and extended before definite conclusions are warranted. 
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3. ACTION OF THE X-RAYS ON FERTILIZED OVA AND ON LARVAE 

Introduction 

My studies of the effects of exposure of developing organisms 

to the X rays have been most systematically carried out on the 

ova and larve of the toad. The results of these experiments 

have been summarized in the accompanying tables. Numerous, 

although less systematic, experiments on frogs’ eggs indicate 

a variation in susceptibility in these eggs which corresponds 

closely with that found in toads’ eggs. No attempt has been 

made to summarize these results in the tables. 

The more important experiments are designated in the accom- 

panying tables as follows: 

Experiment A. Spring of 1909. Successive groups from a 

batch of fertilized toad eggs were given forty-five minutes expos- 

ure at varied intervals from the time of fertilization up to the 

tadpole stage. The different groups are designated by the num- 

ber of hours intervening between the beginning of fertilization 

and the period of exposure, 7.e., Experiment A, 143: batch of eggs 

exposed from 143 to 15% hours after the beginning of fertilization. 

Experiment B. Spring of 1909. Successive groups were 

given forty-five minutes exposure from a period begininng 153 

hours after fertilization and extending into the tadpole stages. 

Group designation as in Experiment A. 

Experiment C. Spring 1908. Successive groups from a batch 

of toad eggs were given thirty minutes exposures from the time of 

fertilization up to the larval stage, with an interruption during 

the later cleavage stages. Group designation as in Experiment A. 

Experiment D. Spring of 1908. Successive groups from a 

batch of toad eggs were given thirty minutes exposures from the 

period of fertilization up to the early cleavage stages. Group 
designation as in Experiment A. 

For comparison some other experiments have been included in 

the tables but since these were less systematic they need notbe 

described here. 
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1 Period of fertilization 

According to Helen Dean King (’01) the second polar body is 

given off about ten minutes after the entrance of the spermatozoon 

into the toad’s egg and the two pronuclei fuse about thirty-five 

minutes later. In table 3 we have summarized the results of 

exposure of toad’s eggs during the first hour after fertilization. 

In Experiments AO a string of fifty-four eggs was exposed 

for forty-five minutes beginning immediately after fertilizing 

fresh ova with fresh sperm. Practically all of the batch of eggs 

from which this string was derived were fertilized. It is, there- 

fore, possible although not certain, that the exposure to the rays 

prevented development in the two eggs in the string which failed 

to show any signs of cleavage. Forty-nine eggs failed to develop 

past the early gastrulation stages. Of these forty-one ceased 

TABLE 3 

Irradiation of eggs during fertilization 
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| 

Figures in brackets indicate percentage of eggs discarded because of lack of 

fertilization. 
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developing immediately before or immediately after the first 
stages of gastrulation, while eight showed evidences of irregular 
gastrulation and gave rise to forms with a large blastopore and 
a protruding yolk mass. In three specimens the blastopore was 
closed. In one of these development stopped very early in 
larval development; in the other two larve with abnormal heads 
and tails were produced. The effects mentioned indicate that 
an exposure of three-fourths hour immediately after the beginning 
of fertilization has a more profound effect on development than 
exposure of either of the germ cells for an even longer period before 
fertilization. (Compare tables 1, 2, and 3.) 

On the other hand, an exposure of half an hour immediately 
after the beginning of fertilization in Experiment CO produced 
effects apparently somewhat less severe than those in Experiment 
1, table 1. In the latter experiment, in which the spermatozoa 
were irradiated for fifteen minutes 11.9 per cent of the tadpoles 
appeared fairly normal two weeks after fertilization. In Exper- 
iment C0, 20 per cent appeared fairly normal at this period. 
Since neither experiment was carried beyond two weeks after 
fertilization the percentage of specimens capable of undergoing 
ultimate normal development was undetermined in each case. 
In Experiment 2, table 1, in which frog sperm was exposed thirty 
minutes to the rays, and Experiment 3, table 1, in which toad 

sperm was exposed thirty-seven minutes to the rays, the effects 

were more severe than in Experiment CO, table 3. We have, 

however, seen reason to believe that Experiment 2, table 1, 
gave results quite atypical in nature and not to be attributed 

wholly to the action of the X rays; while the longer exposure 

(thirty-seven minutes) in Experiment 3 would perhaps suffice to 
account for the greater severity of the results. In Experiment 4, 
table 1, (exposure of frog sperm for twenty minutes), Experi- 
ment 7, table 1, (exposure of frog sperm for twelve minutes, and 

Experiment 8, table 1, (exposure of frog sperm for forty min- 
utes) the results were similar to, although slightly more marked 

than those found in Experiment CO, table 3. We may, there- 

fore, conclude that exposure of eggs for one-half hour after the 

beginning of fertilization gives results approximately equivalent 
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to, although perhaps less marked than the exposure of the sperm 

for from one-quarter to one-half hour before fertilization. Ex- 

periments 2,-3, table 2, likewise indicate that exposure of the 

ovum within the female for thirty to forty-five minutes gives rise 

to less severe effects than exposure of ova for half an hour dur- 

ing fertilization. 

Experiment C4 indicates that during the second half-hour 

after the beginning of fertilization the fertilized ova are somewhat 

more susceptible than during the first half hour. Compare 

Experiments CO and C3, table 3; in the former experiment 20 

per cent, in the latter but 8 per cent of the specimens appeared 

normal at the end of two weeks. Experiment Dj indicates a 

possible greater susceptibility of the eggs during the middle two- 

fourths than during the first or last half of the first hour after 

the beginning of fertilization, but the differences may be due to 

individual peculiarities in the different batches of eggs used. In 

Experiment D4 but 1.9 per cent of the eggs were normal two 

weeks after fertilization. 

Summary. From the above experiments we conclude that the 
ova immediately after fertilization are somewhat less susceptible 
than the spermatozoa or unfertilized mature ova to short or weak 

exposures but are more susceptible to long exposures. During 

the conjugation of the pronuclei the susceptibility is greater than 

during the preceding period. There probably exist in the proto- 

plasm of the egg substances capable of protecting the pronuclei 

against moderate injury or of restoring them after such injury, but 

these substances, if such exist, cannot overcome the effects of 

exposures to powerful X rays for three-quarters of an hour and 

they become less potent during the fusion of the pronucleithan 

in the period preceding. The fusion of the pronuclei seems to 
start a protoplasmic reorganization during which the suscepti- 

bility of the cell is increased. 
The effects of the X rays during fertilization become manifest 

after half-hour exposures, chiefly in the later larval periods, after 

the rudiments of the head and tail appear and while the larva is 
becoming transformed into a free swimming tadpole. During 

the tadpole stage many specimens which at first appear normal 
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prove incapable of growth and further differentiation and die off. 

Experiment CO and C-3 were not carried far enough to determine 

whether or not any of the eggs exposed for half an hour within 

the first hour after fertilization were capable of metamorphosis. 

In Experiment D-+ one specimen was followed through meta- 
morphosis. | 

In both Experiments CO and C-3 a considerable number of 
eggs failed to undergo cleavage but since in the control for these 

experiments 6.9 per cent of the eggs were not fertilized it is prob- 

able that the ova in the experiments which did not undergo 

cleavage failed to develop not because of the exposure to the rays 

but because of lack of fertilization. In Experiments D-1} and 

D-? a considerable number of the eggs became mouldy and 

decayed before it was determined whether or not they had been 

fertilized. The percentage of unfertilized eggs given is, therefore, 

not exact, since under the eggs so classed there may be some which 

stopped development during cleavage. 

