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THE DEVELOPMENT OF THE RETINA IN AMPHIBIA --
AN EMBRYOLOGICAL AWD CYTOLOGICAL STUDY.

! I. Introductory.

(1) Literature

The subject of the development of the vertebrate retiné

has recelved attention from many workers at Embryology,

?nd an extensgive literature hag veen the result.
i A large amount of research on this structure has '

been carried out by Kolliker (1 & 2), working chiefly
with embryos of the ratbit and also with human embryos.

His main conclusions are, that the internal molecular

and the ganglionic layers first appear; while the outer

éand inner nuclear layers are differentiated much later
%y the interposition of the external molecular layer. i
ﬁe and Babuchin (3) were the first to point out that E
Ehe rods and cones develop as prolongations from the
;cells of the external nuclear layer --- & better ex-
Elanation of the origin of these structures than that
adopted by Max Schultze (4) and W. Miller (5), who de- |

scribed them as cuticularisafiicns of the same cells.

His also has made several important communications on

the development of the retina in the human embryo; but;

his observations are chiefly confined to the mode of |

i
formaticon of the optic veslele, optic cup and ehornidai
fissure. He (6 & 7) and Kolliker (1 & 2) were among

the flirst to show that the optic nerve fibres develop
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as axis cylinder processes of the refinal ganglion
éells. This has now been accepted as their correct
mode of origin, although for a long time it was disputeh
py many competent authorities, who still clung to the
Erroneous idea that they were developed from the cells!
of the optic stalk. Muller (5) has contributed to the|
iiterature of the subject an interesting account of the
aevelopnent of the retina in Ammocoetes. Researches |

on the rabbit embryo were conducted by Léwe (8), but hTs

Fonclusions differed in some degree from those of

kﬁlliker (above). He described three stages in the

ﬁifferentiation of the retinal layers, and considered |
the outer limbs of the rods and cones to be derived

%rom metamorphcsed cells. This, however, is now knowﬁ
to be a wrong interpretation of the origin of these !
structures. Regarding the development of the msmbrané
limitans interna there was for some time much doubt.
Arnold (9), Lowe (8) and Lieberkuhn (10 & 11) consider4
ed it to be formed from the gesoblast; but Kolliker ‘
(1) eventually proved,that it was developed from the

optic cup. The pigment layer was found by Gunn (12),

;
'in the course of a research on the Teleostean retina, |
to develop from cells which grew in from the deep laye%
of the cuticular epiblast, and which were distinct fro@
the cells of the optiec cup. A general discussion on i
‘the developmeggd$g:tebrate retina is given by Cajal i

(13) at the close of his researches on that structure
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in the adult, and he makes & number of references to

the work of earlier observers (Kolliker, His &c.).
fhe mode of formation of the optic nerve fibres and ‘
choroidal fissure in Amphibia was traced by Assheton

:14) ¥ho eliawed that 4 A arirﬁeveloped as axis cylinde}
processes from the retinal ganglion cells. |
| An interesting paper has been recently published by

¢irincione (15), de&ling with the embryoclogy of the

retina in Reptilda, in which the author treats chiefly

of the mode of development of the optic vesicle and cupl
' |
in this class of Vertebrates. |

o=

In 1900, Levi (16) published & paper on the develop
ment of the rods and coneg in the.ygrodela; bdbut, un-
?ortunately, I have been unable to consult this memoir.
| ~The latest published account of the embryology of
ihe retina is one by Kerr (17), who gives a brief des-

éription of its development in Lepidosiren Paradoxa.

Bernard has made an extensive series of communicat-
ions (in fiwe parts) on the retina, chiefly of Amphib-
iens (both tadpoles and adult forms); but also of other
Vertebrate types. These have all been published gur-
ing the progress of my research. I propose in this
paper to record my own independent observations, and
do not intend it to be devoted to a criticism of that

observer's work. Still, it is necessary for me to

Fefer to his main conclusions. These are as follows:- |
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|
(1) The retina consists of a syncytium or cytoplasmic |
retlculum in which nuclel are suspended. These nucleﬁ
gre not stationary,but are capable of migrating out- ;
%&rds, ultimately to become rod-nuclei (18).

(2) The rods are prolongations of the cytoplasm of the
}etinal syncytium; but a great part, if not all, of
?he fluid, which is firgt protruded to form the rods,

homes from the associated nuclei (19). He also shows

%hat absorption of pigment by the rods occurs during
the tadpole stage (20).

(3) The cones in Amphibis are the early stages in the |
formation of new rods (21).

F4) The fibres of Muller are streams of absorbed pig-
hentary matter finding its way through the retina.
&hese appear only after the eye has begun to function;
no such preformed structures exist (22).

| On looking through the above literature it is to

be noticed, that most of the descriptions deal chiefly

with the mode of formation of. the vertebrate optic
vegicle and cup, while the study of the development of

the various retinal layers from its walls has received
much less attention. The embryology of the optic or, |
(as I prefer to call it), the retinal cup is thus wellf
known; but the mode in which the layers of the retina!
are formed from its walls is less perfectly underatood{

This fact was admitted by the late Profegsor Milnes !
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Marshall in his ?éﬁt beook of Vertebrate Embryology.
i 2

Professor Schéfer in Quain's Anatomy alsoc states, that

the development of the retina from the inner layer of
%he optic cup has not been fully worked out. An in- i
' |

vestigation into the subject therefore seemed desirable,

and the description contained in this thesis is the

' result of a research begun about three years ago, i

The work has been done,partly in the Anatomy Departmenq
' i
|
!

To both Professor Musgrove and Professor His I wish to |

of the United College, St Andrews University, and,

partly in the Laboratory of Professor His at Leipzig.

express my indebtedness for many kind faclilities which!

have been granted to me during the progress of the re—!

%earch. The work was done as a Resgearch-student and |
;ater, a8 a Research-fellow,of St Andrews University.
#t is necessary to mention, that part of the expenses
;ere paid by the Royal Society through its Government

|

|

Grant Committee. I
(2) special Methods Employed: |
|

{(a) Pixation. 1In conducting a research on the retina,

the greatest difficulty that has to be encountered is

the proper fixing of its elements, more especially the
|

rods and cones. These latter structures are so de-
Licate and fragile, that subsequent manipulations

|
easily injure . or even completely destroy them, if they

%- page 279, 2. VYol. I. pt. T. page 86. ?
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gre imperfectly fixed. After a trial of several agents,
| :

i eventually decided to employ the fixative known by

the name of Bles' fluid. The formula is as follows:- |

| 709 Alcohol 90 parts
| Glacial Acetic Acid 3 parts

Formalin 7 parts.

Ehis has yielded in my hands perfectly satisfactory
results. A week's immersion in this fluid was found |
sufficient to completely fix the tissues.

(b) Dehydration. From this mixture the tissues were

directly transferred to 90% alcohol for 24 hours.
éSubaequently, two baths of absolute alcohol (each of
24 hours' duration) sufficed to complete dehydration.
(e) Clearing. The tissue was then placed in cedar
wood oil, which was kept heated 1niparaffin stove to &i
temperature of 55°C., for 24 hours. In the case of i
very young embryos & shorter time was found sufficienti

(22 hours).

(d) Embedding. From the cedar wood 0il the tissue

was transferred to & first bath of melted paraffin andé
after one hour, to a second. It was found that the |
paraffin into which the tissue was placed directly fro@
the cedar wood oil was apt to 'crystallise' when poured
into the mould. This was obviated by the seeond lot

of paraffin, in which the tissue was kept for 6 hours,g

‘and afterwards used for pouring into the mould,.
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|
Paraffin of a M.P. of 51° ¢. was employed; but in the |
height of summer at Leipzig, a paraffin of 54°C. had !
&o be regorted to.

ke) Section Cutting. The sections of the frog-tadpoleé

were cut with a Minot Microtome and those of the toad-

%tadpoles with a Cambridge Rocking Microtome, each

geetion being of a thickness of 3.3 Microns.

kf) Section Mounting. The sections were fixed on to
}he slide by a method for which I am indebted to Dr

Fraser Harris. The 'ribbons', cut into lengths of sui
able size, were placed on the surface of warm water of
such a temperature that the paraffin flatiened out per'-I
fectly, and were floated from this on to the slide.

;The glides were then placed edgewise in the paraffin
;stove (top shelf) for 12 hours (overnight). It is

;quite unnecessary to previously albuminise the slides
!for not one of the many thousand sections,which I héve;

mounted in this way, has come off during the subseguent

staining processes.

(g) _staining. After experimenting with many staining |

agents, I found that the most satisfactory results weré

]
1

obtained with the Iron-Alum-Haematoxylin stain (Heidenl

hain). By this the rods and cones are especially wel]
|

stained throughout theilr whoie extent, éven to their
tips; but it also brings out in a wonderful way the J
fibres of Miller and the molecular layers (see Fig. lli
‘and slide 32). 1In order that these favourable reault;

t-
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hight be obtained, it was necessary to depart somewhat
from the ordinary method of using the stain --- as de- |
scribed in the "Microtomist's Vade Mecum."
The method which I employ is as follows:-

The slides are first placed in the iron-alum solution |
for ten minutes, rinsed in tap water, and then left in‘
Ehe haematoxylin solution until the sections show a i
%luish black colour, when held between the eye and thei
Ehade such as 1is afforded by the upper margin of a i
;window (if the slide be examined by direct daylight th%
isectiona appear black). This tint is usually pro- i

lduced in about 20 minutes in the case of sections whicn

. |
gare 3.3.microns thick; but for sections 6.6 microns
Ethick only ten minutes are necessary. The slide is
Fhen rinsed in tap water, and again dipped into the
;iron alum solution, when, almost immediately, the |
bluish black colour is brightened, so that the section;,
when held up to the window as before, appear of an !
ultramar ine-blue tint, the black element of the pre- !
viously blue-black colour aaving disappeared. The alidé
is now placed in a fresh quantity of tap water for 15 _
minutes, when the colour will be found to be even richér
in hue. Overstaining in the haematoxylin prevents !
successful differentiation, while understaining leads
to rapid hleaching in the iron-alum solution. In thez
latter case the slides should be rinsed once more in

‘tap water and replaced in the haematoxylin. :
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bld solutions of haematoxylin, even when frequently
iiltered, are apt to deposit small black specks on the:
hection. When this oceurs the solutlon must be renewéd.
&n the "Microtomist's Vade Mecum" it is recommended tol
dissolve Sgrms. of haematoxylin crystals in 100 c.c. of
%distilled water, Only a small quantity of this, how-
iever, goes into solution, the rest becoming disinteg- |
érated to form the depogit mentioned above. Quite as
égood staining results are obtained when only a crystal;
or two are used, while the tendency to the formation

of deposit is considerably lessened. The iron-alum
@olution is rather unstable and must be renewed Whenevér
.! it becomes turbid. |

| By the above method of staining the nuclei show a

‘brilliant ultramarine-blue colour, and under the high

|
power the intranuclear structure is very well demon-

:atrated.

