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THE EPIPHYSIAL STRUCTURES OF ACANTHIAS. 

SC ioe ae awe (ae soe 

The discovery by Spencer ('86) that there is a third 

eye in Sphenodon was one of the most striking announcements of 

that decade, and it immediately inaugurated a large amount of 

investigation on similar structures in other vertebrates. One of 

the early results of these studies was the recognition that there 

are two of these diencephalic evaginations, that either of them 

might develop: into an eye-like organ, and that the third eye of 

Sphenodon is not, as Spencer had regarded it, as the homologue of 

the pinealis of man, but arises in front of it and hence the organ 

in Sphenodon is usually called the parietal organ or eye, while 

the name pinealis is properly reserved for the structures, whether 

eye-like or not, which arise farther back on the roof of the 

diencephalon. 

Since Gaupp ('98) has summarized the work done in the 

last century, when most of the morphology of these organs was 

made out, it is not necessary to enumerate the groups which have 

a parietal and which a pineal organ. It is not out of place, 

however, to epitomize the work done on the pinealis of the 

Elasmobranchs, as that structure forms the basis of the present 

dissertation. 

So far as I am aware Ehlers ('78) was the first to 

recognize the pineal vesicle in any Elasmobranch. He described 

it in both Acanthias and Raja, but only its grosser features as he 

used no refined histological methods. Farther, he had no suspicion 

of its eye-like character, as he wrote eight years before Spencer, 



Digitized by the Internet Archive 

in 2013 

http://archive.org/details/epiphysialstructOOking | 



2. 

and the parts are so modified, at least in Acanthias, that one 

would hardly think of an eye in connection with them. The same 

applies to the work of Cattie ('81), three years later, who studied 

the pinealis in several genera belonging both to the Selachoid and 

the Batoid groups. These two are at variance on several points as 

will be pointed out below. To them we owe practically all that is 

known of the structure of the adult pinealis in Elasmobranchs. 

The development was touched upon by Balfor ('77), in his 

classic monograph, but he gave few details, though he traced the 

structure until it became imbedded in the roof of the skull. There 

is almost equally little in Van Wijhe's paper ('82), on the 

mesoderm of the head. Locy, however, has several articles which 

discuss the development ('93,'94,'95), but carries his studies 

with any considerable detail only through the early stages, as he 

was more concerned with the thesis that there were the rudiments of 

several pairs of visual or sensory structures in the medullary 

plate, even before its closure to form the neural tube. He believed 

that both parietal organ and pinealis were homonomous structures 

and that each was primitively paired, but that only one of a pair 

ever developed, the other degenerating and disappearing. 

To Minot ('01) we owe the first consecutive account of 

the development in any Elasmobranch, and his results, as far as 

they go, are confirmed in main, in the present paper. Minot 

discusses the several epiphysial structures as they appear in 

Acanthias - paraphysis, velum transversum, parietal arch (his post- 

velar arch), and pinealis, carrying his studies to the point where 

the parietal arch had vanished and the pinealis had assumed a 

form readily comparable with the adult. 
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3e 

In Scammon's Normentafeln (II) of Acanthias there are 

scattered notes of the condition of the epiphysial structures, but 

from the character of his work there can be expected no detailed 

account of them. So far as I know there has been no other 

embryological work in these structures in any Elasmobranch. 
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4. 

Material and Methods. 

The material for these studies was collected by Professor 

Kingsley at South Harpswell, Maine, but most of them with no idea 

of following out the development of the epiphysial structures, 

but as illustrating Elasmobranch development. Most of them were 

killed with corrosive acetic or with zenker's fluid, were sectioned 

in the usual manner, and were stained, some with borax carmine, 

some with alum cochineal, and some with Delefield's haemotoxylin. 

In some cases there were no exact statements on the slides as to 

the exact length of the specimen, an omission due usually to the 

fact that the specimen was imperfect, or, to apparent shrinkage 

in the reagents. There are, however, a number of series which were 

put up for special nerve studies. These are mostly larger embryos 

and the later stages up to the fullgrown dog fish. Most of these 

were prepared by Ranson's modification of Cajal's silver impreg- 

nation. Many of these show the nerve fibers in the clearest 

manner, but the fact that these materials were plunged at once 

into absolute alcohol has caused shrinkage in parts which inter- 

feres with the clear vision of many structural details. 

The study of this material was begun some years ago by 

Doctor Kingsley, who made a number of drawings and several models 

of the roof of the 'twixt brain region. He also had the advantege 

of studying the material collected by Dr. H. V. Neal, some of 

which is incorporated in the present paper. All of this material 

the notes, drawings, and models were turned over to me, and the 

following paper is the result. 
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Morphology. 

In the early development of the epiphysial organs, if the 

measurements can be depended upon, there is not aclose correlation 

between body length and the stage of these organs. Thus I find a 

specimen labeled 12 mm. which is more advanced in this respect than 

another, stated to be 13 mm. long. This will explain some of the 

discrepancies in the following account. 

In a 10 mm. embryo, a total mount, the diencephalon is 

clearly marked off from the telencephalic portion of the primitive 

fore-brain. Its anterior portion, the post-velar arch of Minot 

('01) lies just behind the scarsely indicated velar fold, while 

at the posterior limits of the diencephalon the posterior conmis- 

sural region is more strongly developed, projecting as a slight 

transverse ridge into the cavity of the brain. (Fig.1). Between 

these two landmarks the roof of the brain is much thicker than it 

is in the paraphysial region just in front of the velum. As yet 

the roof shows no sign of later differentiation into parietal and 

pineal arches. 