When the exposure is more prolonged and severe the results, 

as we have seen in Experiment A-0, are manifest just before or 

early in gastrulation. Most eggs stopped developing at this 

period but a few went on to form abnormal larve. In none of 
the eggs in which cleavage began did development stop until the 

approach of the gastrulation period. If the cleavage once com- 

mences at all it is evidently capable of continuing until the crit- 

ical period of gastrulation is approached. It is, of course, by no 

means certain, however, that cleavage is perfectly normal during 

this time. I have, however, been able to detect in sections no 

very obvious abnormalities, except a tendency for the vegetative 
pole to divide much more slowly than normal so that the yolk 
may be but slightly divided into cells while the cells of the animal 

pole are approximately of normal size. The abnormalities which 
appear during gastrulation and larval differentiation are essen- 
tially similar to those previously described as characterizing spec- 

imens of which one of the parent sex cells had been irradiated 

previous to fertilization. 
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2. Period of relative immunity 

After the fusion of the two pronuclei there appears to be a 

passive period during which the ovum prepares for the period of 

great activity which characterizes cleavage. During the passive 
period the ovum becomes less susceptible to the rays than during 

the preceding period of fertilization or during the subsequent per- 

iods of cleavage. This is indicated in the three experiments 
summarized in the following table. 

TABLE 4 

Irradiation following fusion of pronuclet 
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A i 45 98) 2 37 | 10 | 37 14 All specimens died two days 

| | | after irradiation. 
Vien 30) || LOU eaae | | | 4.7] 19.8! 11.2 | 59.6) Experiment discontinued two 

| | | | weeks after irradiation. 

D| 13 30 30| [13.3] 3.8) 23.1 | 23.1) 50 | Experiment discontinued two 
| | weeks after irradiation. 

The unfertilized specimens in lot D were not counted in figuring the percentage 

of eggs variously affected by the rays. 

In Experiment A-3, a string of eggs was exposed for three 

quarters of an hour from a period beginning three-quarters of an 

hour after the mixture of the sperm and eggs. The effects of 

exposure during this period were less severe than those found in 

Experiment A-0, Table 3. Two per cent of the eggs did not 

undergo cleavage but it is uncertain whether or not this failure 

was due to the exposure. In the control practically all the eggs 

were fertilized. Of the eggs undergoing cleavage 37 per cent 

showed irregularities early in gastrulation and ceased develop- 



SUSCEPTIBILITY OF AMPHIBIAN OVA TO X-RAYS 463 

ment. In these eggs a yolk plug projected from a large blasto- 

pore. In the rest of the eggs the blastopore was completely or 

nearly closed. In 10 per cent of the total number development 

ceased with the closure of the blastopore; in 37 per cent it ceased 

after the formation of abnormal larve without definite head or 

tail rudiments; in 14 per cent abnormal larve with irregular 

heads and tails were produced. The abnormal specimens in 

the various lots resembled those previously described in the sec- 

tions on the effects of exposure of the sperm and of the ova to 
the rays. 

The relative immunity during this period of rest is still more 

strikingly shown in Experiment C-1, in which eggs were exposed 

for a period extending from one hour to an hour and a half after 

fertilization. Of these eggs 4.7 per cent failed to undergo cleay- 

age but this probably means little since 6.9 per cent of the control 

specimens were unfertilized. The rest. of the eggs passed through 

the period of gastrulation and over one-half of these appeared 

normal at the end of two weeks when the experiment was discon- 

tinued. Of the total number of eggs 4.7 per cent appeared 

abnormal early in larval differentiation, 19.8 per cent late in 

larval differentiation, and 11.2 per cent early during the tadpole 

period. 

In a series of experiments with another lot of eggs the period 

of ‘rest’ as measured by relative immunity to the rays came later 

than in the two experiments above mentioned. The results of 

the first two exposures in this series have been described above, 
Experiments D-} and D-?, table 3. Nearly all the specimens 

exposed were affected. The third exposure of eggs from this lot 

was for one-half hour, beginning one and one-fourth hours after 

the eggs were fertilized. Fifty per cent of these eggs appeared 

to develop normally and several were followed to metamorphosis. 
It is probable that in the batch of eggs used in this series of expos- 
ures the periods of fusion of the nuclei and of rest were later than 
in the other experiments, so that the period of relative immunity 
was also later. 
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3. LHarly cleavage stages 

In the toad’s egg a fissure marking the first cleavage plane usu- 
ally appears at ordinary room temperatures in from two hours - 
and a quarter to two hours and three-quarters after fertilization. 
When it is warm cleavage appears earlier; when it is cold, some- 
what later. There is considerable individual variability shown 
by different eggs of the same lot. The fissure of the second 
cleavage plane varies in the time of its appearance from three 
and one-quarter to six hours; the third varies from four to nine 
hours; the fourth from five to ten hours. In the later cleavage 
stages the variability becomes still more marked but by the twelfth 
hour rapid cell division is usually well under way. It is during 
the earlier period of cleavage that the susceptibility of the ovum 
to the rays becomes greatest. This is illustrated in table 5a. 

In this table are summarized the results of exposing groups from 
two batches of eggs at successive forty-five minute intervals, 
A-1%, A-23, A-34, A-4, A-5, A-6, A-63, A-74, A-93, A-11, and 
E-4 and E-12, groups from three other batches for thirty min- 
utes, C-13, C-2, D-12, D-6, and All, and groups from a sixth 
batch for fifteen and thirty-five minutes, (G-6). 

The eggs exposed for thirty minutes show from a period one 
and one-half hours after fertilization onwards an increasing sus- 
ceptibility to the rays. In lot C-14, 10.2 per cent of the fertilized 
eggs developed into tadpoles and nearly half of these lived for 
two weeks after fertilization. Discontinuance of the experiment 
at this period makes it impossible to state how many of these 
might have developed normally and undergone metamorphosis. 
Comparison of this experiment with experiments C-1 and D-1}, 
table 4, shows that after the period of ‘rest’ after fertilization, 
(p. 462), susceptibility rapidly increases as the period of cleavage 
approaches. This increased susceptibility is still more marked 
in Experiment D-13 in which the eggs were exposed between one 
and three-quarters and two and one-quarter hours after fertiliz- 
ation and from which no free swimming tadpoles developed. 
It is slightly less marked in Experiment C-2, exposure two to two 
and one-half hours after fertilization, than in Experiment D-13, 
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but this is probably due to an individual difference in susceptibility 

in the two lots of eggs. In Experiment C-2 but 1.6 per cent 

developed into free swimming tadpoles and these died within 

ten days after fertilization of the ova.® 

TABLE 5a 

Trradiation during cleavage 
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AGlia5 45 | 41 93 | 7 | 2-4 cell stage. 

D| 6 30 | 28) 10.7 |23.453.6| 1.5/0.8) - 4-8 cell stage. 
AWié |) 45, | -38 90 10 
A} 62 | 45 | 30 ce) Iie 4-8-16 cell stage 
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aed re. | | to6thday. Died 7th. 
nls 135 | 52) (4) | 100 Ieee | 16-64 cell stage. 
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| | after irradiation. 

A} 93 45 69) 1.4 56. €/21.7 4.4) 8.7| 7.2 32-64 cell stage. None alive 4 days 

| | after irradiation. 

EN | 45 39) «2.5 1225 17.510 [30 (27.5 Advanced cleavage. 

E | 12 45 | 110} [40] 15.7| 78.9 5.4 None alive 5 days after irradiation. 

5Tn experiments C-1} and C-2 mould and degeneration made it impossible to subdi- 

vide the specimens which did not develop intolarve. Most of these, however, were 

probably unfertilized eggs. In Experiment D-1{, 8.9 per cent of the total number 

of eggs were apparently not fertilized. The lack of development in these eggs is 

not, however, to be attributed to exposure to the rays, since 9 per cent of the con- 

trol eggs were not fertilized. 



466 CHARLES RUSSELL BARDEEN 

The increasing susceptibility of the ova as the period of cleav- 

age is approached may likewise be seen by comparing Experiment 

A-14, exposure from one and three-quarters to two and one-half 

hours after fertilization, with Experiment A-?, exposure from 

three-quarter to one and one-half hours after fertilization. In 

Experiment A-?, table 4, 61 per cent of the ova completed gas- 

trulation and 14 per cent did not show marked deformities until 

after the rudiments of the head and tail were fairly well developed. 