The other stain employed was Mayer's Haem-Alum,
followed hy eosine or by Mann's Methyl-blue-eosine.
With these the various retinai layers are well shown |
(see slige 60); but the rods and cones are only faint;
ly stained. It may be observed that,when Mann's |
solution is used, the eosine stains the outer segments,
waile the methyl-blue stains the inner segments of theg
rods and cones. The staining effect on these struc- |

tures,is, however, very slight compared to that of the

‘iron-alum-haematoxylin.
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The Golgl method was also experimented with, but in my |
hands vielded very unsatisfactory results in the embry-
onie retina.

(n) Dehydration and Clearing of Sections. After two

natns of 904 Alcohol, the sectlons were completely de—:
hydrated by absolute alcohol, and cleared in exotie oiy
of lavend®r, This latter substance,while clearing the
tissue perfectly, does not tend to cause shrinkage. |
!The most convenient way to use it is to immerse the
ialide in the 0il contained in a small glass trough,

ﬁhich can be rocked from side to side and from end to i
:end in order to remove all traces of alcohol. It ia|
advisable to leave the slide in the oil for abhout flve
@1nutes. After draining off the excess 'of o0il, a small
épiece of dried filter paper is laid over the sectioné,
éand the surface of this is gently stroked so as to re-
move the most of the oil. A drop of Canada balsam ia@

:then applied, followed hy the cover glass. i

(3) The procuring of the embryos.

Two frogs, which had already palred, were placed
in a large tank by themselves, and after two days an
abundant deposit of spawn was obtained. This was i
placed in a large dish with water plants, and kept in
the laboratory. Under these conditions the ova and
resulting tadpoles developed very successfully.
Toad-spawn, recognised by the intense black pigment of;
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the ova, was got at the side of a pool in a disused
quarry, and, when found, the ova had practically reach-
pd the same stage of development as the froga ova,

mhen first discovered. The toad-spawn was placed in
another dish and allowed to develop under similar con-;
?itions. From these dishes embryos were removed ever£
5econd day for the purpose of examination. The serieé
bf frog-embryos is falrly complete, leading to the endi
bf the metamorphosis (94 days). Owing to occasional |
@aella of hot weather in Leipzig, the paraffin cut badly,
.and some specimens were consequently lost. The series
ﬁf toad embryos is less complete, the supply of tad-
poles having become exhausted by the 76th day (the

gges of the embryos are calculated from the date of _
ﬁmpregnation of the ova). After the 25th day the tad-
poles were kept in the dark for three hours before klll-
1ng, s0 as to ensure full retraction of the pigment-
-cell processes, which were found to become active under
the influence of light about that date. i

|
IT. Results of the Research. |

As already stated, the mode of development of the optic
vesicle and cup has been previously very fully describ;
ed by numerous observers. This reaearcﬁ, therefore,
deals with the mode of origin of the various refinal
layers from the walls of that cup. It is convenient tk

consider first the inner wall, and note its condition
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in the youngest embryo shown (Fig. 29). (It is in-
teresting to observe, that the inner and thicker wall |

Iof the optic cup is continuous with the basal portion é
‘or floor, while the outer cup-wall is continuous with T
;the lateral wall}of the thalamencephalon. At the samé
;time it may be noticed, that the lens is developed from
the deeper layer of the epiblast, and is at first soliq,
the cavity appearing somewhat later (Figs. 2 & 312). j
The deseription which most observers furnish with re- |
:gard to the structure of the inner retinal wall is, :
;that it is quite uniform --- that is to say --- com-
posed entirely of the same kind of cells. Thus, it
|iB stated in Quain's Anatomy}with reference fo this
|inner wall, that®in its earlier stages it closely re-
iaembles in structure the wall of the cerebral vesicles,
iconaisting of elongated epithelium =1iike gells, ap-
:parently arranged in several interlocking layers."
Somewhat similar statements are made in Balfour's COmri
parative Embryology, Foster and Balfour's Embryology |
and Marshall's Vertebrate Enméyology. If this wall |
be minutely examined, however, it will be found to con-
tain all the structures which His (6) has described as|
being present in the spinal cord of the human embryo,%
and I propose, that the corresponding structures in
the retina receive names in acecordance with this view.

E-Wei. T, Pt . . 86
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There are firstly cells (SPONGIOBLASTSj{ whose proces- |
Ees unite with those of neighbouring spongioblasts to
form a network (MYELOSPONGIUM). The outer and inner

e e

mxtramitlas of this my&lospongium-network of the retin
form the external end internal limiting membranes re-
spectively. (It may be noted, however, that the ex-
Rernal limiting membrane of the retina is next to the |
?original cavity of the optic vesicle, and corresponds,
therefore, to the internal limiting membrane of the
embryonic spinal cord). In the meshwork of the myelo-
spongium are found two kinds of cells -- (1) GERMINAL |
,LS,)whieh are always situated immediately underneath
!the external limiting membrane, and (2) NEURORLASTS, ;
iwhich are Tormed by division of the germinal cells. i
The importance of recognising the presence of these
four structures in the inner retinal wall ean hardly
he overestimated, since the subsequent development of
the various layers is much influenced by them, and,
undoubtedly, a large amount of the difficulty in the
interpretation of the mode ofddevelopment of the retingl
layers has been due to the fact, that the presence of |

the ebove structures during the earlier stages has not;

been fully recognised. Professor His kindly permit- |

(1) certain cells in the inner nuclear layer of the
adult retina have bden wrongly termed spongio-
blasts, for they are derived from the neuroblasts
of the embryonie retina.

(2) This term will require slight modification, as
- will ve shown later (p.18)
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-%ed me to examine some of his sections of the embryonic
human retina, and in these, as well as in some of my
own preparations (human), I have been able to demon-
strate the presence of the same four structures. I
have also studied the retinae of fish-embryos and of
éthe chick, with exaectly similar results.

i The layer of germinal cells is never a complete %
Eone (Figs. 2,3,4,ete.), and, indeed, no karyockinetic |
|figurea may be seen at all in some of the sections
KFig. 1). It is interesting to note that the plane of
idiviaion of the germinal cells is always in one dxrec-g
Ttion namely -- at right angles to the external limit- |
‘ing membrane, so that the two daughter-cells lie at
éfirst side by side, and, later, one of them is moved
towards the deeper layers of the retina. The first
‘formed neuroblasts are therefore to be found in the |
?site of the future ganglioniec layer, while those of a ;
;more recent generation are situvated at varying dist- i
ances from the external limiting membrane aceording toi
thelr age -~ the newly formed ones bheing of course |
placed nearest to the layer of germinal cells. It
will belat once understood from this, that those neuro%
blasts, which become the retinal ganglion-cells, are
‘the first to be formed by the division of the germina.li
cells, and they are on the whole rather larger than thé
younger neuroblasts. The germinal cells in the middlé

of the convexity of the retinal cup cease to divide at|
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é very early stage of development,and become directly
transformed into rod - and eone=cells, and from them |
ﬁhe rods and cones develop as processes. They con-
%titute the youngest generation of retinal cells, and no
%aryokinetic division can be seen to occur in this re—I
éion after the rods and cones begin to make their ap-
?earance (Figs.3 & 4). The germinal cells still per-

?ist under the external limiting membrane nearer to the

Largin of the retinai‘eup, and by their division the
growth of the retina results. The rods and cones
%hus appear first over the middle of the convexity of
the cup, and from this point the development of these
Ftructures extends in all directions towards the cup-

Fmargin, and they gradually encroach upon the germinal

kell-area as development proceeds. The writer has all
80 observed this fact in the retina of Teleostean em-
5ryos and of the chick, and Bernard refers to the same
point in his paper. |
A most striking characteristic which is displayed
by the retinal neuroblasts is,.that thelr nuclei all
show & progressive diminution in size as development |
Proceeds, and this is well seen on comparing figures oé
the early with those of the late stages (Compare Figs. |
1,2,3&4 with Figs.26,27 & 28, which have all been drawn
of exactly the same degree of magnification). Bernar&%)
in his paper states, that he has observed certain of tﬁe
|
(1) Quar. Jour. Micr. Sec. Vol.43, p.43. ;
5(2) Quar. Jour. Micr. Se. Vol.44, p.453. ;
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%one—nuclei in a collapsed condition as if their con-
tents had been forced into the bases of the cones,and

h have also certainly noted this phenomenon; but, a-
Eart from that, there is aﬁézzggzi?ziginution in the
%ize of the nuclei in all the layers,which is so grad,-i
hal as only to be noticed by comparing figures of early
!and late stages (in some cases the nuclel are reduced .
me less than one-fourth of the size which they posaess.
Jn the early stages). I am forced to abandon the i
Ferms "germinal cells"™ and "neurohblasts", as I have
been unable to demonstrate the existence of protoplasm
laround these structures by the use of cytoplasmic
stains. (Tissues fixed in Bles' fluid often do not
dtain with aniline cytoplasmic stains, such as eosine,;
80 well as tissues which have bheen fixed in corrossive;
but, even after corrossive-fixation, this protoplasmic
investment cannot be demonstrated). Other observers
state that protoplasm is present, but very scanty in
amount, and what there is of it is prolonged into the
processes of the neuroblast. IAfter studying these
neuroblasts (in the wall of the cerebral vesicles and i
spinal cord, as well as in the retina) carefully,I havé
come definitely to the conclusion that this protoplasmic
investment is absent and that these processes cannot |
therefore be derived from it; but,in reality,is?u3