In a total mount, labeled 13 mm., the diencephalic roof 

is slightly thinner about half way between its anterior and poste- 

rior boundaries, than in front of or behind this line. This is the 

earliest indication I have seen of the differentiation of the two 

epiphysial structures, and the line between them is far more marked 

on the inner than the external surfaces (Fig. 2). The posterior 

commissure now dips more deeply into the cavity of the brain, while 

the internal velar ridge is more pronounced than before. 

The changes in an embryo, said to be 12 mm. long, are not 

great. Externally parietal (post-velar arch) and pineal arches 
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6. 

are hardly differentiated, but in optieal sections the boundary 

between the two is thinner than before, while there are slight 

excavations in the roof corresponding to the two arches (Fig.3). 

In sagittal sections of a 12.5 mm. embryo, the division 

between tel- and diencephalon is more marked by a further ingrowth 

of the velar fold (Fig.4), while a similar developement of the 

posterior commissure emphasises the contrast between the 'twixt and 

the mid brains. Between these limits the two arches are as evident 

on the external as internal surface. The roof shows a thickening 

between the two arches, the anlage of the superior commissure. 

The paraphysial arch, in front of the velar fold, is more prominent 

than in the 12 mm. stage. The parietal and pineal arches are decid- 

edly arcuate as seen in sagittal sections, but they are, in reality 

two transverse projections of the dorsal surface of the diencephalon 

In an embryo 15 mm. long (Fig.5) the velar fold has extend 

ed still farther into the cavity of the brain. Between the two 

walls of this fold mesenchymatous cells are found which have migrat- 

ed in from the region above. The paraphysial arch has become more 

pronounced and its apex more acute as a result of the backward 

growth of the telencephalon. Whether this is the normal condition 

is somewhat doubtful, as somewhat older stages do not show this 

condition. The parietal and pineal arches are almost equally promi- 

nent, and they show no indication of a paired condition. The pos- 

terior commissure has become more thickened and shows the beginning 

of the commissural fibers traversing it from side to side in the 

ectoglea layer. The fibers of the superior commissure have not yet 

appeared. The epiphysial arch is in contact with the dorsal surface 

of the posterior commissure. The region of the posterior commissure 
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7. 

is thickest dorsally, and from it there is a marked thickening on 

the inner surface of the diencephalon which extends ventrally and 

anteriorally, meeting a similar elevation on the inner surface, the 

two uniting and extending downward on the lateral wall of the 

diencephalon, gradually fading out at about the level of the in- 

ferior margin of the velum transversun. 

In sections of an embryo said to be 26 mm. long (about 

equivalent to text figure 13 of Scammon '1l) the diencephalic region 

is relatively shortened by the farther ingrowth of the posterior 

commissure and the velum and the great increase of di- and mesen- 

cephalic regions (Fig. 6). The pineal outgrowth is now far more 

prominent and is vesicular in character, the neck of the outgrowth 

being somewhat narrowed and actually smaller than in the last stage. 

Theres is no marked change in the posterior commissure, and the 

superior commissure shows no further differentiation. 

In an embryo slightly more advanced in other respects than 

the last (Fig.7) the pineal outgrowths has become more vesicular 

and is more strongly marked off from the parietal arch by the 

greater development on the inner surface of the superior commissure. 

The velum, now a strong fold of the dorsal surface, extends farther 

into the brain, and shows a differentiation of its anterior and 

posterior walls, the posterior being much thinner than the other. 

Mesenchyme cells, as yet few in number, lie between the two layers 

of this fold. The paraphsial arch is a dorsal continuation of the 

anterior wall of the velum and no sharp lime can be drawn between 

velar and paraphysial parts. But in front the paraphysial parts 

are sharply marked off from the rest of the telencephalon by a 

transverse groove on the outer surface of the cerebral regions. 
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8. 

In an embryo (Neal M-D) between 18 and 20 mm. long (about 

equivalent to text figure 15 or 16 of Scammon), sagittal sections 

show an interesting fact in that the internal lateral extensions 

of the posterior arch are unequally developed on the two sides, 

the left being much thicker than the right, and associated with this 

(possibly correlated with it) the pinealis shows a marked tendancy 

towards the right side of the brain. Dorsal to lateral thickenings 

noted in the 15 mm. embryo the cavity of the brain extends laterally 

into each half of the parietal arch, these extensions of course 

communicating in the median line with the third ventricle. From 

this it is ewident that the parietal arch is median, or bilaterally 

symmetrical. 

In a 23 mm. embryo (transverse section) (Fig. 11 and 12) 

the distal end of the pineal outgrowth is decidedly asymmetrical, 

lying on the right side of the median line, while the base of the 

structure, while still on the right side, is much nearer the median 

line. 

Sagittal sections of a 27 mm. embryo (Fig. 8) show the 

diencephalon relatively shortened by the continued growth of the 

other parts of the brain. The velum has grown father downward 

and its posterior wall is much the thinner of the two, while at 

the origin of the velum from the roof of the brain the two walls 

are closely approximated to each other. Below this region the two 

walls are separated by the mesenchyme, which is slightly more 

plentiful than was found in the embryo shown in figure 7. The 

superior commissures now show transverse commissural fibers, and 

superior and posterior commissures are now relatively and actually 

closer to each other so that the opening into the lumen of the 



bie LL iwh Sp (int 

Pe Fs 

8 cg 

E Dent: ‘ 

( 

biewpreg teckel feccn esd outa el (paleedede ie 

¢ 

* 

‘ “e 
* I 

Pe ets 

Hes F 4 

sRaht 

| ji” ! 

a. 