In Experiment A-1? gastrulation was not completed in a single 

individual. In 7 per cent there was no cleavage. Since in the 

control practically all eggs were fertilized there is a possibility 

that in these eggs showing no cleavage the process was inhibited 

by the exposure to the rays. In 89 per cent of the eggs develop- 

ment stopped very early in gastrulation. In 4 per cent there was 

marked abnormality of gastrulation with a yolk mass projecting 

through a large blastopore. It is the period of greatest sus- 

ceptibility. 

Following the first cleavage there seems to be a second period 

of lessened susceptibility. In Experiment All a lot of eggs 
which had been recently laid in the lake and which were _fertil- 
ized naturally showed practically all of the eggs to be in the two 

cell stage. Exposure of this lot of eggs to the X rays for one-half 

hour caused 73.3 per cent of them to cease developing early in 

the blastula stage, 11.7 per cent to become spina bifida speci- 
mens in which organ differentiation was slight, 6.7 per cent to 

stop developing as soon as the blastopore was closed, and 8.3 

per cent to develop into very abnormal larve without well 
marked heads or tails. 

In Experiment A-23 eggs exposed from two and one-half to 

three and one-quarter hours after fertilization likewise showed 
less marked effects than Experiment A-13. While in the latter 
experiment no eggs developed beyond the early gastrulation 

stage in the former 14.6 per cent developed into spina bifida 
specimens and 4.9 per cent into abnormal larve without definite 
heads and tails. 

On the other hand, immediately preceding the appearance of 

the fissure of the second cleavage plane the susceptibility once 

~~ | 
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more becomes very high. (Experiments A-3} and A-4.) In 

these experiments most of the ova stopped developing very 

early in the period of gastrulation. A few show irregular gas- 

trulation with a large protruding yolk plug. In Experiment E-4 

eggs in about the same stage of development as those in Experi- 

ment A-4 (2-8 cell stage but chiefly 2 cell) were exposed for 

forty-five minutes with a result closely similar to that found in 

the latter experiment. 

During the eight and sixteen cell stages the susceptibility re- 

mains very high, as may be seen by comparing Experiments A-5 

D-6, A-6 and G-6 with the experiments just described. It will 

be noted that even an half-hour exposure is sufficient to inhibit 

development beyond mere gastrulation and to stop the process 

of gastrulation at a very early period except in about 10 per cent 

of specimens in one experiment, D-6. After a fifteen minute 

exposure, G-6, but 15.3 per cent developed into definite larvee 

and these were abnormal and died early. 

After the sixteen cell stage the susceptibility gradually becomes 

less as shown in Experiments A-6?, A-73, A-93, and A-1l1. In 

Experiment A-6?, (exposure from six and three-quarters to seven 

and one-half hours after fertilization,) 5 per cent of the eggs 

exhibited an irregular gastrulation with protruding yolk; in 

Experiment A-73, (exposure from seven and one-half to eight 

and one-quarter hours after fertilization,) 10.8 per cent acquired 

a closed blastopore before ceasing to develop; in Experiment 

A-93, (exposure from nine and one-half to ten and one-fourth 

hours after fertilization) 15.9 per cent developed into pig- 

ment covered larve of which nearly half showed heads and 

tails; in Experiment All, (exposure from eleven to eleven and 

three-quarter hours after fertilization,) 57.9 per cent devel- 
oped into pigment covered larve half of which showed heads 

and tails. In Experiment A-93, 21.7 per cent of the specimens 
were of spina bifida type. After the period represented by this 

experiment exposure to the rays did not cause spina bifida 

although in one instance it caused an egg to cease development 

early in gastrulation. The eggs in Experiment E-12 were unu- 

sually susceptible compared with those in Experiment A-11. 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 4 
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The frog’s egg during cleavage shows a susceptibility at least 

equal to that of the toad’s egg. Frog’s eggs exposed for forty 

minutes immediately preceding the first cleavage division stopped 

development either just before or at the time of the appearance 

of the dorsal blastopore lip. Frogs’ eggs in the four to eight cell 

stage exposed for forty minutes all stopped developing before 

the dorsal blastopore lip became clearly marked. Exposed in 
the sixteen to sixty-four cell stages they stopped developing as 

soon as the dorsal blastopore lip became well marked. Exposed 
in the more advanced cleavage stages the blastopore in many 

specimens became small but all specimens died before assuming 

definite larval form. 

Summary and analysis. During the early cleavage period, 
from the latter part of the second to the twelfth hour after fer- 

tilization, the ova of the toad are exceedingly susceptible to the 
X rays. The susceptibility increases from the period of ‘rest’ 

following the fusion of the pronuclei, up to the first cleavage 

division, there is then a slight decrease in susceptibility followed 

by a second increase up to the second cleavage. After the form- 

ation of four blastomeres there is again a slight decrease in sus- 

ceptibility followed by a third increase which lasts during the eight 
and sixteen cell stages and then steadily declines during the sub- 

sequent cleavage stages. 

It is thus apparent that preparation for cleavage in the ovum 

brings about some alteration in the organism which renders it 
especially susceptible to the rays and that corresponding altera- 

tions are brought about in the first eight blastomeres. The 

greater irregularity in cell division which takes place after the 

first eight to sixteen blastomeres are formed may account for 

the decrease in susceptibility after this period. During the half 
or three quarters of an hour during which the organisms are 

exposed cells about to divide will be in a stage of heightened sus- 

ceptibility, cells in the resting stage will be in a state of relatively 

reduced sensibility. As the latter increase in relative number we 

should expect a decrease in susceptibility in the organism as a 

whole. It is also not improbable that when relatively few cells 
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are severely affected the less affected cells may not only recover 

themselves but also be enabled to overcome to some extent the 

injurious effects of the more affected cells of the organism. 

Whether this explanation alone would account for the decrease 
in susceptibility in the later cleavage stages is open to question. 

It is not improbable that as differentiation proceeds the individual 

cells become relatively more stable as they decrease in potential- 

ity of differentiation. 

The susceptibility during the early cleavage stages is greater 

than that exhibited by either of the sex cells before fertilization 

or by the fertilized ovum during fertilization. The effects of 

exposure are not, however, exhibited immediately, even during 

the periods of greatest susceptibility. Cleavage usually goes on 

until the period of gastrulation is approached. As a rule, cleav- 

age is more or less incomplete in the yolk laden protoplasm of the 
vegetable poll. After forty-five minutes exposure to powerful 

X rays during the early cleavage period gastrulation is either 
inhibited in its earliest stages or begins in an irregular manner 

and then stops with a mass of yolk projecting through a very large’ 

blastopore. After thirty minutes exposure the blastopore may 

close but development then stops. During cleavage after expo- 

sure the cleavage cavity is not infrequently abnormally small. On 

the other hand, it may be abnormally dilated. Spina bifida 

specimens seem to arise usually from forms in which the cleavage 

cavity has been abnormally small. When the cleavage cavity is 

well developed but gastrulation incomplete in that the yolk is 

not completely covered, the yolk mass in the larvalstage protrudes 

through the anal region instead of the back. 

In frogs’ eggs the susceptibility is likewise greatest during the 

early cleavage stages but it appears to decline less rapidly than 

in toads’ eggs. The cause of this is obscure. 

Hertwig and others have shown that eggs vary in suscepti- 

bility to changes in temperature and other external conditions 

6For the literature see Handbuch der vergleichen und experimentellen Ent- 

wicklungsgeschichte. 
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at different stages of development. Fertilized eggs of the frog 

kept at a temperature aboye a maximum which varies for differ- 

ent species, develop abnormally. At the animal pole cleavage is 

very rapid; at the vegetable it is very slow and spina bifida larvee 

are frequently produced. Freshly fertilized eggs placed in water 

at a temperature of 0° Centigrade and kept there twenty-four 

hours develop abnormally, (Hertwig) while in the gastrulation 

stages egg may be kept at a low temperature for fourteen days and 

still develop normally when brought to the room temperature. 

(Schultze) 
E. Godlewsky (1908), found in sea urchin eggs no increase in 

the amount of nuclear material in the first two blastomeres. 