from the substance of the nucleus. His' drawings of

these neuroblasts also certainly suggest this conclus-

|
(1) Pigured in Quain's Anat., Vol.I.,Pt.I.p.58.
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;—ion. The processes of the retinal "ganglion-cells" i

and of the "cells" of the internal nuclear layer first |
'show themselves as protrusions of the nuclear cOntentsl
while the rods and cones are at first also protrusions
from the nuclel of the external nuclear layer. A glear
.unstained veslcle can often be seen at one pole of a
nucleus of the retinal wall (three such nuclei are
'shown in Fig.31l), and appears to consist of the achro-|
metic nuclear matrix, which is about to be protruded.
(I find that this diminution in size of the nuclel is |
‘practically universal throughout all embryonic tissues;
and is especially evident in striped muscle, where the
nuclei, in the earlier stages, are of gigantic size,an@,
Jater, some of them give off their contents so suddenl&,
ithat they appear quite collapsed. I refer to this ;
;fact very brlefly here, because it is to form the sub-é
jeet of a future communication). |
This appears at first to be rather a bold asserticn,
rendering necessary a change in many of the views. which
are at present in vogue regarding the sgtructure of thef

retina; but the evidence in favour of it is so over- @

whelming, that I have no hesitation in believing it to
be a correct one. This view is further supported by |
an examination of the germinal cells. It is stated ip

textbooks, that the nuclei of these cells (in the em- |

(1) The Nomenclature given in Quain's Anatomy, Vol.I.,
Pt.II., p.179., has been adopted.
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gryonic spinal cord) are usually in one or other of th%
stages of karyokinesis, and are surrounded by a zone oﬁ
wclear protoplasm" -- the term 'clear' being no doubt i
Ea,pplied pecause this materizsl stains only very faintly.?
?fter having attempted to demonstrate it by numerous |
%ytoplaemic stains, and having been entirely baffled in
&his attempt, I am forced to the conclusion that this |
clear protoplasm is simply the achromaticlguclaar mat-i
rix, in which the chromatic karyokinetic figures are E
lying. This achromatin has been set free by the dis-%
iappearance of the nuclear membrane -- & phenormenon |
%hich occurs during karyokinesis. These germinal celis,
ﬁhen, and the neuroblasts to which they give rise, are
%imply nucleil. Further, the progressive diminution i%
?the size of the nuclei is due to the extrusion of thisi
éachromatic nuclear matrix in the form of processes. i
Hence the difficulty of demonstrating these latter E
.structufea, which has been experienced by every observer.
The rod- and cone-elements, whgn they first appear, do |
so ag perfectly clear spherical globules (Figs.l,2,3, |
53 & 54)consisting of nothing more than this achromat-;
iec nuclear matrix. This fact will e much more fullyé
alluded to when I come to consider the development of |
these elements. At this early stage of retinal develf
opment the only material present, which can be at all ﬁ

i
(1) It is to be noted, that the term 'achromatic',whicﬁ

is here employed, is not an absolute one, for this

nuclear substance does stain but to a very slight
extent. '
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congidered as representing cytoplasm, is the myelo-
spongium-network. The:germinal nuclei by their diw-
ision give origin to all the nuclel of the inner retin-
al wall, and what appears to happen is, that some of
‘these nuclei become embedded in the'eytoplasm' to form

|
spongloblasts, while others remain free in the meshwork

Ff the 'cytoplésm' as neurohlasts, This observation !
regarding the mode of development of these structures ;
does not support the theory advocated by Gaskell. (23)
namely -- that the inner wall of the vertebrate retinai
is to be considered as consisting of two parts (Mnlleri
ian Fibres and Retinal Ganglion), each with a dlstinct‘
!and separate origin. '
The diminution in the size of the retinal nucleil i$
aufficient to account for the growth of all the procesa-
:ea of the nuclei in the internal nuclear layer, since
these are very short;--but on the other hand, it is inL
sufficient to account for all the contents of the rods‘
and cones, as will be explaine¢ later when I come to d%-
gseribe the mode of origin of these structures. g
The axis-eylinders of the optic nerve arise as pro;
cesses of the nuclel in the ganglionic layer (being co?-
posed for the most part of the achromatic nuclear mat-i
rix, and hence the great difficulty of staining the inL
dividual fibres); and, therefore, the drain on these i

nuclei is greatest. This is well demonstrated by the
|

their
faet that the relative rate of diminution is the most
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}apid; but, as already shown, they are the largest
huclei in the inner retinal wall, and their diminution |
hn the early stages is due to the ingesting of food
bateri&l by them being insufficient to enable them to

retain their previous size, while their contents are |
| |
being extruded in the form of processes. In the adult

ﬁrog's retina these nuclel of the ganglionic layer are
the only ones which become surrounded by & cytoplasmic

ﬁnvestment, and this is undoubtedly exereted from the |

nucleus. I

Miss Huie (25) has shown, that in Drosera the c:y'to--|

plaam of the gland-cells 1s produced by the cell-nuc~- |
ileus absorbing food-material , metabolising it, and tneé
!excreting it into the body of the cell. So also, in !
the case of these retinal ganglionic cells, there is
jample proof that thelr protoplasm is exereted from
;thetr nuclei. The origin of the axis-cylinders from i
these nuclei, before they show any trace of aurroundiné
protoplasm, supports the contention of those who in-
sist on the fact that the axis-cylinder process of a !
nerve-cell can be traced right into the nucleus of thaﬁ
celg%) i
The newly formed optic vesicle and also the walls |
of the cerebral vesicles are loaded with xolk—granulesJ

but these disappear at an early stage (by the 20th dayﬁ,
|

(1) Quain's Anat. Vol.I.Pt.II.p.318,
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and it is quite easy to demonstrate, that they are in- |

|
|
gested by the neuroblast-nuclei as food-material; fori
the nuclei of tne inner retinal wall at this period |
|
|

Phow large irregular masses (which may be termed nuc-
ﬁeoli) of deeply staining material. These obscure the
dntranuclear network, and give to the nuclei a very

icoarse structure; but this tends to disappear later,

.so that the Intranuclear network again hecomes evident|
.(compare Figs.53 & 54 with Fig.56). i
| In the early stages (e.g., 12 days) yolk-granules |
may actually be seen in the substance of some of the
%nuclei -- apparently undergoing the process of digest-
iion (study some of the nuclei in slide 71). This

|action of these nuclei on the yolk-granules affords

lam.ple substantiation of Mann's view (24) that the nuc—|

éleus has the power of absorbing and metabolising food 1

|
ia theory which has been ably supported by Miss Huie's '

researches (25) on the gland-cells of Drosera.

Formatlon of the Molecular Layers.

The myelospongium-network plays a most important
part in the formation of the molecular layers. It ca$
be recognised in the vefy earliest stages and its gan—f
eral arrangement is as follows:- i
(1) The outer ends of the fibres are attached by broaﬁ!l

bases to the external limiting membrane, and between

these the germinal nuclei are found lying (Fig.57).
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kz) Immediately internal to the layer of germinal nucﬁ
ﬂei each basal portion as a general rule divides into i
kwo branches, which unite with their neighbours so as |
to form a sort of 'arcade', within the arches of whichj
hie the germinal nuclei and, later, the nuclel of the i
rods and cones. The site of the future 'sense-epith- |
@1ium'layer is thus mapped off at a very early stage oﬁ
Tdevelopment.

.(3) Between this 'arcade' and the internal limiting
%embrane, the myelospongium is arranged in the form of:
an irregular network (within the meshes of which lie !
ithe neuroblasts), and its inner extremities divide int&

two branches which blend to form the internal limiting |
hembrane. @
i When the internal and external molecular layers de-
velop, then those myelospongium-fibres which run in a ;
!radial direction become thicker and, therefore, better!

marked, snd give rise to the fibres of Miller; while

the other portions of the network do not tend to becom%
thickened, and now appear as lateral offshoots from thé
radially dirscted fibres (these radially direbtadﬁfﬁbwés
of the myelospongium may thus be termed the rudiments
of the fibres of Miller).

Bernard (see reference 22 in the literature) con- |
siders that the fibres of Miller are formed from streaﬁa

of absorbed pigmentary matter finding their way througﬁ

‘the inner retinal wall; and he states that they ap- !
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| [
-@ear only after the retina hecomes functional, as no !

such preformed structures exist,. I am certainly con- |
|

Ivinced that the thickening of the radially directed
Eyelospongium-fibres is due to streams of altered pig- |

ment passing along them, and this is evident in the

! AL i

retinae of adult frogs, for in these the'fibres of Mul-

| .

ler' have usually a characteristic corkscrew-like

i

course through the internal molecular layer:, and this |
|

suggests the passage of the streams of altered pigment?

| pe
‘through that layer. I quite agree with Bernard's con-
fclusiou that such streams of absorbed pigmentary matteq
|

Ipass through tne retina; but I insist on the fact taat
the rudiments of the fibres of Mlller exist before thesa

|stre&ms have made their appearance. !
| {

;Formation of the Internal Molecular Layer.

|
When the internal molecular layer first makes its [

appearance, it is seen to consist of a dense plexus of

myelospongium the meshes of which are so small, that i
cells are unable to remain embedded in it, and are thu%
pushed to either side. At this early stage the fine i
structure of the internal molecular layer can be obsef%

ved to be direc¢tly eontinuous with the myelospongium-

~-fibres -- espeeially in the toad (Fig.32), where thes¢
I
are of a coarser nature than in the case of the frog

(see also Figs.58 & 59). |
|
For an explanation of the mode of origin of the in+
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-%ernal molecular layer it is necessary to study the waﬁl
of the cerebral vesicles (the fact that the retina is
%developed from the wall of the eerebral vesicles must
%never be lost sight of), where a somewhat analogous
Fhange occurs; for, at a very early stage of develop-l

&tnt -- before the appearance of the internal molecular

layer of the retina -~ this becomes marked off into an:

;outer portion which is devold of neurohlasts, and an
inner portion which is crowded with neuroblasts. The;
éouter portion of the wall of the cerebral vesicles is |
gaeen to consist of a dense mass of myelospongium, and i
éto have exactly the same appearance and staining react-
iions as the internal molecular layer (see slide 5).