. “a ; * 

of cal La 

. f%’ : 

S255 6 

roOrrdy 2 

~* 
we ete BJ 

i « { 

3 +3 

to onad of ollidw ioctl! sethecee tS ebie diy te 

age 

WOK 

at 

ceed! eri abner! GAS to och ‘ae aresny’y owiey oil 

cat oghyse Ghat xe coy .. t6éhlo- deme ee: ‘nosannenat 

EtOH 

ou 

OTE, hactigog Lae i aE yeuvdaatss + Wontar Wits oe 

Ate inal cat ode getiene. otf dealin: 

Miter. Legbtel ieadeteal eit tt: oiiveed wats 

Gd Lateigt 62 {ro lew en¢ To shke 2ag 

elobticoy rid ety is wit setheW edd ny 

bafre owe - te nAlld ett egm eh Loew bt 

>) = 3 ° : ‘ ¥ DE tes 
mg wt j = 

. wr: 
4 - Te = a 

A 

i OS Dna Ef wesected (a-% leew) cen ie ff 

etticns .{atemeog io @Lone ef eighty Jat of 

cud ont Mo befolevab vilecveny sta iege 

sietsoane tte , ditei tif nant =O ei wees 

Vota © eeode ells wit (6) 2 ie Setar 

Bbeetzs miu it oc =fiwao sc*_ eggs ce CL we 

© Gholenes cag down Jee ee te 

te wutelienm ol Loto lued, die gad dated 

agin raseotée ) ey iedens! met ee 

wgne whtol te i (trogetwe Epeditq eth to 

| vee 

inten doom <i .. \he digiy eftie, SRR 

- sei. 
=o LR ah i : ic it TS Re eae teeee Leted 

AevONy Deovuri ioc... 28) yo Seaeaege clovitaleg 

pitdehie Gh -Mitaw  ,¢ CAO B RE badge , 

a otarg tt al apes: eye, ech fet en ere 



9. 

pineal outgrowth which lies between the two is narrower than before. 

The posterior commissure has increased very materially in size. 

The anterior limit of the paraphysial arch is now indicated by a 

sudden narrowing of the posterior dorsal surface of the telen- 

cephaion, the arch itself curving backward and downward and 

gradually passing into the anterior wall of the velum. 

In another 27 mm. embryo there is a farther developement 

of the epiphysial parts. The parietal arch has almost entirely 

disappeared as a distinct structure, its anterior and posterior 

walls being nearly in contact, the anterior being the dorsal part 

of the posterior wall of the velum, while the posterior side of the 

parietal evagination forms the anterior side of the superior 

commissure. The pinealis now is more visicular with a narrow stalk 

and the axis of the whole is vertical. The posterior wall of the 

pinealis rests against the posterior commissure, while immediately 

in front of the outgrowth is the posterior wall of the paraphysis 

which bends slightly backward over the remnants of the parietal 

arch. The pineal outgrowth is flattened in the antero-posterior 

direction. The anterior boundry of the paraphysis is marked as 

before by the same groove in the roof, but this is now sharper and 

more pronounced than before. 

In embryos 30 mm. long (Fig. 9) there is a little advance 

over the 27 mm. stage. The most noticeable change is the plication 

of the posterior wall of the velum transversum, the first step in 

the formation of the chorioid plexus. The pinealis is still 

vesicular without any sharp differentiation into vesicle and stalk. 

In transverse sections of a 33 mm. embryo (Fig. 13) the 

anterior wall of the velum transversum has its lateral parts 



Osad BRachenh off 4» } e ed |, dog iene oo ‘ine, 

* : as tine > . le ‘ 

10 Ptadaog 4 ore h: beet sa if gen epee Leeake i 
7 

H 

RS ee ae 
if 4 eer Ay f 

Re 

inn? See aan @f ows add needled emit fo hie 
ay 

Otts HP wlietsedak vied Bbaboteul that hres Tie © ee Py 

heteoltel- wen Ol daw Ce beyiternd ott te State om 
4 

<é 

Pee on 

77 = _ 7 i ‘ . - a a -mefes 409 Wo Soeicue: tye civedaeg Git Ie me 

Mme ead 
ReTOMeGh Git 2h “lei Viped? dona Be 

seh PY a : i in tO Saye eghd efnt ante aqee 

pis 
boo lieeh witine* alt oho at VY saezcame tr 

* . 
n 

te f 
Ef yi ° 

ornidae Jecmin w ‘i af? veyed Deze 

Ae 

aillin ee er ee 

x 

t ae 
ten Fane fre, : ; lL ,wutoweiea toatiat? 0 ae) 