Each nucleus was approximately half the size of the nucleus of 

the fertilized ovum. The proportion of nuclear to cytoplasmic 

material was estimated as 550:1 in the unfertilized egg; as 275:1 

in each of the first two blastomeres. During cleavage from the 

two to the sixty-four cell stages there is a very rapid production 

of chromatin. The nuclei increase in number but remain about 

the same size. The proportion of nuclear cytoplasmic material 

increases from 275:1 to 12:1. From the sixty-four cell stage to 

the termination of the blastula stage the nuclei increase rapidly 

in number but decrease so much in size that the total amount of 

nuclear material is relatively slightly increased. ‘The proportion 

of nuclear to cytoplasmic material changes from 12:1 to 6:1. 

With the decrease in size of the nuclei a relatively greater amount 

of nuclear surface is presented to the cytoplasm. During the 

gastrula and pluteus stages as the cells multiply there is a gradual 

increase in the amount of chromatin in the organism. The nuclei 

do not change much in size. 

Similar studieson amphibian eggs have not, so far as 1am aware, 

been made. It is highly probable, however, that the relations of 

nuclear to cytoplasmic material during cleavage are homologous. 

The period of greatest susceptibility of amphibian ova to the X 

rays, therefore, probably corresponds with the period of greatest 

relative activity in the production of nuclear at the expense of 

cytoplasmic material. If this be true we should expect that in 
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the toad’s egg there is a rapid production of chromatin preceding 

the first cleavage.® 

In this connection I may refer to an interesting experiment on 

the action of concentrated sugar solution on frogs’ eggs. I find 

that if freshly fertilized eggs frogs’ are placed in a six to eight per 

cent sugar solution and are left there from two to eight hours and 

then transferred to water alldie within afewdays. Very feweggs 

develop past the neural groove stage. On the other hand, if 

left in the same solution from twenty to thirty hours, and then 

transferred to water, many lived to pass through a normal 

development. This experiment indicates that a sudden change of 

condition during the period when the chromatin is being most 

rapidly manufactured much more seriously interferes with the 

normal course of development than if development during this 

period is allowed to proceed under conditions far from normal. 

For refined cytological studies the eggs and larve of anura are 

not well adapted and for this reason no prolonged and detailed 

examination of the cells in the specimens obtained from the exper- 

iments have been attempted. In the abnormal larve many evi- 

dences of direct nuclear division are to be found, especially in 

the epidermis. On the other hand, occasional apparently normal 

mitotic figures are to be seen in all of the tissues. Giant nuclei 

are not infrequent, especially in the mesodomic tissues. In the 

cells of the central nervous system nuclear abnormalities are 

especially apt to be well marked. An irregular clumping of large 
masses of chromatin within the nucleus is a common occurrence. 

In specimens exposed during early cleavage and preserved imme- 

diately after exposure a nucleus within a definite membrane within 

the cleavage spindle may sometimes be seen. It would appear 

as if the nuclei in mitosis were forced into a resting stage within 

the spindle by the X rays. 

6‘Hertwig, 1910, in ascribing the great susceptibility of fertilized ova to the 

irradiation of both the male and the female pronucleus has failed to give suf- 

ficient weight to the increase of susceptibility during the early cleavage stages. 
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EFFECT OF TEMPERATURE 

Several experiments were made to test the effect of tempera- 

ture on the action of the X rays. Since at a not too high temper- 

ature the eggs divide more rapidly than at a low temperature, 

and in consequence in such eggs the anabolism of nuclear material 

is more rapid, we should expect the former to be more suscep- 

tible than the latter. That this is the case is clearly indicated by 

the following table: 
TABLE 5b. 

Effects of variations in temperature on eggs during the early cleavage stages 
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Natural fertilization all 

died within 8 days 

after irradiation. 

Natural fertilization. 

After 42 h. transferred 

to room temperature. 

All died within 6 days 

after fertilization. 

After 18 hrs. transferred 

to room temp. All 

dead within 6 days 

after fertilization. 

All dead within ten 

days after fertilization 



This table includes Experiments 6 and 11. 
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In Experiment 6, 

eggs from three batches ‘A,’ ‘B,’ and ‘C’ were exposed for about 

One set was exposed at room temper- 

ature, about 66 degrees F.; two other sets were exposed in water 

at about 50 degrees F. One of these sets was kept for 18 hours, 
the other for 42 hours out of doors. 

half an hour to the X rays. 

The out-of-doors tempera- 
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al |77| 80°| 3 | 15/101] 2-4 cell 33 | 1/37/25] 2 | 3| Natural fertilization. 
| | One spec. followed to 

a2 |77| 80°| 2% | 11 | 160) 2 cell 6 | 10 | 82 1 1| metamorphosis. 
} | Artificial fertilization. 

| One followed to meta- 

Di eaen|| 80° 3 | 85 | 178) 4-8 cell 63 32) 5 morphosis. 

Natural fertilization. 

| All dead by 4th day 

b2 | 77| 80°| 23 | 35/92] 2-4 cell 77 16| 7 after irradiation. 
Artificial fertilization. 

| Last spec. died 6 days 

| | after irradiation. 

11B 65° | | 

al | 67) 70°) 4 | 15/179) 2-4cell 11 |15/)/32)39) 3 Natural fertilization. 
| | | Last spec. died 10 days 

a2 | 67) 70°} 3% | 15 | 139) 2 cell (1) 5 9 || 83 | 47 6 after irradiation. 
| | Artificial fertilization. 

———— Last spec. died 17 days 

DUG 7.1702 4 | 32) 109) 2-4 cell 69 4 || 28 after irradiation. 

b2 | 67| 70°} 34 | 32/106) 2-4cell | (1)| 67 5 || 28 Natural fertilization. 
Artificial fertilization. 

11C | 50 | 65° 
al | 57} 70° 5 |15 100 1-2 cell 16 14 || 21 | 30 3 16 | Natural fertilization. 

| 3 followed to meta- 

a2 |57| 70°| 44 | 15|151)- 1-2cell | (1) 3 14 8 7 | 6g | morphosis. 
Artificial fertilization. 

4 followed to metamor- 

bl |57| 70°| 5 | 35] 93) 2 cell 5 110/43) 37 5 phosis. 
b2 | 57 | 70° | 44 | 35) 193) 2 cell (1) 7 12 || 15 53 9| 4] Natural fertilization. 

Artificial fertilization. 
| One followed to meta- 

144 Control | (6) 15 1 | 84 | morphosis. 
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ture at this time varied from 40 degrees — 57 degrees and averaged 

below 50 degrees; this proved to put a severe strain on the eggs 

kept outside 42 hours although of these about half of those eggs 

in the sixteenth to thirty-two cell stage (‘C’) developed further 

than any of those of the same lot exposed at room temperature. 

A large part of the eggs kept outside for 18 hours after expo- 

sure at 50° developed better than any of those exposed at room 

temperature. 

In Experiment 11 eggs from two batches, one fertilized natur- 

ally, one artificially, were exposed for 15 and for 30 minutes,. 

some at 77 degrees, some at 67 degrees, and some at 50 degrees— 

57 degrees. The eggs exposed at 77 degrees were subsequently 

kept at that temperature on the top of an incubator. The other 

lots were kept at room temperature after exposure. A greater 

per cent of the eggs exposed at 77 degrees than those exposed at 

66 degrees showed injury early in development but, on the other 

hand, a greater number recovered. A much greater percentage 

of theeggs exposed at 50degrees than those of the two later men- 

tioned, developed normally showing that a moderately low tem- 

perature partially protects the eggs against the action of therays. 

4. Advanced cleavage and gastrulation stages up to the closure 

of the blastopore (twelve to thirty-six hours after fertilization). 

During this period there is at first a rapid and then a much 

more gradual decline in susceptibility. 