In the case of the retina, however, the formation of |
!the internal molecular layer marks off a layer of nuc—g
glei(the ganglionic nuclei); bdut no such phenomenon %
occurs in the wall of the cerebral vesicle. This cani
be explained by the fact that these retinal ganglionic
nuclei very early give off their axis-cylinders, which
at once pass over the choroidalﬂfiasure (Fig.1), and i
thus serve to keep the ganglionic nuclei anchored clos%
to the internal limiting membrane, and the dense plexus
of myelospongium is on that account formed to thelr |
outer side.
The internal molecular layer always stains well

i
i
from its very first appearance, and to exactly the same

degree of tint as the myelospongium. This layer has |
!
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éalways peen understood to be composed for the most parﬁ
| |
of the arborising processes from the 'cells' on either

side of it; but, as already shown, these processes are

for the most part achromatic in nature and thus stain |

|
very feebly, and could not give the tint of colour |
|

which the internal molecular layer shows with staining

iagents from the date of its very first appearance.

These processes from the nuclel on either side soo+

‘begin to grow into this layer, and ramify within it, =

| i
'so that it may be compared to a sort of trellis-work |

on which the growing nuclear processes are trained,
after the fashion of the tendrils of a plant; and this

éwould account for the extreme degree of arborisation

iwhich these processes show in the adult retina (Golgi
' impregnation-method). In the case of the embryonie

'retinahhe chief indication of the giving off of these
| i

‘achromatlc processes is the diminution in the size of
the nuelei, for, as already stated I obtained very un-
satisfactory results with the Golgl method in the emri

bryonic retina.
The internal molecular layer first makes its ap- |

pearance at the centre of the retinal cup, correspond{
ing to the point where the rods and cones first develob,
and from here its growth extends in all directions to-
wards the cup margin. If the growing edge of this i

layer be examined, it is at once observed that it pre-

sents a bevelled surface towards the internal nuclear!
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layer. Thus, it is much thicker in the centre than at

‘the growing margins, and, therefore, presents in sections
' |

&he shape of a very thin crescent (see slide 32). This
gcharacteristic shape suggests to one the hypothesis,
%hat growth must occur on the convex surface of the
crescent, and that very little growth oceurs on the con-
cave surface (next to the ganglionic layer). This is;
confirmed by ecarefully examining those nuclel of the iA-
terﬁal nuclear layer, which lie next to the internal %

molecular layer. Bach lies in a sort of cup as if the

itiasue of the internal molecular layer were attemptingi
!to surround it. i
! Another point to note about these innermost nuclei_
of the internal nuclear layer is, that they are the

.first in that layer to give off intermal processes inte
‘the internal molecular layer, As the latter grows in

thickness these nuclear processes become embedded moreI

‘and more deeply in it; Ddut the processes themselves !

gradually elongate and this prevents the nuclel %hems-%
sei¥eg from becoming enclosed in that layer,

The nuclei of the internal nuclear layer which lie%
further out, give off thelr internal processes sOmewhaf
later, and these do not therefore become so deeply emré
bedded in the internal molecular layer. This explainé
the appearance presented by the internal molecular '
layer in Golgi preparations of the adult retina, which?

show, that the internal processes from the nuclel of
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~ |this layer.

i
|
|
|
the internal nuclear layer reach to varying depths in i
|
|
|

Tormation of the External Molecular Layer.
. |
i The site of tne future external molecular layer is‘

early denoted by the 'arcaded! arrangement of the myelé-
spongium-fibres towards their outer ends, which has been

|
lalready referred to. In these early stages the centr#s

of the 'arches' are rather pointed, owing to the fact

‘that these fibres join one another to form an acute angle

Iangle (rig.57). Somewhat later in development the !

‘pointed character of the'arch' tends to disappear, and
:it becomes more and more flattened. The outline of the
iexternal molecular layer 1s therefore at first somewhat
sinuous (Fig.58), and when the 'arch' becomes guite |

flat, then the external molecular layer comes to pos~ |
iaess a straight outline (Figs.34 & 59). This rear- |
‘rangement causes the radial fibres of the myelospongiu¢
(Pigs.34 & 59) to have a slight lateral bend at the exr
ternal molecular layer, so that at this stage they do i
not run an exactly straight course between the externai
and internal limiting membranes. Somewhat later, howf

ever, when the altered pigment already referred to,begﬁns

to pass along these fibres and thus thicken them, they|

possess a straighter course between the limiting mem-
branes. !

It will be understood from this description, that
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tne myelospongium forms the first ground-work of the

external molscular layerg just as it forms that of the;
gnternal molecular layer. The rod and cone fibres and
%he external processes of the nuclel in the internal |
nuclear layer grow into and arborise within the exter-

nal molecular layer, ;

! This layer does not tend to increase very much in

| |
thigkness as development proceeds, so that in the adulﬁ

frog it still forms quite a thin stratum in the inner
retinal wall. A slight degree of growth occurs on ité
outer surface in the form of small projectilons arouﬁd
‘the rod- and cone-nuclei, so that the latter structures
irest in 1ittle cup-like depressions.

The free margin of the external molecular layer ex%
;tends forwards into the undifferentiated region of the
Sinner retinal wall; %but it is a short distance behindi
‘the growing margin of the internal molecular layer
i(slide 32).

Formation of the Gangllonic Layer

The layer of ganglioenic nuclei is mapped out very

early in development by the internal molecular layers

and, as already siated, the neuroblasts which constitu?e
it are those which are first formed by division of the}
germinal nuclei. It may be again noted that the nuc—g
lei of these neuroblasts are on the whole larger than ;
the nuclei of those which lie nearer to the external

Elimiting membrane., |
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| The ganglionic nuclel are at first arranged quite
Prregularly, usually in two layers (Fig.ﬁ), and their

axis-cylinders, which become the fibres of the optic

nerve, are found to develop very early (Fig.l), and |
are the first processes to he given off by them. In !
|

the eentral point of the retinal cup the nuclei of thisg
llayer become more regularly arranged s8o as to'fonm a |
single layer in this region, by a migration towards thé
margin of the cup, where the irregular arrangement stiﬁl

|
holds good. Whenever the ganglionic nuclel become thQs

arranged in their permanent positions, they give off !

Z |
their external processes, which enter and aborise withT

|
in the internal molecular layer. These external pro- |
| |

cesses of the ganglionic nuclei anchor them in position,

‘and it is therefore obvious, that their rearrangement

80 as to form a single layer can only occur previous

to the growth of their external processes.

Formation of the Internal Nueclear Layer.

This layer, when first mapped‘out, consists usually
of from three to four layers of closgly arranged nuclei.
Those which lie next to the internal molecular layer |
tend to be larger, as a rule, than those lying more ex%
ternally, and are probably homol@gous with the amacriné
nuclei of the chick's retina. They are the first of ;
the nuelei in this layer to give off processes which i
;enter the internal molecular layer (Fig.4) and arboris;
ithere; and their processes usually extend somewhat |
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more deeply into this layer than those of the more ex- |
ternally placed nuclei. The general rule appears to |
;e, that the further a nucleus of this layer is placed!
from the internal molecular layer, the later does its i

process into that layer develop. A large number,

however, of the nuclei lying in the outer part of the E

ﬁnternal nuclear.iayer appear to remain for a long time
huite free without possessing by means of processes any
attachment to the external or internal molecular layer,
On account of this fact, one is often disappointed to |
find in sections, & separation of the internal nuclear |

.1ayer into an inner portion consgisting of nuclei which'

|
|
|
ilayer, and an outer portion consisting of these loose1¥
|
arranged nuclei -~ and that, even after great care hasl

;are anchored by processes to the internal molecular

ébeen exercised in the preparation of the sections.

! Another point to be observed with regard to these |
fexternally placed nuclei is, that many are found in !
various stages of migration through the external mole-—i
cular layer; these are migrating towards the externali
nuclear layer . Bernar&_(see reference 18) has also
drawn attention to this phenomenon, and he considers
that they ultimately become rod nuclei -- an observation
whnich I can with certainty confirm. |

(1) |
Bernard also draws attention to a migration of nuc%

(1) qQ.7.m.8. Vo1.46,Pt.I.,p.39.
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gei in the internal nuclear layer from the undifferen- |
hiated retinal rim towards the more central parts of |
‘the cup -- noticeable in the early stages of retinal
idevelopment. According to him, these nuclei have at-
hached to them 'eytoplasmic trailings', which constit-
ute their processes, and successive layers of these
%ecome deposited to form the internal and external

molecular layers as the nuclel migrate towards the cen-

itre of the retinal cup. He considers, then, that the|

iprocessea of these nuclei are cytoplasmic in nature,
and this differs from my view that they emerge from the
|

nuclel themselves. This migration of these nuclei ‘

would imply a steady progressive increase in the thick-

ness of the internal nuclear layer as development pro-

ceeds. [

! s
| My observations on this point go to showy that -- |

iboth in the frog and toad -- from the 25 day to the be|

Eginning of the metamorphosis (Fig.6 to Fig.20) there is
ia slight diminution in the thickness of the inner nucléar
layer; and this is certainly not due to an extensive %

nigration of these nuclei into the external nuélear |

layer, for the number of rod- and cone-nuclel remains

'practically the same throughout the tadpole stage (Com:

ipare Pigs. 6 & 20). There is therefore a slight ten-|

dency in the early stages to a migration of the outer

nuclei of the internal nuclear layer towards the un- L
ay

!ﬁifferenti&ted margin of the cup just as has been a.lre|
| -

| |
| |
|
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shown in the case of the ganglionic nuclei (page 29)

on comparing the figure:2l with figures 26,27 & 28
ﬁt ig at once evident, that, during the metamorphosis |
?nd especially in its later stages there is an enormous

ﬁncrease in the number of nuclei of &ll the layers; but

&his inerease is most marked in the case of the intern%l
fnuclear layer. In addition to this, there is a mariced
knlargemant of the surface area of the retina, so that%
%he diameter of the eye 1is much greater than during
&he tadpole-stage (slide 66). This is difficult to
explain as being entirely due to a migratiocn of nucleii
from the marginal portion of the cup, for it would imply
ia previous accumulation of nuclel on a vast scale in
'that region. The marginal portion of the refinal wal%
'is certainly somewhat thicker than the more central
'portion; but this is obviously insufficient to accoun%
for the enormous increase both in the surface area and
Ithickness of the retinal wall, which ocecurs within quite
?a short period (note the great increase in thickness
of the inner retinal wall in Figs.25,26 & 27 - 79th to
88th day).