: a 

5 
t¢ ofid 262 1 el low 90) hee, of eo Stew rie Le ~ 

mm iNeotn 6 +6 : ao be ‘sok Berge? “moO kde 

tomian & Mi -lelv one el Woo Shlaeekiq ait am 

ie te ti ey nim f wet rely r. 4 id fey 4 p Hifi art t "o's 

a - 6 ¥ 

barbenmi' wikiy , i’ito vette eff Jah taal 

P ; : : , i « Se 

BYGe ta] Hie it auf cat ab ciel ipdde apt | 

(irnivse @84 ic od cen 1? sevit Srawioas yitded fe 

ae Seiten ak ute (eo. oot to. yaiweed So teeta ear 

SST Wi at e€Ltte fd. W6eyees et Sven oy ere Be v 

eX led mods Hear 

he Af0SRM a at eroull-(O spt) Wee iam O8 aoeiaeeiee 
_ 

voblg she OL america | olfcH JM BHP iotgete va 

fa SaethT ead: pcre 0” Vay Lee ae ee! rican aot mt og 

Citte: mt allaerie ei « abe ty bdo patie od “2g we ta 

iu ervneey Cit. Bottulche ts TER girarta:’ bares eat Se8 

1d. «he Ovting air he et 3 
~ 
_ 

ee 
— 



10. 

plicated, these folds marking the postero-ventral limit of the 

parephysis. Into these and the folds on the posterior surface, 

blood vessles now enter and blood corpuscles occur here and there. 

The distal end of the pinealis is clearly to the right of the median 

line, but the point of attachment to the roof of the diencephalon 

is almost if not quite in the sagittal plane. 

Immediately below the median portion of the posterior 

commissural fibers the ependymal cells of the roof are modified so 

that the inner portion contsins few nuclei but is composed of faint 

fibers which project down to the edge of the brain cavity. The 

area which has its ependymal cells thus modified is slightly 

thinner than the rest of the brain wall to form the future subcom- 

missural fossa. This modified region is the subcommissurel organ 

and is represented, not as separate strip laterally located, but 

as the entire area in median line of the brain. The lateral edges 

are, however, more strikingly modified than is the median region. 

The next embryo in order is without indication of its 

length. It was considerably larger than 55 mm. and less than the 

next to be described (60 mm.). The wall of the velum transversum 

are now largely converted into telae chorioideae, and the accom- 

panying blood vessles are more extensively developed. There is a 

noticeable increase in the superior commissure, both in size and 

in the number of fibers which it contains. The tip of the 

_Ppinealis now overhangs the superior commissure and it is, as before 

to the right of the median line but its point of attachment is 

still nearly median. It is slightly differentiated into a distal 

enlargement which is about twice as thick as the proximal stalk. 
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The lining cells of the brain beneath the fibers of the 

posterior commissure have now elongated, the early stage of the 

so-called subcommissural organ. The subcommissural organ is found 

below the posterior commissure in a short longitudinal depression, 

the subcommissural fossa, which possesses a median groove and two 

‘lateral grooves, the latter grooves are wider. The lining of these 

grooves and part of the edge of the median one is elongated epithea 

cells which compose the subcommissural organ. 

A 60 mm. Acanthias is cut in transverse sections, and 

the changes are such as to require a more extended description. 

The pinealis has elongated and its distal end lies above the bottom 

of the longitudinal fissure and shows three regions, the attachment 

to the roof of the diencephalon, the stalk, and the distal vesicle. 

The vesicle (Gaupp's pars craniale) is imbedded in the 

connective tissue which stretches across the wide epiphysial 

foramen (Grace Wells 1917) in the roof of the chondrocranium. 

In transverse section it is somewhat triangular, the flattened base 

being directed upwards and the other two sides passing into the 

stalk. The distal side is slightly lenticular in section, the cells 

with spherical nulei raiating from a center, the whole forming a 

lens, covered externally by corium and skin. The lateral or 

retinal walls are composed of elongate cells with oval nuclei, 

their inner ends being pointed or conical and projecting some 

distence into the lumen of the vesicle (Fig. 10). At this stage 

there is no pigment in the eye or in the surrounding skin. Outside 

of these cells is a layer of fibers, limited externally by con- 

nective tissue. In view of what is found in Acanthias at a later 

stage, and what occurs in other pineales, I have been inclined to 
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regard these fibers as nervous, although I have no material 

preserved with any distinctive nerve-stain. 

The stalk (partie mediane of Cattie '82, pars intermedia 

of Gaupp '97) is cylindrical at the distal end where it connects 

with the vesicle. It is hollow throughout but flattened dorso- 

ventrally, and continues backwards and downwards between the 

cerebral hemispheres, its ventral surface resting on the paraphysis 

The stalk is connected with the right side of the brain 

roof, the median line of which is readily determined by the groove 

in the middle of the superior commissure as noted by Minot ('01). 

The divergence at the point of attachment is slight but stiil 

decidedly recognizable. On the inner dorsal surface of the 

diencephalon the ependyma immediately posterior to the base of 

the pinealis shows the modification of the cells to form the sub- 

commissural organ somewhat advanced over the proceeding stage. 

The parietal or post velar arch has been completely lost 

as a distinct structure and is represented by the space between 

the superior commissure and the posterior wall of the velum. The 

velum itself is now wholly chorioidal in character and extends 

down fer into the third ventricle. The paraphysis is thin-walled 

throughout and passes abruptly into the cerebrum in front and 

without any sharp line of demarcation into the tela chorioidea 

behind. 

The following description is from a series of 75 sections 

of an early "pup" in which the brain measured 14.5 mm. in total 

length. As this was removed from the head, the pineal vesicle 

was lacking. 