In table 6 are summarized the results of experiments with five 

different batches of fertilized eggs. In Experiments A, A-1 and 

B, forty-five minute exposures were given. In Experiment 

A-144, exposure from fourteen and a half to fifteen and a quarter 

hours after fertilization, the susceptibility was decidedly less 

than in Experiment A-11, table 5. In a third of the eggs in the 

latter gastrulation was incomplete or very abnormal and only a 

fourth of the eggs developed into larvee with distinct heads and 

tails. None of these larvee developed into tadpoles. In Exper- 
iment A-144 the blastopore was closed in all specimens and all 

reached the larval stage. Over half of the larve became free 
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swimming tadpoles but all of the latter died early, none surviving 

beyond nineteen days.’ 
In subsequent periods a greater and greater number of larve 

reached the tadpole stage and an increasing number of these 
developed normally up to metamorphosis. In Experiment 153, 

exposure from fifteen and three-quarters to sixteen and one-half 

hours after fertilization 19.2 per cent developed normally; in 

Experiment A-173 exposure from seventeen and one-half to 

eighteen and one-quarter hours after fertilization, 23.2 per cent; 

in Experiment A-2535, exposure from twenty-five and one-half 

to twenty-six and one-third hours after fertilization (early in 

the gastrulation period) 73.7 per cent; in Experiment A-29 

exposure from twenty-nine to twenty-nine and three quarter 

hours after fertilization, (blastopore moderate or small) 84.6 

per cent; in Experiment A-303, exposure from thirty and one- 

fourth to thirty-one hours after fertilization, (small blastopore) 

90.9 per cent; and in Experiment A-1, exposure from thirty-one 

and one-half to thirty-two and one-quarter hours after fertiliza- 

tion, (blastopore small or closed) approximately 100 per cent. 

Exposure to the X rays for two successive periods of forty-five 

minutes each during this period caused all the eggs to develop 

abnormally and nonereached the tadpole stage (Experiment A-20). 

In Experiment B on another batch of fertilized eggs, successive 

groups of which were likewise exposed for forty-five minutes, the 

susceptibility proved at first to be much greater than in the batch 

just described. The causes for this greater susceptibility are 

uncertain. In the various groups exposed before the twentieth 

hour after fertilization in only one instance did a larva reach the 

free swimming tadpole stage, but this went on to metamorphosis. 

(Experiment B-184.) In Experiment B-15{, exposure from fifteen 

and three-quarters to sixteen and one-half hours after fertiliza- 

tion, one egg failed to complete the process of gastrulation, 3.3 

per cent stopped developing as soon as the blastopore was closed, 

7Hertwig, 1910, has found that exposure to radium for from one-half to one 

hour causes the blastulae of the oxolotl and the frog to die before gastrulation 

is complete. 
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65 per cent after abnormal development died early in the period 

of larval differentiation, and 30 per cent died in the later periods 

of larval differentiation. None developed into free swimming 

tadpoles and none lived beyond the eighth day after fertilization. 

In the groups subsequently exposed all specimens showed some 

larval differentiation and a successively greater number developed 

apparently normally until the latter part of larval differentiation. 

In Experiment B-213, exposure from twenty-one and one-half 

to twenty-two and one-quarter hours after fertilization, 6 per 

cent of the eggs developed into free swimming tadpoles but none 

of those lived longer than two weeks; in Experiment B-223, 

exposure from twenty-two and one-half to twenty-three and one- 

fourth hours after fertilization, 16.7 per cent developed into free 

swimming tadpoles; in Experiment B-26, exposure from twenty- 

six to twenty-six and three quarter hours after fertilization, 35.3 

TABLE 6. 

Irradiation at stages from advanced cleavage to closure of blastopore. 

Experiment A 

z a es z RESULTS 

a & D = 
fy ° | 6 

Eng mites z 8 3 REMARKS 
By Silt) Ni ro 
a ° Zz | o 2 Ss | se 
Meo; H | wg 1 I 8) Bn | 32 
Q Sel & Bo} f oF 33 | 9 8 
ada] 2) 6 | 8 | 88/38) 68 
a } 8 \ | <q | a A Za 

Hows min, | Bar| Een | Say 
144 | 45 | 31 | 58 42 At end of 8rd day after irradiation 33 per cent were very 

| abnormal. None lived after 19th day. 

153 | 45 | 26 | 15.4 | 65.4 19.2 | Retarded development but some metamorphosed. 

174 | 45 | 31 | 19.4 | 57.4 23.2 | Retarded development. 
20 ra | 68 | 48.5 | 51.5 During 2d. exposure the beginning of gastrulation was 

224 | 45 Wes ‘ evident ;# of spec. were dead by the llth day and all by 

| the 11th day. 
254 | 50 | 38 | 26.3 | 73.7 | At time of exposure gastrulation was well started. Devel- 

opment at first delayed but many spec. were followed 

through metamorphosis. 

29 45 26 | 15.4 | 84.6 | At time of exposure blastopore was small or moderate 

| | insize. At first development was retarded. 

303 | 45 | 22 | 9.1 90.9 | Small blastopore at time of exposure. Development 

| normal in most specimens. 
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Hours Min. 
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TABLE 6—ContTINUED 

Experiment Al 

Per 
cent 

| 

about) Small blastopore at time of exposure. All appeared to 
314 | 45 36 | | 100 develop normally although not all were followed through 

| metamorphosis. 

Experiment B 
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153 | 45 | 60 | 1.7 3.365 30 | Development retarded. None lived beyond 8th day. 
163 | 45 | 47 36.263.8) | Development retarded. None lived beyond 8th day. 
173 | 45 | 30 36. 763.3) Development retarded. None lived beyond 8th day. 
183 | 45 | 66 39. 459.1) 1 | 1.5) Only one specimen lived beyond the 9th day. Thisspecimen 

| metamorphosed. 
203 | 45 | 40 (12.587. 5) | Backward in development. All dead one week after irradia- 

| tion. 
| | 

213 | 45 | 33 (18. 2/75.8) 0.6 Backward in development. None lived more than two weeks. 
223 | 45 | 18 | 83.3)16.7 Backward in development. None lived more than two weeks. 
23% | 45 | 32 | 87.5)12.5) Backward in development. None lived more than two weeks. 

26 | 45 | 17 | 5.9/58.8 35.3) Backward in development. None lived more than two weeks. 

334 | 45 | 100 Development apparently normal in all specimens though 
|| not all were followed through metamorphosis. 

Experiment C 

5 Per) henes| 
Hours|Min. megs || ees | 

is} |) St) lh zal 25.4| 74.6 | The percentage in the last column indicates the number alive 

U7 |) BAN | P 36.1) 63.9 two weeks after fertilization. GastruJation was well ad- 

23 | 30 | 75 29.3) 70.7 vanced 23 hours after fertilization. 

Conitrol | 72 18.1) 81.9 

Experiment D 

| | 

8 Per, Per 
Hours Min- | cas Fant 

15 | 30 | 68 20.6, 79.4 Percentage in last column asin Experiment C. Gastrulation 
oC: a Rs {0 i 6) 30.6) 69.4 visible in 19th hour and nearly complete in 25th hour in 

25 | 30 | 8&7 31 69 most specimens. 

Control (425 17.6) 82.4 
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per cent. None of these tadpoles lived more than two weeks 

after exposure. In experiment B-333, however, exposure thirty- 

three and one-half to thirty-four and one-quarter hours after 

fertilization, all the eggs developed into normal tadpoles and a 

considerable number of these were followed through metamorpho- 

sis. At the time of exposure this group of eggs had moderate 

sized or very small blastopores. 

The results summarized in table 6, Experiments C and D fol- 

lowed the exposure of successive groups from two batches of eggs 

in which the control specimens showed a considerable percentage 

of defective and abnormal larve, (about 18 per cent in each case.) 

The causes of the defects are uncertain. The eggs in each case 

were laid while the female was in captivity and were fertilized by 

a male present in the same jar. There was a small amount of 

water in the jar and possibly the eggs were in some way poisoned. 

It was late in the season so that there is also a possibility that the 

eggs were over-ripe. The exposure of each of the groups of eggs 

was for thirty minutes. The exposed eggs showed a greater per- 

centage of larvee which failed to develop into free swimming tad- 

poles than the control. In both groups the eggs from the thir- 

teenth to the fifteenth hour, before gastrulation was apparent, 

showed less susceptibility than in the seventeen and nineteen 

hours when the process of gastrulation was commencing. A simi- 

lar decreased susceptibility preceding gastrulation was not clearly 

marked in the groups previously described. In Experiments C and 

D the development of the tadpoles was not followed more than two 

weeks after fertilization so that the number capable of ultimate 
normal development was undetermined. 