I was, however, much interested at having observedi

nueclei, especially in the internal nuclear layer, pos-

sessing a constriction in the middle so as to appear

‘dumbkell~-shaped. These nuclel are well seen by meansf
(of an immersion-lens (one-twelfth), and figure 56 shows

'such a nucleus with a nucleolus in each segment, and i
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| |
the whole appearance suggests a process of direct div- |
|

hsion of these nuclei. The three nuclel represented !
in figure 56 are taken from the same microscopic field |

| |
(56th day toad), and they are represented in their re- |

ﬁative positions to one another,. The one to the rith
hoes not possess nueleoli, but it shows a completion of
&he process of direct division. The one to the left :
%hOWS a constriction at one margin, and this,no doubt,i
igs the beginning of the process. I have also noticedi
puclei in the ganglionic layer and also those nuclei E
%f the external nuclear layer nearest to the external 2
#olecular layer, which showed this appearance -- &an ob%
%ervation which proves the fact, that direet division |
bccurs in the case of the nuclel of these layers as
%ell. I have, however, been unable to deteet it in
%he rod- and cone-nucleil of the external nuclear layer.
Horeover, these evidences of amitotie division have bee
kbaerved only at the end of the tadpole-stage and throu
?ut the metamorphosis -- the periods during which the
great inerease in the number of thelnuclei of these

layers ocecurs.

This observation is strengthened by noting the siz%
of the nuclei of these layers throughout the whole |
reriod of development. Two distinet phases in the i
Process of diminution ean be seen to occur. Firstly,f
. Fn the tadpole-condition there is a rapid rate of dim-

inution in the size of the nuclei during the early

n

gh-
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stages (Figs. 1 to 10), and a much slower rate of dim-
ﬁnution in the later stages (Figs.l0 to 21). The
éecond phase takes place during the stage of metamor-
bhosis; tﬁis is especially evident in the internal ‘
puclear layer, and it is here that this process of !
amitotic division is most active (compare Fig.21 with |
Fig.28). The first phase in the diminution of the
Euclei is entirely due to the giving off of processes,j
%hein nunber remaining unaltered; while the second |
%haae is due in great measure to amitotic division,
%heir number being therefore increased.

Bernarglgtatea, that he has observed evidences of
i'fragmentation' of these nuclei, and he also refers to |
figures in a paper by Borysiekiewitz (26) in which that
observer represents 'twin-ganglion cells'. I regret,
!however, that I have been unable to consult this memoir.
| This observation regarding direct division appears
;to me to have a two-fold interest. In the first placé,

it controverts the opinion which is generally held,that

mitotiec or karyokinetie division is almost universal - |
o
“

throughout the animal kingdom. It is, in the second 5
place, important to note that in the early stages of i
retinal development all the nuclei are formed by karyo%

kinetic division of the germinal nuclei. During the |

tadpole-stage karyokinetie division ceases to occur ini

(1) Q.7.M.8. Vol.46,Pt.I.p.30. |

(2) Quain's Anat. Vol.I.Pt.II.p.183.
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%hose portions of the retina which become actively func-
&ioning. It is necessary, however, for the tadpole |
to pass through all those critical changes vhich con- i
%titute the stage of metamorphosis, in order that it

|
mav pe raised from its lowly gill-breathing condition

ﬁo the fully developed lung-breathing Amphibian. In
&hia stage during which important morphological changes
take place in many of the organs of the animel -- none
are more striking than those which ocecur - in the re-
tina, in order that it may hecome the well developed

structure which exists in the adult. During the tad-

pole-stage, however, the nuclel of the retinal layers

i :
have been in an actively fﬁ;tional conditiony and it

lappears as if it were impossible for such nuclei to
Eagain undergo karyokinetiec division, and hence they mu%-
tiply in number by direct division. i
| In the latter part of the tadpole-condition three |
:varieties of nuclei may bhe recognised in the internal ‘
muclear layer:= . !
(1) The largest nuclei are found direetly in contact i
with the inner molecular layer and, as already stated ;
(page 29), are probably haomologous with the amacrine
fnuclei of the chick's retina. i
;(2) Next to the external molecular layer may be seen ?
here and there nuclel having a flattened appearance i

e
!(Flg.lﬁ) with their long axes parallel to the limiting‘
membranes, These are probably homologous with the |
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horizontal nuclei of the chick's retina, for they are
closely attached to the external molecular layer.

(3) Between these nuclei, the rest of the layer is
£illed up with the bipolar nuclei, which give off ex-

ternal processes into the external molecular layer and

internal processes into the internal molecular layer.

The External Nuclear Layer.

I The nuclel of the external nuclear layer are those

which are last formed by the division of the germinal

muelei, and are, on this account, to be looked upon as
;the youngest in the retina, just as the ganglionic nuc
flei are the oldest.

. When this layer becomes marked off by the external
|

molecular layer, it consists of two rows of nucleil; but

by far the largest number of these are to be found next

jto the external limiting membrane, and, as the rod- an
;cone-nuclei have cormmenced to develop hefore this peri
E(Figs.ﬁ,é & 34), the rod-nuclei are seen to be pro-
truded to varying extents beyond the external limiting
membrane into the bases of the rods. JFhe rod-nuclei
therefore lie further out than the cone-nuclel as a
rule, and Bernarglgn his paper points out this fact.

During the metamorphosis (Fig.23) the nuclel of th

layer become more numerous, and this is due, partly to

:

a
|
od

is

|

migration of nuclei from the internal into the extarna}

|
|
(1) Q.7.M.8. Vol.46, Pt.I.p.38.
i

]
1
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nuclear layer, and partly to direct division of those

{+ RS S T

nuclei next to the external molecular layer (both thes

facts nave been already referred to).

{ Those portions of the retina which lie towards thei
hargin of the cup do not at first become differentiate#
ﬁnto molecular and nuclear layers; but retain the |
tprimitive' condition, and therefore show the myelo- j

|

| |
spongium with spongiloblasts, and germinal nuclei lying

inderneath the external limiting membrane. Growth of
éthe retina thus occurs in this position even after the
rods and cones are well advanced in development. The
@argins of the two molecular layers project into this
;as yet undifferentiated portion of the retina, and, as
iits growth advances, their free.margins also progress

|
iin development and are always encroaching more and more

upon it.

@pvelopment of the Rods and Cones.

The first evidences of the deve}opment of the rods
and cones are in the form of minute rounded vesicles |
consisting of a clear transparent non-ataining sub-
stance (Pigs.1,2,53). These appear immediately under-

neath the external limiting membrane in the central

part of the convexity of the retinal cup. Each vesic}e

will be observed to be interposed between a nucleus of

| |
membrane; but they soon become protruded so as to fonT

the external nuclear layer and the external limiting

- |
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braminent projections beyond the latter structure.

These vesicles are directly attached to the nucleil of
tae external nuclear layer,and between the two atructures
g small amount of staining substance may usually be

seen. They emerge, therefore, from these nuclei:(Ber:
nard (see reference 19) is also of the same opinion),
and I have no hesitation in saying that they consist of
hnhromatic nuclear matrix -- as already stated in an '
earlier part of this thesis (page 17).

Whenever they are protruded beyond the external
1limiting membrane, they grow with such rapidity, that ﬂn
about four days (Fig.5) the volume of their contents
is about the same as or even greater than the volume of
the nuclei from which they arise. The corresponding :
nucleus has also been diminishing in volume during theé
same period.(compare Figs.l & 5); but this is not sufé
ficient to account for the great increase in the size |
@f the visual elements, They now also begin to stain
very deeply with iron—aIUﬁbhaemat?xylin, and this is
in strong contrast to their previéus achromatic nature.
The achromatic material can, however, still be seen in,
the form of a clear globule, embedded in the midst of |
the deeply stained substance (Fig.5). The vesicle has,
moreover, much diminished in size -- obviously because
part of it has blended with the staining material (Fiz.
54 - A). This new staining reaction obviously indic- |

'ates s great change in the nature of the contents of
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%ha visual elements. Its explanation is found when wé
anmine the pigment cells, for it will be noticed that
tneir processes develop simultanecusly with the rod- i
and cone-elements; and there must therefore be a aort!
Iof attraction (or POSITIVE CHEMIOTAXIS, as I would term
'i+) between the two sets of structures (compare Figs.

'53 & 54). What occurs is, that the vesicles; after
ltheir protrusion beyond the external limiting membrane;
become embedded in the developing processes of the retine
-al pigment-cells, and 1ngest the pigment, and tranaform
iit inte the above-mentioned deeply stained material.
;Thi is supported by the fact that pigment-granules
5may be seen adhering to the developing rod- and cone-

|
~elements, while particles of chromatic material are

?also seen suspended in the midst of many of the clear
?globulea ( examine some of the globules in slide 16 witﬁ
‘the high power). The deeply staining material of the
fnewly formed visual elements forms first on the outer

aspect of the vesicle -- that is to say -- next to the|

-

pigment-processes (Fig.54 -B); later on, the st&iningi

matter tends to surround the vesicle (Fig.54 -C), and,|

gtill later, part of the vesicle blends with the stainr

ing material, leaving only the small globule : (Pig.54 =

A). Probably the digesting porticn of the vesicle E
|
blends with the visual element,while the non-digesting

 portion remains to form the globule. It is possible,i

éthat some of the nuclear chromatin as well may be ex- |
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=truded into the visual element; %but this is obviouslﬁ

difficult to demonstrate.
| |
| This phenomenon illustrates a very interesting p01nt

|for it shows that the achromatic nuclear matrix of the
|

Wesicles contains a substance, which has the power of
jabsorbing end digesting the pigment; and this effect
i 3

throwsg further light upon the functions of the nucleus.
|

iIt was pointed out in a previous part of this thesis,

ithat the retinal nuclei ingested the yolk-granules,and

ithis was shown by an increase in the amount of the nuc-

1
;1ear chromatic substance. To this may now be added ;
the fact, that it is the achromatic nuclear matrix which
has the power of digesting the absorbed food material,