The subcommissural organ, which was very small in the 
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earlier stages, now spreads on the surface of the brain &s an 

elongate oval, the major axis of which does not coincide with the 

major axis of the brain, but oblique, its anterior end being a 

little to the right of the median line. The pit in the mesen- 

cephalic and diencephalic roof where this organ lies, is deepest 

anteriorly where the cavity is connected with the lumen of the 

pineal stalk, and just in front of this the anterior border of 

the groove is almost vertical. On the anterior side and on the 

whole of the left side the groove passes gradually into the rest 

of the wall of the brain, but on the posterior, and the posterior 

part of the right side the subcommissural region is margined by 

a sharp crest, which, viewed from below, slightly overhangs the 

(In a later "pup" there is a similar crest on both sides groove. 

posteriorly). Between the crest and the subcommissural fossa there 

is a narrow groove into which the columnar epithelium character- 

ising the subcommissural organ extends. The opening between the 

subcommissural fossa and the recessus subpineal, (Sargent '04) 

(or the lumen of the pineal stalk) is nearly circular. Just 

inside of the opening is a semicircular groove, the basipinealis 

groove, its concavity directed anteriorly, and its lateral horns 

are continued inside the stalk as the lateral parts of the lumen. 

Between this groove and the subcommissural fossa is a prominent 

ridge with rounded ventral margin, which descends from the dorsal 

or posterior wall of the base of the pineal stalk. 

The stalk is surrounded by a layer of loose connective 

tissue continuous with the dura mater of the rest of the brain - 

the pia mater is pierced by the stalk and surrounds the median 

portion while the distal end is surrounded by the dura mater which 
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14. 

forms the lining of the skull. In the distal part of the stalk the 

nerve fibers run parallel to the axis of the stalk (Fig. 28), but 

near the proximal end their course is different as will be 

describe below. Inside of this nerve fiber layer and lining the 

lumen of the stalk is a layer of nucleated cells, (continuous with 

the ependyma of the brain) which varies in thickness with the 

diameter of the stalk. Thus near the distal end there is but a 

single layer of these cells, while at the base the layer is five 

or six cells in thickness (Fig. 21). The cells which immediately 

border the lumen are produced internally into fine, thread-like 

projections, thicker at the base and tapering as they extend into 

the lumen. In the distal part of the stalk the lumen is almost 

entirely filled with these filaments, while near the base the 

tangle which they produce is much looser, and more of the lumen 

is free from them. 

In the distal part of the stalk the nerve fibers are 

almost equally distributed in all sides of the wall, but near the 

union of the stalk with the roof of the brain the number of fibers 

in the lateral parts is greater tham on the dorsal or ventral sides, 

although the median dorsal tract contains more fibers than the 

ventro-lateral parts. 

These fibers can be traced fairly well in sagittal 

sections of the stalk itself, but near its union with the dien- 

cephalic roof many of them take an oblique course so that it is 

practically impossible to follow any single fiber. As far as they 

could be distinguished, the following is their distribution in 

this region, the conclusions being drawn by the position of separate 

bundles in successive sections. 
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The fibers of the lateral regions of the stalk, on 

reaching the roof region, may be grouped roughly into anterior 

(or ventral) and posterior (or dorsal) groups. Of these the 

anterior fibers bend anteriorly in the roof and pass obliquely to 

the habenular ganglion of the same side where they become associ- 

ated with a group of ganglion cells (Fig.14). Similerily, the 

more dorsal fibers proceed backward to enter the posterior com- 

missure, passing just lateral to the margin of the subcommissural 

organ, and ventral to all of the ganglionic cells of the region. 

Still another group from the lateral regions pass outwards and 

backwards along the margin of the subcommissural organ to the 

ventral surface of the posterior commissure (Fig. 30). In the 

case of the fibers of the dorsal (posterior) side of the stalk a 

marked decussation is plainly seen in come sections, fibers from 

the right side of the stalk passing to the left side of the dien- 

cephalic roof and vice versa (Fig. 29). After this decussation 

the fibers pass back to the region of the posterior commissure, 

but there they become confused with fibers coming from other parts. 

The subcommissural organ at this stage consists of two 

bands of columnar cells along the margin of the fossa in the roof. 

From these cells fiber-like processes project into the lumen of 

the ventricle. 

In a somewhat larger "pup", in which the brain was 16.5mm 

long, the attachment of the epiphysis was on the right side of the 

diencephalon, the asymmetry noticable on both outer and inner 

surfaces of the brain. The fossa of the subcommissural organ is 

relatively shorter and proportionately narrower than before. The 

fossa is deepest anteriorly where it continues into the recessus 
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subpinealis (Fig. 27). It is roughly divided into right and left 

halves by a median furrow which is a backward continuation of the 

lumen of the stalk. To the left of this groove the fossa forms a 

more shallow pit. On the dorsal surface of the brain, almost 

directly above this shallow pit is a small projection to the left 

of the base of the epiphysal stalk (Fig. 26). In its general 

appearance it recalls the earlier stages of the pinealis, but I 

have no evidence, other than this, of its morphological importance. 

As in the last stage the stalk is flattened dorso- 

ventrally at, and near the base, but farther out it becomes more 

nearly cylindrical, especially near the distal end. Its lumen is 

filled with a network of fine fibers as in younger stages (Fig.21). 

The same fibers were observed in the same places in the stalk as 

before, but on account of the different method of preparation, 

these could not be traced as well and it is impossible to say 

anything regarding their decussation or termination. 

The pineal vesicle is the expanded distal end of the 

stalk. Its cavity is continuous with that of the stalk. Viewed 

from above it is somewhat oval in outline, the transverse diameter 

being much greater than the sagittal. In sagittal sections it is 

obliquely triangular (Fig. 20) with dorsal, ventral and posterior 

walls, the connection of its cavity with the lumen of the stalk 

being between the posterior and the ventral walls. 