The internal changes found in abnormal larve and tadpoles 
derived from eggs exposed during the period of gastrulation seem 

essentially similar to those found in larvee derived from exposed 

sex cells. In general, however, the alterations produced seem to 

be somewhat more diffused in the former than in the latter. 

After exposure of the spermatozoa and to a less extent after 

exposure of the ova before fertilization one not frequently finds 

the abnormalities confined mainly to a restricted part of the body 
or to a single organ system, but when specimens are exposed dur- 
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ing and after gastrulation the alterations are not regionally local- 

ized although much more marked in some organs than in others. 

Of the various organ systems the central nervous system, 

including the optic stalk and retina, is the most regularly affected. 

The neural tube is usually dilated and thin walled. It seems 

quite evident that the neuroblasts lose the power of normal 

differentiation and, failing to differentiate in a normal manner, 

they finally undergo retrograde metamorphosis giving rise to 

irregular protopoasmic masses frequently pigmented. The earlier 

the time or the more severe the exposure the earlier do the dis- 
turbances in the neuroblasts become manifest. 

The vascular system is likewise usually markedly affected in 

specimens exposed during gastrulation. The heart and blood 

vessels are, as a rule, very rudimentary and the blood corpuscles 

seem to be much reduced in number or missing. External gills 

usually appear in these specimens although not as a rule in 

specimens severely exposed during the earlier stages. 

The alimentary canal in the specimens severely exposed during 

gastrulation seldom shows much differentiation of coils and the 

pancreas and liver are rudimentary. The mouth in most speci- 

mens is patent. The pharynx is poorly differentiated. 

The pericardial and peritoneal cavaties are usually greatly 
dilated. 

The pronephric tubules are sometimes abnormally dilated. 
The sex cells seem fairly normal. 

The chorda is usually relatively normal but may appear dis- 

tended. 
The myotomes and the muscles of the head are as a rule poorly 

differentiated. 
Frog eggs show, at times at least, a greater susceptibility to 

the X rays than toad eggs during the gastrulation period. In one 

experiment in which frogs’ eggs with small blastopores were 

exposed fifty minutes to the rays practically all the larve at the 

time of hatching showed marked abnormalities and none sur- 

vived this period. The chief abnormalities were seen in the ali- 
mentary canal, the central nervous system and the vascular 
system. Ina considerable number of specimens both the gut and 



480 CHARLES RUSSELL BARDEEN 

the neural canal were abnormally dilated. In another experi- 

ment out of 111 fertilized eggs exposed at the beginning of gas- 

trulation for two and one-half hours 32.4 died early in the period 
of larval differentiation and the rest before hatching. In a third 

experiment all of a lot of seventy-five frogs’ eggs exposed at the 

time of closure of the blastopore were abnormal in form by the period 

of hatching and died just before or after this period. 

Godlewski’s interesting studies on the relative proportions of 

nuclear to cytoplasmic material during the early development of 

the eggs of sea urchins have already been cited. (p. 470.) Dur- 

ing the blastula period he finds that the nuclei increase rapidly 

in number but at the same time decrease in size so that the pro- 

portion of nuclear to cytoplasmic material is not greatly increased. 

It is essentially a period of distribution of nuclear material, of 

increase of nuclear surface but of slow increase of nuclear substance. 
If similar conditions prevail in amphibian eggs the greater sus- 

ceptibility during the earlier cleavage stages as compared with 

the blastula stages may probably be ascribed to a greater sus- 
ceptibility of cells when the production of nuclear material is 

rapid than when it is slow. This likewise would apply to the 

gastrula and early larval stages. In the sea urchin Godlewski 
finds during the gastrula and pluteus stages that the nuclei 

gradually multiply in number but remain of about the same size. 

The production of new nuclei material is far less rapid than in 
the early cleavage stages. 

Ruffini (08) has shown that in amphibian eggs gastrulation 

depends largely on cell migration and on cell secretion. The 
neural tube is likewise formed by processes of cell migration 

and cell secretion, the latter due to the periectoderm cells which 

come to line the medullary tube. Osmosis likewise plays a 

part in the swelling of closed cavaties. There is little evi- 
dence that exposure to the rays affects these various proc- 
esses directly. Exposure during the early cleavage stages may 

prevent gastrulation or render gastrulation very abnormal by 

preventing the formation of the normal cells on which the proc- 

ess depends. But if these cells are once formed gastrulation 

usually goes on well in spite of severe exposure. The effects 
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come out later when larval formation calls for the differentiation 

of new types of cells. 

5. Period from the closure of the blastopore to the period 

of hatching 

Ixxposure to powerful X rays for an hour or less during this 
period seems to have little effect. In table 7, A, B, D and E 
each represents a separate batch of eggs. In D the immunity 
to thirty minute exposures is illustrated; in B and E the immunity 
to exposures of from forty-five to sixty minutes. The abnor- 
malities which a few specimens showed in these experiments are 

probably to be attributed to other factors than the mere exposure 
to the rays. 

Exposure for two hours or more during the early part of larval 

development inhibited normal development in nearly all speci- 

mens (A-42, 48 and B-643). In a group from one batch of eggs 

an exposure of one and one-quarter hours, fifty-two and one- 

quarter hours after fertilization, at a period when the neural 

tube was closed, inhibited normal development in 42.9 per cent 

of the specimens (B-52%.) In a group from another batch, after 

an exposure of one hour and thirty-five minutes fifty-four hours 

after fertilization, all but one specimen developed normally (A-54). 

In the latter part of larval differentiation an exposure of two 

hours had, as a rule, much less marked effect than during the 
early part (A-653, B-873) although in one lot it inhibited growth 

(B-703.) An exposure of from two and one-half to three hours 
sufficed, however, at this period to inhibit normal development 

(B-643, A-763). 
From these experiments we conclude that susceptibility to the 

X rays is less marked at this period than during the period of the 

closure of the blastopore and that it grows less as the period of 

hatching is approached. ‘To prolonged exposures the developing 
larvee are, however, decidedly susceptible. 

The organs chiefly affected are the central nervous system, ali- 

mentary canal and heart. The abnormalities resemble those 
previously described in connection with the results of exposure 
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during gastrulation but are less marked except in the central 

nervous system. In specimens exposed after the anlages of the 

head and tail are formed, the heart and blood vessels are far less 

affected than in earlier stages and blood corpuscles are found in 

much greater numbers. The musculature and chorda are but 

little affected. 

In a batch of frogs’ eggs exposed in the neural groove stage for 

fifty minutes all specimens showed marked abnormalities at the 

time of hatching and none long survived this period. Data at 

hand make it uncertain whether or not frogs’ larve at this period 

are usually so much more susceptible than toad larve as this 

experiment would indicate. 

6. From the period of hatching to the period of 

metamor phosis 

Several experiments were made to test the affects of exposure 

during this period but they were far fewer in number and less 
varied than those made during the preceding stages. 

TABLE 7 

Irradiation at stages between closure of blastopore and metamorphosis 
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42 3h. | 42 || 78.6 | 21.4 | Oval forms at time of exposure. 

48 2h. | 91 |) 62.4) 38.5) 1.1 | Neural plate stage at time of exposure. 

54 |1h.35m. 10 10 90 | All but one specimen developed apparently normally. This 

| remained small. 

| about 
654 | 2h. | 13 | 100 | Head and tail anlages well marked at time of exposure. 

about) 

72 |1h.40m. 18 100 | Head and tail anlages well marked at time of exposure. 

764 | 23h. | 20 || 40 | 60 | Exposure just before hatching; all died within eight days after 

| irradiation. 
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Experiment B 
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374 | 45 m. | 12 | 9.1 90.1 | Blastopore closed at time of irradiation. One specimen 

| appeared small. The development of the others appeared 

| normal but not all were followed through metamorphosis. 

38; | 45 m. | ? || 100 | Development of all specimens appeared normal. Several were 

| | followed through metamorphosis. 