iwhich is then stored up as chromatic substance. The

nuclear chromatin is, however, apparently capable of
being convefted into achromatin, and given off from
_the nucleus as processes; for it was also shown (pager
21), that in addition to the diminution in the size of
the retinal nuclei there was also a diminution in the
amount of their chromatin. Miss Huie at the close of |

her paper (25) expresses doubt as to which of the nue- |

lear contents has the digestive action, and the ahove
observation aphears to furnish an answer. Moreover,
this digestive action must be of a peculiarly selectivé
character, for the pigment which is acted upon, is i
known to resist the influence of ordinary digestive |

ferments.
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|
|
|
| About the 23rd or 24th day (Figs.5 & 34) two kinds
}of elements become differentiated:- g
kl) The first consistsof markedly cone-shaped struc- |
&ures, their basal part being attached to the nucleus,i
%hile their apical portion tapers off to a very fine i
%oint (Fig.6), Strangely enough, these are the rudi—!
%enta of the rods, and in their basal portion the firs#
?rotruded vesicle still persists as a clear spherical i
Eglobule, which stands out in marked contrast to the |
éaurrounding deeply stained material. i
At this stage of development there also appears in;
%these rod-rudiments another structure of the shape of
Za biconvex lens, which develops on the distal side of
éthe globule, and contains an achromatic substance; it
iis on that account sharply marked off from the neigh-
bouring chromatic material. This secofd structure |
becomes a very striking object in rods which have beené
stained with iron-alum-haematoxylin, for it is not in |
the least affected by this stain; while the segments i
of the rods on its outer and 1;ner aspects stain very |
deeply, and thus bring it into prominence. Its natur%
would seem to be the same as that of the spherical bod&,
from which it is at least partly derived, for it ap- ‘

pears when the globular hody is beginning to disappear,
|

As already stated, it is usually shaped like a section|

of a biconvex lens; but its ocuter margin may be plane

instead of convex. A day or two later a very deeply
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stained body appears by its side, and abuts against it&

|
inner surface (Figs.9 & 37). This new body is concavo-

Eonvex -- the concave surface being in contact with th

IMTIESRPO- - S0l

inner convex surface of the earlier structure. These

two objects together constitute the rod—el%i soid, and!
é 1 '
;hey resemble the structures which Schultze has des-

| |
cribed in the rods of the newt. The iron-alum-haemato-

kylin staln is to my mind the most perfect for demon-
strating the rod-ellipsoid at this early stage, for by |
;it this is shown to consist of two parts -- & non-stain-
ing outer part and a deeply staining inner part. When%
I first noticed the outer non-staining portion, I i
éthought that it might be due to a plane of cleavage at!
ithat spot, but, on further study, it was found to be !
;so remarkably constant in position and in shape througﬁ-
cut the whole period of development, that its presencei
:Was evidently not due to any mere mechanical effect ofé
cleavage. Planes of cleavage can be seen in those ;
portions of the rods distal Po the ellipsoid, and thes%
are irregular both in position and shape. Although |
this outer part of the rod-ellipsoid is not due to
mechanical cleavage, still the outer segment is apt to%
separate from the inner segment at this point, which i

therefore denotes a weskness here.

The remains of the first protruded vesicle are to be %

i
(1) See Ref.4 in Lit.,"Arch. flir Micr. Anat"Bd.V. 1869,

|
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seen in the inner segments of the rods until about the

30th day, and instead of being central in position in

that segment are found irregularly placed. The last
|

iremnant is visible in the inner deeply staining portion
|

Pf the rod-ellipsoid, so that it probably terminates |
iits existence by blending with the outer achromatic :
;portion, or it may pass beyond this, and enter the outér
irod-segment. |
j The inner rod-segment at the end of the metamor-
gphosis stains much less deeply, as also does the inner

portion of the ellipsoid (Fig.28). This is easily

iaccounted for by the fact that the rod-nucleus still |
| !
continues extruding some of its achromatic matrix into|

‘the rod; this is especially evident in the toad (note
| . i
four such rods in Fig.39), where this material is in

'the form of globular masses in the inner rod-segment,
gwhich blend later with the material of the rod (the
:diminution of the rod- and cone-nuclei occurs not only
inthe early tadpole stage,ﬁbut during the whole period
of development also; fig.ll illustrates this point
beautifully, for the nuclei in the central part of the
cup are much smaller than those near the cup margin,
which are just beginning to give off processes). Pro-|
‘bably some of this freshly protruded achromatic nuclear
matrix also passes into the outer segment; but it is
fobviously impossible to demonstrate the passage of thig

|
Ithrough the outer non-staining portion of the ellipsoid.
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A proof is, however, furnished by the fact that the
|

volume of the inner segment does not increase, for the

i
distance of the rod-ellipsoid from the external limit-
&ng membrane remains practically the same as it was at

its first appearance, while the thickness of this seg-

ment of the rod tends to diminish somewhat towards the
iend of metamorphosis (Fig.28).

: In the early stages the rod is, as already stated,
idistinctly cone-shaped, but after the development of
the ellipsoid the outer limb increases markedly in
:1ength, while the point becomes very fine (in the case

of the frog), so that the whole element becomes rather

needle-shaped and strikingly elegant in appearance i
(Fig.11 & slide 32). (In the toad-tadpole the rod tends

?to be thicker and with a rather blunted extremity, andi
;altogether looks a much clumsier and coarser structure!
;(Fig.44)) This needle-shaped character persists .
Ithroughout the greater part of the tadpole stage; butg
at the beginning of the metamorphosis the apex hecomesI
more blunt and rounded, agﬁ the margins more or less

parallel to one another. The diameter of the inner

limb next to the nucleus also diminishes, so that its |
margins too become parallel, and the characteristiec
‘rod-shape is produced. The rods have now a striking |

resemblance to an organ-pipe -- the mouth being repre-|

sented by the biconvex clear portion of the ellipsoid

(Fig.27 & slide 66). During the later stages the
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outer segment is, therefore, the only part which shows
an increase in size, and this is due most certainly to
the ingestion of more pigment from the pigment cells,

for 1t stains as intensely as ever with iron-alum-

haematoxylin.

It is interesting to note now, that the ¥hodopsin 4
producing function of the rods, which is so character-z
istic a feature of these elements throughout life, is |
manifested in the earliest stages of their formation,;
:for the substance in the outer segments which stains
80 deeply with iron-alum-haematoxylin is probably
rhodopsin, or a body closely allled to it. Kihne's

:observations (27) on the relation of the pigment to

;the visual purple in the adult frog thus receive con-
firmation at a very early period of development. |
éFﬁrther, the rods owe their increase in growth to the i
iingestion of this pigment -- the nucleus only supply- |
.ing the necessary material by which this process of 1n+
gestion is carried out. This is well demonstrated byi

»

the appearance of the vesicles after they become pro- |
truded beyond the external limiting membrane, for manyi
of them have been shown to contain particles of chro- |
matic materisl in their midst. They may, on the other
hand, stain of a diffuse blue colour; but some of thei
vesicles are perfectly clear and transparent, and thia%

points to the fact that the pigment granules may be

first of all transformed into a colourless achromatic
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substance, and then secondly into the chromatic sub-
stance, In the rhodopsin-producing function of the

fully developed rods an intermediate substance called i
: |
rhodophyllin 1is first of all formed, so that the colour-

hess achromatic substance mentioned in the last sent- |

%nce may represent it. At this point It may be noted,
that stained material appears bhetween the rod- and coné-
~nuclel during the later stages of developrment, and is!
probably the altered pigment matter from the visual %
elements which has been shown to pass inwards along thé
fibres of Muller.

The nuclei of the rods tend to be protruded to vary-
ing degrees beyond the external limiting membrane, andi
this is perhaps explained by the fact that they are |
iccaaionally giving off more and more of their achro- é
iriatic substance into the rods. This close interactior!i
&etween the nucleus and the rod is probably the cause i
bf the nucleus itself being drawn into the basal porti&n
of -the rod. It is difficult to explain this phenomenon
on any other possible gro;nds. ;

(2) The second kind of visual element is characterised

by a gradual narrowing and lengthening of its inner seg-
|

ment, so that the whole structure becomes markedly

spindle~shaped, and is attached to the corresponding
nucleus by the attenuated inner segment, which is very |
varieble in length and forms a sort of connecting stalk.

in the centre of the spindle are the globular remains



|

|

|
( 47 )

of the first protruded vesicle (which forms the rac:-ca.l-—|

1ad 'oil globule! ), while distal to this body there 15;

in most cases & clear achromatic area which, like the i

|
outer part of the rod-ellipsoid, is usually somevwhat

biconvex in shape; and between the two is a portiocon

Which stains usually very deeply with iron-alum-haema-
koxylin, and prohably corresponds to the deeply stain-
ing portion of the rod-ellipsoid (these two structures
khus form the cone—ellipsoid).

(2)
This second type of visual element, which has been

rather infelicitously termed 'cone', does not tend to

increase much in size during the tadpole stage; this

deficiency of growth may be explained by the fact, thaq
50 further supplles o%échramatin substance can be seen‘
to pass along the finely attenuated stalk towards the 1
hody of the cone. The necessary addition of fresh inﬁ
gesting material from the nucleus is thus cut off, andf
éit would therefore appear, that the ingestive power ofé
the first protruded vesicle of achromatic nuclear aub-!
stance must become exhauéied and prevent the occurrenc%
of further growth. In the case of the rods, however,i
the necessary supply of fresh nuclear achromatin is |

kept up and accounts for the progressively rapid growt%

(1) I will show later, that I can find no evidence of f
the 'oily' nature of this globtule. !