Transverse sections (Fig. 16) show that the dorsal wall 

is smooth externally where it lies immediately beneath the corium 

of the top of the head; but the inner surface is thrown into a 

series of longitudinal folds or thickenings, the number of which 

varies in different parts of the organ. The cells composing this 
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wall are columnar, long in the fold, and nuclei placed in the 

deeper ends of the cells, close to the internal surface, following 

the ridge and depression very closely. 

Sagittal sections through the middle ridge (Fig. 20) 

give a lenticular outline to the thickened area, which is bounded i 

in front and behind, but more especially in the latter region, by 

a distinct groove. In the more lateral thickenings (Figs.18 & 20) 

there are still traces of the lenticular outline, but this is not 

marked as near the middle of the vesicle, while the posterior 

groove is much wider, which is, possibly, in part the result of 

the fact that the plane of the section passes near the margin of 

the structure. 

On the ventral wall of the vesicle much the same 

conditions occur (Figs. 16 & 20) as in the dorsal. There are 

similar ridges projecting internally, formed in general of similar 

columnar cells, and (Fig. 20) having the same lenticular outline, 

though the latter is not so pronounced as in the dorsal wall. 

At either side of the median line this lenticular outline is lost 

(Figs. 17 & 18) because of the plane in which the sections are cut. 

The posterior wall is formed by a strong transverse 

ridge, just above the beginning of the lumen of the stalk. This 

is best seen in median sections (Fig. 20), but it is still 

recognizable farther to the side (Figs. 17 & 18). 

A noticable feature is the irregularity of the inner 

surface of the vesicle, the result of the position of some of the 

lining cells, which here and there appear as if about to be cast 

off into the cavity (Figs. 17 & 18). These cells resemble in 

several respects the "mucous" cells which Dendy ('10) describes 
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in the lens region of the pinealis of Sphenodon, and which arise 

from the lenticular area to form the "vitreous body". 

The external part of the wall of the vesicles contains 

very few nuclei, but immediately beneath the corium and the 

connective tissue are fibers, which probably are nerve fibers, 

though in none of the Ransom-Cajal material did they take the 

characteristic nerve impregnation. These fibers, in favorable 

transverse sections, are seen to pass into the bases of the ridges. 

Interpreting the pinealis of Acanthias in the terms of 

the pineal and parietal eye of the other vertebrates, the dorsal 

wall would correspond to the lens, the ventral and posterior wall 

would be the retinal region. The difficulties of this interpre- 

tation are: (1) The distribution of what are apparently nerve 

fibers on the dorsal or lenticular surface of the eye; (2) The 

failure to recognize any distinctly receptor apparatus (rods and 

cones) in the retinal areas (except in younger 60 mm. stage the 

cone-like cells might be receptors, corresponding to Dendy's 

"sense cells", 1910, p.267); (3) The failure to find a connection 

of the nerve fibers with the cells in the ventral and posterior 

wall of the vesicle, which should be retinal in character. 

On the other hand, the well defined nerve fibers in the 

stalk in this, and other stages, and thedistribution of these 

to the superior and posterior commissural regions and the 

neighboring ganglion cells, all indicate that the pineal vesicle 

is sensory in character although this does not necessarily preclude 

its having other functions. 
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There are apparently some change in structure of the 

pineal vesicle between the "pup" and the adult. The inner surface 

of the vesicle is not thrown into such ridges as in the earlier 

stages and the posterior wall, so evident before, has flattened out 

and slopes gradually into the stalk as did the ventral wall in the 

"pup". 

The retinal and lens regions sre not as sharply. shown in 

these sections because the sections do not pass longitudinally with 

the furrows of the vesicle. Notwithstanding these ridges are 

narrower than those present in the "pup" and are seen to pass down 

into the lumen of the stalk, the nerve fibers in the deeper portion 

of the ridge and the nuclei close to the lumen of the vesicle. 

The lumen of the vesicle contains a considerable amount 

of coagulum, which, in places is clear and homogeneous, but in 

places there are varying amounts of a darkly staining bodies, around 

which are lines closely simulating cell walls. That these are true 

cells I am unable to say with certainty, but they have every 

appearance of being such. This interpretation is in accord with 

what Denty finds in the parietal eye of Sphenodon. These he claims 

are sloughed from the region of the lens, pass into the cavity of 

the vesicle and there form what he calls the vitreous body, though 

he, at the same time, calls these cells "mucous cells". In the 

stalk of the adult eye there are similar nuclei collected in the 

center of the lumen (Pig, 25) while the inner surface of the stalk 

was irreguler, with processes, with processes extending toward the 

center nuclei; but whether these processes of the lining cells 

actually are connected in life with the central nuclei, I am unable 

to determine. 
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Discussion. 

Ehlers ('78) describes the pinealis as hollow throughout, 

Cattie ('S81) says, "J'ai trouve la glande pinealis partout massive, 

excepte dans as partie la plus proximale". The present work confirms 

Ehlers' view that the pinealis is a hollow vesicle, stalk and all, 

and its cavity in connection with the ventricle of the brain. 

Gaupp ('97) accepts Cattie's view on the subject. Cattie's mis- 

conception regarding this point can be easily explained, when we 

consider that the vesicle as well as the stalk contains a coagulum 

or network of fibers, partially or completely filling the lumen. 

This coagulum when stained with haemotoxylin is homogeneous with 

pseudopodia-like projections, while in silver nitrate preparations 

(Ranson-Cajal method) it forms a granular network similar to the 

intercellular (?) substance of the stalk. 