40 CIS see |) Ys 100 Development of all specimens appeared normal. Several were 

| followed through metamorphosis. 

461 HHS ee, 100 Development of all specimens appeared normal. Several were 

followed through metamorphosis. One specimen Pied but 

cause apparently not irradiation. 

48 50 m. | 17 5.9 | 94.1 | Neural plate to neural groove at time of irradiation. 

j13)| 45 m., | ? 100 | Some show deep neural groove, others closed neural tuberal 

time of irradiation. 

524 | 1th. | i AQNON |S (ek | Closed central nervous system at time of irradiation. Not all 

| normal specimens were followed through metamorphosis. 

6455 he ol) 8 1225) | 87.5 | Head and tail anlages well marked at time of irradiation. All 

| died within 7 days after irradiation. 

703 | 2h | 8 100 | Head and tail anlages well marked at time of irradiation. All 

| || abnormal within 11 days and dead within 24 days after irradia- 

|| tion. 
763 \1h.35m.| ? 100 || Two died just before metamorphosis, but cause was probably 

|| not irradiation. 

874 2h. 20m., 9 || 100 | Irradiation just before hatching. Not all were followed through 

! \ metamorphosis. 

‘ Experiment D 

| | | 
Hours) Min. | Cham Risa ce | 

| \| 

26 30 0 2 98 || Blastopore closed at time of irradiation. 

30 30 50] 2 | 9\8 Neural groove visible in most specimens at time of irradiation. 

36 30 104 2 98 Distinct larval form in most specimens at time of irradiation. 

Con|trol | Onl | 96) .3 

Experiment E 

Hours) Min. \ cer 
| | 

35 AB | ? || 100 || All appeared to develop normally but none were kept and fol- 

; lowed through metamorphosis. 

63 45 ? 100 || Head and tail anlages well marked at time of irradiation. One 

died before metamorphosis. Cause? 

89 45 ? || 100 || Irradiation just before hatching. All died before metamorpho- 

I sis but cause apparently not irradiation. 
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In table 8 are summarized the results of exposure of various 

lots from three different batches. ‘A’ represents the 1909 batch 

of specimens from which groups were exposed during all the pre- 

ceding stages. ‘D’ represents a 1908 batch, experiments on 

which were described in the section immediately preceding this; 

‘F’ represents a 1908 batch not previously described. 

TABLE 8 

Trradiation between hatching and metamorphosis 
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4} thr.10m) 10 | 100 || Irradiation immediately after hatching. 

6 24 hr. iy 1, | All died within 15 days after irradiation. 

9 5 hr. ? 100 | All died within 18 days after irradiation. 

12 13 hr. gs || 100 | All died within 18 days after irradiation. 

20 2 hr. 2 | 100 | 

D 

| r | ee 
4} | 55 m. 100 | Larve newly hatched at time of exposure. 

8 1 hr. 100 | Well developed tadpoles at time of exposure. 

F 

4} 17 hr. 20 | 65 35 Lie on side in dish at time of irradiation. 

Con|trol 10 10 90 

5 13 hr. 10 70 30 ~=|| Large external gills at time of irradiation. 

Con)\trol LL) || 9 91 | 

Toad larvee after hatching but still disposed to lie on one side 

in the dish are decidedly susceptible. After one and three- 

quarter hours exposure in one lot 65 per cent of the specimens 

died within a month after exposure (F-43d); in a second lot 70 
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per cent (F-5d); in a third lot (A-6d); after two and one-half 

hours exposure all died within fifteen days after exposure. In a 

fourth lot (D-43d) an exposure of fifty-five minutes had little 

noticeable effect. 

After the tapdole becomes well developed and swims about 

freely it is still susceptible to prolonged although not to short 

exposures. Contrast D-8d and A-20d with A-9d and A-12d, 

table 8. Out of sixteen newly hatched frog tadpoles exposed 

for two and one-half hours to the rays fourteen died within three 

days after the exposure, one died on the fifth day, and the last 

specimen on the sixth day. Five frog tadpoles exposed ten days 

after fertilization for three and one-half hours all died within two 

weeks after the exposure. 

Larve exposed after hatching and while becoming differen- 

tiated into tadpoles show the effects internally chiefly in the cen- 

tral nervous system and eyes and to a less extent in the heart and 

blood vessels. The walls of the spinal cord may be so thick that 

the lumen is obliterated. The constituent cells in these speci- 

mens are quite abnormal. The pronephic tubulesmay be abnor- 

mally dilated. The alimentary canal and its appendages are 

usually relatively normal. The body cavity may be abnormally 

dilated. 

When older specimens are exposed abnormal accumulations of 

fluid between the epidermis and the underlying pigmented con- 

nective tissue are not infrequent. 

7 Period of metamorphosis 

My experiments on the exposure of toads to the X rays during 

metamorphosis have been quite limited in number. Out of four 

specimens with small immovable hind legs exposed for one hour 

to the rays one died sixteen days later, two twenty-two days later, 

while the fourth lived for a month but did not develop visible 

fore-legs nor hind legs sufficiently differentiated to move. Out 

of five specimens with small hind leg buds exposed for one hour to 

the rays all died within three weeks without undergoing further 

metamorphosis. Out of three specimens with small immovable 



486 CHARLES RUSSELL BARDEEN 

hind legs exposed for two hours to the rays one died within three 

weeks after exposure while the others lived nearly a month with- 

out undergoing metamorphosis. Out of five specimens with 

small hind leg buds exposed for two hours to the rays all died 

within three weeks without undergoing further externally visi- 

ble metamorphosis. Out of eight specimens used for control, 

five with distinct but immovable hind legs and three with small 

leg buds at the time of exposure of the other specimens, one was 

accidentally destroyed, two failed to develop vigorously and died 

before completing metamorphosis, while the others developed 

apparently normally. One underwent metamorphosis within three 

weeks but in the others metamorphosis was somewhat later. In 

another experiment out of six toad tadpoles with small hind leg 

buds exposed for two and one-half hours to the rays all died within 

sixteen days after the irradiation. Thus far I have been unable to 

- expose tadpoles sufficiently to inhibit development of leg buds, 

without at the same time so injuring the organism as a whole as . 

to cause death. 

From the experiments made it seems probable that during 

metamorphosis the toad is more susceptible to the rays than dur- 

ing the earlier tadpole stages. More extensive experiments are, 

however, necessary to warrant decisive conclusions. 

4, SUMMARY OF EXPERIMENTS 

The effects of exposures to X rays of the sex cells and of devel- 

oping ova and larve are illustrated in the following diagrams 

and tables. 

Diagram <A illustrates representative experiments to test the 

effects of irradiation of sperm, unfertilized ova, ova during fer- 

tilization, ova in the early cleavage stages, ova early in gastru- 

lation, larvee before hatching, young tadpoles and tadpoles with 

small visible hind leg buds. Each batch of eggs is represented 

by a column divided into the stages of fertilization, cleavage, 

gastrulation, larval differentiation before hatching, tadpole 

differentiation after hatching, growth of the tadpole and meta- 

morphosis. While these stages differ very greatly in the time 

required for their completion, for the sake of convenience they 
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thr. 1Om. 1 hr 
expos. Expos, 
sperm ovum 

Fertilization 

Cleavage 

Gastrulation 

Larval 
differentiation 

Differentiation 
tadpole 

Growth 
tadpole 

Metamorphosis 

Dracram A 

are represented as of equal proportions in the diagram. It is 

assumed that all eggs fertilized by the non-irradiated sperm devel- 

op normally and undergo metamorphosis if not exposed to the 

rays. The course of development of the eggs fertilized by irra- 

diated sperm or directly irradiated is represented by shading and 

deviations from the normal are represented by carrying the shad- 

ing to the right of the column representing the normal course of 

development. 

Thus some of the eggs fertilized by sperm irradiated one hour 

appear abnormal during gastrulation but most first appear abnor- 

mal during larval differentiation and before hatching. Few are 

differentiated into tadpoles capable of much development. 