(2) I have been unable to discover any trace of the
terminal vesicle which Bernard describes at the tip
of this visual element (Q.J.M.S.,Vo0l.43,p.25.).
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| |
- |
| |
Pf these elements. There is, therefore, not such a i

%lose interaction between the cone-nucleus and the cone,
iaa there is between the rod -nucleus and the rod. The
icona-nuclei thus do not tend to become protruded into .
%he inner segments of the cone; but remain in the ex-
kernal nuclear layer near to the external molecular
layer. In the introduction to this thesis I have re- |
;rerred to the statement of Bernard's (21), that the coﬁes
;of the Amphibia are converted into rods. I have been
éable to trace the mode of formation of Schwalbe's rods |

Kthose with narrow inner segments) from this spindle-

iahaped structure. The transformetion appears to take
éplace during the stage of metamorphosis; and consistsé
in a lengthening of the outer part of the spindle, andi
ga narrowing of the body of the structure (Fig.28), 80 ;
ithat the walls of the outer segment become more or les%
Tparallel to one another. (The 'oil' globule blends with
the biconvex-shaped area on its outer side to form theé
rod-ellipsoid). This outer segment remains attached t0
the cone-nucleus by the ;till narrow stalk of the orig-
inally spindle-shaped structure (Fig.55). The term

'cone' is therefore quite a misnomer in the case of the

Amphivia, as Bernard has already shown; for the de-

veloping Amphibian rod has more the shape of & cone é
than the spindle-shaped structure which receives this
‘title. |

i In the early stages of retinal development these |
|
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are the 6nly two types of visual elements to be found; |
but about the 35th day another type of element suddenl§
makes its appearance. This new structure consists ofl
a basal portion which is distended with achromatic nuc{
lear substance, and & fine pointed extremity. The :
brigin of this element from the 'cone' is quite easy t&
demonstrate, for it is simply produced by the narrow ;
stalk of the 'cone' becoming distended by the sudden |
hiacharge into it of a large amount of nuclear achromaéin.
This great loss of the nuclear contents is usually |
shown by & marked condition of collapse of the correa-:
ponding nucleus d::;::wﬁt on page 16 of this thesis). |
In figure 11 - opposite the letter A  the stalk of a |
;'cone' is shown becoming distended with this nuclear i
achromatin. 5
When two spindle-shaped 'cones' develop side by i
slde,and the stalk of one becomes distended in this waé,
'then the structure known as & double 'cone' is pro- ?
.dﬁced (as has bheen shown by Bernard)(%) This suddenlyi
‘extruded mass of fluid ﬁﬁy blend with the globular re-i
m&ains of the primary vesiele, or the latter may still j
remain distinet and separate. (The facyéhat these twé
hodies are capable of blending readily with one anothe%,
is sufficient to render untenable the idea, that tie i

remmant of the first protruded vesicle in the 'cone!

'is 'oily' in nature). As a result of this fresh suppl#

(1) Q.7.M.8., Vol.43,p.33 |



| (50 )

‘éof nuclear achromatin the second type of 'cone' takes
bn a new phase of growth. The distal limb becomes
ielongated and filled with deeply stained material)just-
%s in the case of the rods; but the achromatic sub-
!stance tends to remain at first in its basal portion,
Iand does not pass into the outer segment until later. i
The basal vesicle which at its first extrusion is quite
clear, shows particles of chromatic substance embedded |
;in it, just as has Tteen already shown in the case of

ithe primary vesicle; and also,no doubt, implies a'procéss
of ingestion of pigment by it.

| | |

| I have been able to trace signs of transformaticn
gof this type of element into rods. During the meta-
morphosis the basal veslcle tends to diminish in size. i
This appears to be due to a gradual passage ot its con-|
;tents into the outer segment, and there they blend with
ithe deeply stained material. The outer segment thus i
increases in size, and the whole structure becomes |
Igradually transformed into a rod -- some of the con-
tents of the basal vesicie persisting as the clear parf
of the ellipsoid. !
It occurred to me to test the appearance of these E
globules of the rods and cones as seen through the %
micro-polariscope (for the loan of which I owe my beat;
thanks to Dr Fraser Harris). These globules were stu?-

jed in this way at all stages of development, and were|

|
| found to be singly refractive, for they appeared dark |
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éin the field of the polarising microscope, when the two
| |
Nicol's prisms were at right angles to one another. |

éIt was, however, thought that the stain might have the
5effect of altering their refractivity; I mounted an |
unstained preparation (slide 126), and examined it as |
before, and found the globules still singly refractive.
(The pigment-granules showed bright in the dark field, |
iand are on this account to be considered as doubly '
Irefra.ctive.) I cannot find any previous allusion to

ithe examination of the refractivity of these globules,

|
|
uand the ahove observations are therefore worthy of being

'recorded
I

| The globule in the'cones' which I have spoken of as

ibeing the remains of the primary vesicle, and which cop-

qsista, therefore, of nuclear achromatin, is described |

|
'in texthooks as the 'refractive o0il globule'; bdbut I

iIczam find no evidence of its 'oily' nature.

| The tadpole-tissuesg from which all the specimens
‘have been obtained, were fixed in Bles' fluid, dehy-
drated in alcohol, and then exposed to heat for some

time in the paraffin-stove. I resolved to test the

refractivity of the fat ghﬂ%ules of milk under similaﬁ
conditions (the fat globules of milk are of about the
same size as these globules of the rods and tcones'). |
The milk was first of all examined under the microL
'polariscope, when its fat-globules were found to be ‘
doubly refractive (it has just been shown that the 'oil'’

|
.\_\‘ﬂ b i

=i lu,w,QG‘*, |
‘9}' 'ﬂ&‘ |



( 52 )

globule of the 'cone' is singly refractive). To an-

other drop of milk a small guantity of Bles' fluid wes |
i

added. On examining this, it was observed that the |

fat-globules had run into clumps; bdbut their power of i

doubly refracting was, if anything, increased under the
|

influence of this fluid.

| Absolute alcohol was added to another drop of milk;
this was similarly examined, and the double-refractiv-
ity was found unaltered.

A small guantity of milk was exposed to a temper-

ature of about 55 ¢ for some time and then examined as

Ebefore; its double refractivity was still found un- i
changed. !
| This series of experiments showed that the variouai
éprocesses, through which the retinal tissues had to i
pass would not tend to alter the doubly refracting |
jpower of these globules. It was found impossible to
jcut sections of the fresh tadpole-retinae for the pur—?
poses of such examination, as the delicate globules

|

were invariably destro§ed by this procedure.

i
Development of the Retinal Pigment-Cells. ;
| The outer wall of the retinal cup becomes pigmente%
very early (almost immediately after its formation),
and this is very evident in the earliest shown figureei
(1 & 29).
The processes of these pigment-cells also develop |
lat a very early stage -- simultaneously with the ap-
ipearance of the rods and 'cones'. The attractive in—i
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fluence (positive chemiotaxiélg which exists between |
these structures, has been already alluded to. Figuré
?11 illustrates thié well, for it shows a egomplete sec- |
[tion of the retina of a 35 day frogrtadpole. The ani%a;,
ifrom which this section was prepared, remained in a

!
totally dark chamber for about three hours before kil-

1ling, so &s to emsure the full retraction of the pig-
ment processes; and thus the influence of light on

these structures was completely eliminated. The rods

}and tcones' in the central portion of the retinal con-
vexity are in the most advanced stage of development,

'as are also the pigment-processes which are situated

ioppoaite them. Towards the margins of the retinal

fcup, however, it will be observed, that the rods and
i"coneﬁ;' and also the pigment-processes are less well
‘developed. atill further forwards, where the visual
;elements are in the primary vesicular stage, the pig-

‘ment-processes are also just beginning to show. Fin-

ally, where the rod-and-conet-layer ceases, there.r- |
also, the pigment-layer becomes deveid of processes.
About the 23rd day the pigment-cell processes be-
gin to be influenced by light, for after that date it !
was found necessary to keep the tadpoles in the dark !
for three hours before killing them, so as to ensure
icomplete retraction of the former. !
i The writer (28) has shown that the rate of their
Eprotrusion under the influence of light is about the

I

(1) The accumulation of the pigment along the free

' marging of the retinal pigment-cells is also,no
doubt, due to this positive chenicotaxis.
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?wme as that of the pseudopodia of white blood cor-
puséles; and that their movements are to be looked
upon as being amoéboid in character. In the same
@aper it is also pointed out, that the pigment-granules
ﬁo not move backwards and forwards within the proces-

ses; but are borne along with the movements of the

sk ne TITTER ww ARg =T

protoplasm in which they lie.
The pigment-cell processes may he observed to be I

arranged in groups corresponding to the individual pig-

ment-cells; but this is not always evident.

|
|
| |
gummary and Concluding Remarks. !
|
| Many of the statements contained in this thesis

'with regard to the mode of development and the struct- I
ure of the Amphibian retina are of a somewhat revolution-

;ary nature; but the evidence in support of them is of
| |
'a convincing character. Their acceptance necessit-
‘ates a complete change in many of the current beliefs

i |

and opinions which are in vogue concerning the onto-
|geny of the retina.

(1) It is first of all necessary to mention, that the
value of Bles' fluid as a fixative for the retina can-

not be too higly praised; while the use of the iron—i

;—alum-haamatoxylin (Heidenhain) stain for the retina,

| as applied by the method which is described in the in{

troduction to this thesis, has given most excellent rﬁ

sults (Page b et seq.). |
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(2) It is important to again emphasise the great value |
iof recognlzing in the inner wall of the retinal cup

Four groups of structures namely:-- GERMINAL NUCLEI,

NEUROBLASTS, MYELOSPONGIUM and SPONGIOBLASTS; for thEﬁe
!all play a mogt significant part in the development of‘
&he various layers of the retina (Page 13). i
(5) One of the most important results which has been |
attained in this research is with regard to the origin
Eof the processes of the 'cells' in the inner retinal
%all. It has heen shown that the processes of the
Pcells' in the ganglionie and internal nuclear layers
iemerge from the nuclei,and not from any surrounding
icytoplasm, for the presence of the latter cannot be

|
demonstrated in the embryonic retina. Moreover, the

first rudiments of the rods and'cones' are in the fom

of protrusions from the nuclei of the external nucleari
layer. These processes have been shown to consist fof
;the most part of nuclear achromatin, for they stain
;vary feebly with the materials which are usually em-
ployed for this purpose. This extrusion of these peo%

cesses is evidenced by a progressive diminution in the

size of the corresponding nuclei, which takes place
‘throughout development (Page 15 et seq.).

el [
(4) The nuclei of tdg inner retinal wall (except the

nuclei in the fibres of Muller ) do not possess any ssur-l

|rounding cytoplasm, and, in the case of the adult re-
| |

‘tina, the ganglionic nuclei are the only ones which |
f
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come to possess such an investment, and this, like the
processes, is excreted from the nucleus (Page 19 et seq.).