Minot, describing the superior commissural region in 

an embryo 70 mm. long says, "Around the superior commissure, - - - 

there is also a considerable accumulation of differentiated nervous 

tissue, indicated in the figure by shading with lines. This mate~ 

rial does not extend across from side to side but is interrupted 

by a deep narrow cleft in the morphological median plane - = = as 

can be readily observed in transverse and frontal sections of this 

and earlier stages". He then says in describing the pineal region 

shown in a sagittal sectian of a 70 mm. embryo, "The section figured 

passes through the mouth of the epiphysis but does not pass through 

the cleft mentioned - - -", Although Minot does not explicitly 

state that the pinealin is median, he gives that impression; this 

statement could be interpreted to mean that in his material the 

pinealis is not strictly median but to one side of the median line. 
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el. 

No one, I beleave, has found the pinealis of Acanthias to the right 

of the median line, and described it as such, prior to the present 

description. 

Minot mentions the presence of blood vessles in the velum 

transversum in the 86 mm. embryo, but gives no account in earlier 

stages of the presence of blood vessels or any substance from which 

the blood vessels could be formed. 

Comparing the present findings in Acanthias with the 

Cystostomes we see that PetroOmyzon , according to Scott and Abhorn, 

is very different from Acanthias. Scott describes the primary 

vesicle as a median diverticulum form the brain. A second diver- 

ticulum sppears later (Scott knows not how) and the primary and 

secondary pineal vesicles lie to the left of the median line of 

the brain. After metamorphosis the characters of these parts are 

essentially the same, the pineal stalk becomes elongated and 

attached to the left habenular genglion. 

In Geotria, Dendy ('07) finds that the posterior vesicle 

(his pineal organ or right parietal organ) is on the right of the 

median line, while the anterior vesicle or parapineal organ is to 

the left. The nerve connections were traced to: (1) The epithelium 

of the ependymal groove (both directly and possibly also by fibers 

which pass through the posterior commissure), (2) With the right 

habenular ganglion and, (3) With the right bundle of Meynert". 

Comparing this with the nerve connections in Acanthias the first 

point is the same in Acanthias as Geotria. The nerve fibers were 

not traced with certainty to either habenular ganglion, but as far 

as they could be followed they were taking a direction as if to 

enter both of these ganglis. The third connection, that to the 
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right bundle of Meynert, was not definitely determined. 

Among the Ganoids we see that there is a striking 

asymmetry. In Amia, Hill ('94) finds the "posterior epiphysial 

vesicle or epiphysis" in a 10 m. embryo, "attached by a narrow 

short stalk to the roof of the thalamencephalon in the median plane 

and between the posterior and superior commissure. Its middle 

point lies a little to the right of the median plane between the 

posterior and superior commissure". In Amia and Polypterus, 

Sargent figures, in sagittal sections, the "epiphysial decussation" 

at the base of the pinealis, but does not describe it in his text. 

In Teleosts, Hill ('94) finds in Salmo and Catostoma 

the posterior epiphysial vesicle "lies a trifle to the right of the 

median line of the brain", while the anterior epiphysial vesicle 

lies to the left of the median plane of the brain. In Stizostedion 

and Tepoms, however, he finds that the posterior vesicle lies in 

the median plane while the anterior vesicle "lies just to the left 

of the median plane", 

Sargent ('04) shows figure of epiphysial decussation 

in Amiurus nebulosus but because of the nature of the article does 

not describe it in detail. 

In the Dipnoi, Beauregard ('81), Huxley ('76) and 

Burkhardt ('92) say nothing about its being on the right or left 

side, although Burckhardt shows a figure with it in the median 

line in Ceratodus. In Protopterus, Bing and Burckhardt ('05) fail 

to mention or figure the position of these structures. 

Dendy ('10) togather with other writers strongly support 

the bilateral theory of the pineal organs; which supposes the two 

pineal vesicles to be derived from a pair of diverticula of the 
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brain which arise from the same transverse region. The four 

criteria that verly uses to determinecthis character are: (1) The 

position of the paristal and pineal organ to the right or left of 

the median line, (2) The identical structure of the two vesicles, 

(3) The nerve connections of these vesicles with the corresponding 

members of the Habenular ganglion-pair, (4) The marked asymmetry in 

point of size of the two habenular ganglia and the exact corres- 

pondence of the bundles of Meynert to the unequal development of 

the two pineal sense organs with which they are respectively 

connected. 

Of these four criteria the first is the only one that 

applies to Acanthias as the pineal vesicle in the adult lies to 

the right of the median line while the early parietal vesicle is 

median. In the early embrylogical stages both the parietal and 

pineal vesicles are symmetrically placed, median and unpaired 

organs. The second point that of identical structure does not 

apply in the least as the parietal vesicle is rudimentary in the 

later stages while the pinealis is more distinctly eye-like. The 

nerve connections of the two vesicles with the habenular ganglion 

elements is not easily applied as apparently the nerves from the 

pinealis connect with both habenular ganglia. The fourth criterion 

the correspondence in size of the habenular ganglion elements to 

the degree of development of the parietal and pineal eyes is not 

applicable because the habenular ganglion elements are almost equal 

while the pineal and parietal elements are very different. 