In ova exposed for one hour before fertilization the abnormali- 

ties appear early in greater numbers than in eggs fertilized by 

irradiated sperm, but about the same relativenumber become well 

developed tadpoles. Eggs exposed during fertilization for forty- 

five minutes show many abnormal forms during the later cleavage 

stages and during gastrulation. Few are definitely differentiated 

into larve. 

Of eggs exposed during the early cleavage stages for forty-five 
minutes few undergo gastrulation. 

Eggs exposed early in gastrulation for forty-five minutes prac- 
tically all develop normally but if given two successive forty-five 
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minute exposures show many abnormal larval forms and few 

become well grown tadpoles. None in the experiments completed 

metamorphosis. 

Of young larvee exposed for two hours many become abnormal 

and die just before or soon after hatching but some undergo 

normal development and metamorphose. 

Exposure of tadpoles for two and one-half hours soon after 

they begin to swim usually causes death within a month. Expo- 

sure of tadpoles for two hours during metamorphosis usually 

inhibits metamorphosis and causes death within a month. 
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Dracram B 

Diagram B illustrates the effects of exposure of three different 

lots of eggs, batches of which were exposed at successive inter- 

vals of time. Lots A and B are those of Experiments A and B in 

the tables in which the batches of eggs were exposed for forty-five 

minutes. Lot C is that of Experiment C in which the eggs were 

given half hour exposures. Since the external features showing 

the effects of exposure differ at different periods it has been neces- 

sary to plot the curves on the frequency of occurrence of different 

abnormalities at different periods. The curves, therefore, are 

diagrammatically illustrative rather than mathematically accurate. 

9 
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For the percentage of the various defects at each interval con- 

sult tables 3, 4,5 and 6. The vertical columns indicate intervals 

of one hour after the beginning of fertilization. The base line 

indicates normal development and the height above the base line 

the relative extent of deviation from the normal. Each period 

of exposure is marked by a heavy line. The successive periods 

of exposure of each batch of eggs are connected with one another 

by dotted lines. The relative effects at the end of any given per- 

iod of exposure are indicated by the height of the right hand end 

of the heavy line representing that period. 

Thus, in Lot A, the effects at the end of the first forty-five 

minutes were distinctly more marked than at the end of the second 

forty-five minutes, while at the end of the third forty-five minutes 

they were again greatly increased. About this time the first 

cleavage plane became distinct and in the succeeding period the 

effects of exposure slightly decreased only to rise again as the 

second cleavage approached. ‘Then there was once more a slight 

decline in the severity of effects followed by a rise to a maximum 
in the seventh hour (sixteen cell stage for most eggs) and then a 

somewhat rapid decline to the sixteenth hour and a more gradual 

decline to the twenty-fifth hour (period of gastrulation for most 

eggs) followed by apparent insusceptibility to an exposure of 

forty-five minutes. 

In Lot C, with thirty minutes exposures, the effects were 

greater in the second half hour than in the first, rapidly declined 

in the third and still more rapidly rose in the fourth half hour. 

_ A half-hour exposure in the sixth hour led to effects nearly as 

severe as the forty-five minute exposures of Lot A. In the four- 

teenth hour a half hour exposure gave relatively slight effects, 

in the eighteenth and twenty-fourth hours, somewhat more 
marked effects and after this no noticeable effects.* 

8 These results should be compared with those obtained by J. F. McClendon 

(Arch. f. Zellforschung Bd. v, s. 385-393) in centrifugalizing frogs’ eggs during 

fertilization and cleavage. He finds an increasing susceptibility preceding the 

appearance of the first cleavage plane, then a decrease, followed by two periods 

of increased susceptibility preceding the appearance of the second cleavage 

plane, a decrease during this period and finally an increased susceptibility dur- 

ing the appearance of the third cleavage plane. 
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The first lot of eggs of Lot B was exposed in the sixteenth to 

seventeenth hour. It was more susceptible than the eggs of Lot 

A at this period. This greater susceptibility lasted through the 

early stages of gastrulation but disappeared toward the end of 

this period. 

In this connection we may refer to the work of Wintrebert (’06), 

mentioned above, who found that emanations of radium favor- 

able to the development of frog larvee would kill eggs in the early 

stages of development. 

When cell division is increased in rapidity by raising the tem-_ 
perature the X rays have more effect than when cell division is 

reduced in rapidity by lowering the temperature. 

In table C are summarized the internal changes found at differ- 

ent stages of development after exposing the organism at various 

periods. In many of the cells of the abnormal organs the nuclei 

both resting and dividing show marked abnormalities but in 

other cells they appear nearly normal. At times, however, 

especially during mitosis very irregular forms are seen. Apparent 

cases of amitosis are not infrequent. 
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PLATES 1 AND 2 

EXPLANATION OF FIGURES 

Figures to illustrate abnormalities produced by irradiation in early stages of 

development. The specimens shown had apparently ceased development when 

preserved. In each figure a view of the right lateral half of the specimen is shown 

above, the median sagittal section below. In fig. 5 a dorsal view and a transverse 

section through the posterior half of the body are also shown. : 

1to10 Forms in which the vegetable pole of the egg is incompletely enclosed. 

1to5 Cleavage cavity abnormally small or missing. 

1 Large yolk plug, archenteron fissure slight. 

2 Spina bifida; two slight tail buds; small archenteron; slight differentiation 

at anterior end of body. 

3 Spina bifida, tail bud partly developed; some differentiation of a heart; 

central nervous system solid mass of cells anteriorly, and bilaterally 

divided posteriorly; archenteron fairly large. 

4 Hemi-embryo. Right half of egg undeveloped, left half partially devel- 

oped. 

5 Hemi-embryo. Left half well developed, right half only partially devel- 

oped. a, view of right side; b, view of back; c, median sagittal section; 

d, transverse section through posterior part of body. 

6to10 Cleavage cavity of normal size or abnormally large. 

6 Abnormally large cleavage cavity. No archenteron. 

7 Abnormally large cleavage cavity. Small archenteron; protruding yolk. 

8 Large archenteron; large cleavage cavity; solid central nervous system; 

protruding yolk. 

9 Similar to figure 8, but further differentiated. . 

10 Fairly normal differentiation except in vicinity of anus. 

11to16 Forms in which the yolk has been enclosed by ectoderm. 

11 Abnormally large archenteron. No definite differentiation of a neural 

plate. 

12 Abnormal archenteron. Neural region a solid plate of cells without 

definite neural grove. 
13° Slight central cavity at anterior end of central nervous system but none 

posteriorly. 

14 Solid central nervous system. Small and abnormal archenteron. 

15 Fair differentiation but backward and distinctly abnormal. 

16 Abnormally dilated central canal of central nervous system and abnorm- 

ally dilated archenteron. 
Figures illustrating abnormalities in larvee which reach a higher stage of devel- 

opment than those described above have been published in The Journal of Exper- 

imental Zoology, vol. 4, 1907. 



SUSCEPTIBILITY OF AMPHIBIAN OVA TO X-RAYS PLATE 1 
CHARLES RUSSELL BARDEEN 

THE AMERICAN JOURNAL OF ANATOMY, VOL. 11, No. 4. 

497 



SUSCEPTIBILITY OF AMPHIBIAN OVA TO X-RAYS 
CHARLES RUSSELL BARDEEN 

PLATE 2 

THD AMERICAN JOURNAL OF ANATOMY, VOL. 1], No. 4. 

498 



Ae) 
ras he Hose Cee 



hee 
aa % 

i als “i 

yi / i bis A Wh 

uf eK) 
ie He 

ATTRA Ma 
hae hie 

K 
yy / 
4 

”) 

LA! Mh 







AAA Cty 9 WHSE 04739 



S
e
s
s
i
l
e
 

s
a
p
 
S
e
 

ee earn 

Ss
ab
it
ti
ss
on
sp
ek
ec
an
ss
 

p
e
t
e
n
t
e
s
e
s
 

e
r
 nas seers 

Goptes e
r
a
t
 

rete 
e
e
 een 

e
T
 

o
a
t
e
s
 

een oes e
e
e
 

—aaere 
e
e
s
 

=
 