(5) Mitotic division is usually believed to he almost

|
universal in the case of animal cells; but, in the |
geveloping retina there is abundant proof of the occur{

rence of amitotic or direct division of nuelei. In

the early tadpole-stage, before the retinal nuclei be- |

gin to function, growth takes place by mitotic divisioﬁ

of the germinal nuclei which appear to be set apart foA
fthis purpose. After the retinal nuclei have become |
gactively functional, they lose the power of undergoing |

mitotic division, and now multiply by amitotic diviaioﬁ

KPage 32 et seq.). !

KS) The mode of development of the rods and'cones' is

!also of great interest, for the first rudiments of theée

structures have been shown to be veslicles of nuclear
achromatin extruded from the nuclei of the external

énuclear layer. These by their growth and protrﬁs ion{
%eyond the external 1limifing membrane exert a POSITIVEE
CHEMIOTAXIS on the retinals pigment -celis, which cauaeé

the processes of the latter to develop simultaneously i
iwith them. Moreover, what is more important still, E
the rod- and cone-rudiments actually ingest this pigme%t,
and metabolise it into a substance (rhodopsin ?) whichi
éstains very intensely with iron-alum-haematoxylin. i

iThis substance appears to act as food material to the

rods and 'cones', for these grow with great rapidity
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after becoming protruded bheyond the external limiting i

Lemhrane. This phenomenon therefore points strongly

!to the fact, that the nuclear achromatic substance (onﬁa

@mbryonic nucleugét least ) 1s the portion of that struct-

&ra, which has the power of absorbing and metabolisingi
food-material (Page 37 et seq.). f

i The results which are embodied in this research i
ithus not only form an addition to the literature on the
Iambryology of the Vertebrate retina; but also throw 5
ia large amount of light on the properties and functiona

Eof the ecell-nucleus, ; |

- ) : 0:—-—--10-“ -
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Illustrating Mr John Cameron's thesis on
"The Development of the Retina in Amphibia."

List of reference letters.

cone.
second type of cone.
cone-ellipsoid.
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>
"3
oBs y
A5 cone-globule.
|.N., cone-nucleus.
6.0 ¥y cavity of optic vesicle. 7
C.R., rim of retinal cup.
E.L.M., external limiting membrane.
E.M.L., external molecular layer.
E.N.L., external nuclear layer.
.M., fibre of Muller.
!G.H. germinal nucleus.
Ga.L., ganglionic layer,
Ga.N., ganglionic nucleus.
L.L.M., internal limiting membrane.
I.M.L., internal molecular layer.
T.¥.%., internal nuclear layer.
L. lens.
., neuroblast.
Ry rod.
ReBoy rod-ellipsoid.
R.G., rod-globule.
R.N. rod-nucleus. i
R.Pay margin of retinal pigment-cells. -
R.P .G retinal pigment-cells.
V.E., visual elements.
Vel primary vesicle of the visual elements.

All the Pigures, except 57,58 & 59, have been
drawn with the aid of Zeiss' camera lucida and special

drawing table. Zeiss' D lens and No.3 ocular were

used for figures 1 to 52, and the table was raised so |
| l
that the paper was five inches distant from the centre
of the camera lucida mirror. Leitz's oil-immersion

ilens(one—twelfth) and Zeiss' No.3 ocular were employed |
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Eor the production of figures 53,54,55 & 56. In the |
case of figures 53,54 & 56, the paper was 113 inches,
@and in the case of figure 55 the paper was five inchesi
gistant from the centre of the camera lucida mirror. E
| Figs.57,58 & 59 are purely diagrammatice

All the sections,from which the figures have been |

Frawn, were stained with iron-alum-haemstoxylin, ex- ;
Fept those from which figures 1,2,4,9,53 & 54 have been

&aken. The latter sections were stained with haem-

@1um, followed by eosine.

?ig.l. - A vertical section of the retina of a 15th
day frog-tadpole (7.5 m.m. long), passing
through the choroidal fissure. The outer re-

1
tinal wall is already pigmented, while the \

|
rudiments of the visual elements are just ap-
pearing. The myelospongium network and neur&—
% blasts are well seen (slide 5). |
Tig.2. - 17th day frog-tadpole (8.5 m.m.long). One of;
| the vesicular rudiments of the visual ele- !
ments has become protruded beyond the externai
limiting membrane. Numerous germinal nuclei!
are seen, It may also be noted, that the |
lens now possesses a central cavity. The re%
tina represented in this figure is much small@r
than that of figure 1 - apparently due to dif%

|
ferences of nutrition (slide 7). |



Fig.3 - 19th day frog-tadpole (11 m.m.long). The

Pig.6 -
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visual elements are now protruded beyond the
external limiting membrane, and the margin of
the retinal pigment layer (which has separateé
slightly) is becoming irregular in outline, |
due to the positive chemiotaxis exerted on it{
by the developing visual elements. The in=-

ternal and external molecular layers have ap-é
peared, and hence also the internal and axterl
nal nuclsar and ganglionic layers. The rudi-

ments of the fibres of Mﬁller are well seen

(slide 10).

shows a further stage in the development of
the visual elements, and also in the formatioﬁ
of the pigment cell processes. 21st day frog;
tadpole - 12 m.m.long. (slide 13). %
shows a great advance in the development both,
of the visual elements and pigment cell-pro- !
cesses., The rods and cones are becoming dif—‘
ferentiated, and the remains of the primary |
vesicles are seen in bhoth kinds of elements.
The rod-ellipsoid has also appeared. 23rd i
day frog-tadpole - 14 m.m,long (slide 16).
Note the markedly cone-shaped character of thg
developing rods. 25th day frog-tadpole -

i
|
15 m.m.long, (slide 18). |
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?igs.? to 10 show the rapid growth of the visual ele- |
ments. The rods and cones are now well dif-é
ferentiated. At about the 31lst day the de§p4
1y atained portion of the rod-ellipsoid be- ;
comes evident. 27 to 33 days. Slides 20, |
26,27 & 30.

Pigs.1ll & 12 are drawn from the same section. Fig.ll
|

shows the rods and cones in all stages of |
formation - the more fully developed ones beiﬁg
near the centre of the retinal cup. Oppo- !
site the letter A a cone will be seen becoming
transformed into the second type of this struét-
ure by a distending of its stalk with more ex+

truded achromatin from the cone-nucleus. The |

needle-shaped character of the more fully de-!

veloped rods is well marked. (slide 32). |
Figs.13 to 21 show the condition of the retina and visual

elements in the later part of the tadpole- %
|

stage. 37 to P& days. Slides 34,36,38,
40,42 ,43,45,48 & 50.

Figs .22 to 28 represent the appearance of the retinal

| wall during the stage of metamorphosis. The
rods gradually assume their fully developed
condition. A great increase in the number of
nuclei of all the layers in the inner retinal
wall is also evident, especially in the later
stages. 67 to 94 days. 8lides 53,56,57,61,

64,66 & 68.




wigs.29 to B2 represent the stages in the development

Figs.29,30 & 31 show the early stage of development of

Figs.sz and 33 -~ 8ome of the visual elements have be- i
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of the retina of toad-tadpoles.

the optic cup., Fig.31l shows the first ap-

pearance of a visual element, while in the |
deeper layers of the inner wall in the same i
figure are seen two nuclel with a globule of
achromatin at one pole, apparently about to |
be protruded. Toad-tadpoles - 12 to 16 days.
Slides 71,73 & 75.

come protruded beyond the external limjting |
membrane, and the processes of the retinal
pigment-cells are also manifesting themselves,
The internal molecular layer is just beginnin%
to appear, and the rudiments of the fibres of;

Mﬁller are well represented. 18th and 20th \

day toad-tadpoles. Slides 78 & 80. |

?igs.Sé & 35 show further stages in the development of;

Fig.36 -

the visual elements and pigment-cell proceaseé.
Both the molecular layers have appeared,
22nd and 24th day toad-tadpoles. Slides 82

& 83.

The rod- and cone-elements have become differ-
entiated. The rod-ellipsoid is also seen;

as also are the globular remains of the primsi
ary vesicle. 28th day toad-tadpole. lﬁ;m.ml

slide 87. |



Figs.37 to 52 show the progress of development during

Tig.55 -

(65 ) |

the later tadpole stages of the toad (32nd to
76th days), and it is seen to be practically

the same as in the case of the frog-tadpole.

Slides-89,91,92,94,96,98,101,%55,105,109,111,1
112,116,117,120,122 &124.

gives the relation of the primary vesicles ofg
the visual elements to the nuclel of the ex-
ternal nuclear layer.- As yet no pigment-pro:
cesses are evident. 15th day frog-tadpole - |
7.5mm., Slide 5. |
The visual elements are now protruded beyond
the external limiting membrane, and have ex-
erted their positive chemiotaxis on the re-
tinal pigment-cells. B shows the deeply |
stained material lying on the outer aspect of;
the vesicle. ¢ shows the primary vesicle |
practically surrounded with stained matter,

A shows the diminution in size of the vesicle,
due to its blending with the stained material,
The nuclei in figures 53 & 54 are seen to be ;
loaded with irregular masses of deeply ataineq
material, which obscure the intranuclear net-;
work. 2ist day frog-tadpole - 1l2.m.n, i
Slide 13.

A Schwalbe's rod which has been developed from
the first type of cone. 73rd day frog-tad-

pole. glide 57.
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Fig.56 represents three nuclei from the internal nuc{

|
lear layer of the retina of a 56th day toad- |

tadpole, showing evidences of amitotic or dirdct

division. The nucleus in the middle of the !
| figure is seen to be dumb-bell shaped, with a%
' nucleolus in each segment. The nucleus on
the right of the figure shows the completion |
| of the process, while the one on the left |
shows the commencement of the process. The !
intranuclear network is well seen (Compare |
with figures 53 & 54). Slide 112.
&igs.57,58 & 59 are diagrams to show the relation of
; the myelospongium to the two molecular layers.
Figure 57 represents the ‘arcaded!’ arrangemenﬂ
of the outer ends of the myelospongium'fibresi
In figure 58 the 'arch' is becoming somewhat ‘
flatter, and this gives the external molecula%
layer a sinuous outline. In figure 59 the |
flattening of thp tarch' is complete, and thef
outline of the external molecular layer is no#

It
straight, while the fibres of Muller have a ‘

slight lateral bend in this regilon. !
|
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