It might be argured that since the habenular ganglia 

are nearly alike in size and since there is a decussation of nerve 

fibers in the proximal end of the pineal stalk that the parietal 
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24. 

and pineal vesicles have become fused (a decussation of nerve fibers 

from the right and left epiphsial vesicles is described by Cameron 

('04) in the Teleosts where the fibers continue to the opposite 

elements of the habénular ganglion from which they originate. This 

argument as far as I can see has no foundation as the early embryonic 

stages show clearly that the parietal and pineal arches are entirely 

separated. 
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25-6 

Conclusions. 

In early stages of Acanthias two transverse arches are 

developed in the diencephalic roof, an anterior or parietal arch 

and a posterior pineal arch. 

The pinealis is entirely derived from the posterior arch, 

the parietal or post-velar arch making no contributions to it. 

With farther development the pineal arch gives rise to 

an eye-like structure while the parietal arch gradually becomes lost 

in the tissue between the superior commissure and the velum 

transversum. 

In the early stages neither arch shows any more indication 

of being a paired structure than does any other part of the brain 

roof. In later stages, however, the base of the pineal stalk is 

attached a little to the right of the median line, and this, with 

a correlated asymmetry of some other parts lends a little support 

to the view that the epiphysial organs were originally paired. 

There is no evidence that the existing pinealis is derived by the 

fusion of paired organs. 

The structure of the wall of the terminal vesicle is 

such that, without the knowledge of the pinealis and parietal organ 

in other forms, this would not probably be regarded as a modified 

eye. 

Distinct nerve fibers run from the vesicle through the 

stalk to the roof of the mid-brain where they are distributed to 

different parts, some going to the superior commissure and the 

associated habenular ganglion, some going to the region of the 

posterior commissure, while some on the dorsal (morphologically 

posterior) side of the stalk undergo a decussation before entering 
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26. 

the region of the posterior commissure. 

The nervous connections, though not traced into discrete 

cells of the terminal vesicle, are such as to render it almost 

certain that the pinealis is sensory, but there is nothing found 

which militates against its having other functions. 
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Explanation of Figures. 

a ee 

pc. - posterior commissure. 

v.tr. - velum transversun. 

pi. - pinealis. 

p. - parietal organ. 

pa. - paraphysis. 

s.c. - superior commissure. 

n.b. - mid brain. 

f.b. - fore brain. 

ch.p. - choroid plexus. 

p.s. - pineal stalk. 

nf. - nerve fibers. 

s.c.f. - subcommissural fossa. 

ct. - connective tissue. 

co. = coagulum. 

n. - nucleus of sense cells. 

ep. - epidermis. 

cor. = coriun. 

car. - cartilage. 

Dev. blood vessels. 

p.p. - parietal plug. 

n.f.l. =- nerve fiber layer. 

l.r. - lenticular region. 

nec. - nuclei in coagulum. 

b.p.g- - basi-pineal groove. 

pr. - prominence. 

p.ev. - pineal vesicle. 
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r.f.b. - roof of fore brain. 

t.ch. - tela choroidea. 

Plate I. 

Optical section of 10.25 mm. embryo. X 73. 

Optical section of 135. mm. embryo. X75. 

Optical section of 12 mm. embryo. X 735. 

Sagittal section of 12.5 embryo. X 75. 

Sagittal section of 15 mm. embryo. X 735. 

Sagittal section of 26 mm. embryo. X 75. 

Sagittal section, length not recorded. X 46. 

Sagittal section 27 mm. embryo (not quite sagittal 

through posterior commissure). X 46. 

Sagittal section 50 mm. embryo. X 46. 

Section of retinal region of 60 mm. embryo. xX 230. 

Transverse section of 25.5 mm. embryo through the 

midbrain and pineal vesicle showing distal end of 

pinealis to the right of the axis of the brain. X 15. 

Transverse section of 25 mm. embryo through the fore- 

brain and midbrain passing through the base of the 

pinealis. xX 15; 

Transverse section of 53 mm. embryo through forebrain 

and midbrain, passing through the superior commissure 

and basal region. X 15. 

Sagittal section of base of pinealis showing nerve 

connections with superior and posterior commissures. 

x. 13. 
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Plate II. 

Transverse section through vesicle of pinealis in 

situ. X 23. 

Same transverse section as figure 15. X 75. 

Sagittal section through pineal vesicle through a 

longitudinal ridge - "pup". xX 73. 

Sagittal section through pineal vesicle through a 

longitudinal groove - "pup". xX 73. 

Sagittal sections through pineal vesicle showing 

lenticular and retinal areas - "pup". xX 155. 

Sagittal section through the pineal vesicle showing 

relation to cranial elements - "pup". xX 73. 

Sagittal section of portion of pineal stalk of "pup" 

- L155. 

Not quite sagittal section through pineal vesicle of 

eadult. xX 735. 

Section lateral to section shown in figure 22 of adult 

pineal vesicle. X 73. 

Section lateral to section shown in figure 23 of adult 

pineal vesicle. xX 73. 

Section of pineal stalk. xX 75. 

Plate III. 

Dorsal view of wax reconstruction of proximal portion 

of pineal stalk showing attachment to the right (model 

reversed) of the median line. X46. 

Ventral view of wax reconstruction showing subcom- 

missural fossa. xX 46. 
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Se. 

Figure 28.- Reconstructed drawing from several sections through 

median portion of pineal stalk (pineal vesicle partially 

torn away) showing relation of epiphysial structures in 

Kpup". xX 54. 

Figure 29.- Decussation of pineal nerves. X 2350. 

Figure 30.- Sagittal section to one side of the recessus sub- 

pinealis showing nerve connections of pinealis with 

posterior commissure. 
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