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THE colour of the Pulndus oculi in animals devoid of a, tapetum i s  mainly determined 
by reflection from t be choroidal pigment. Ila animals possessing a Tnpetum cellulosrli~z 
(Carnivores), the colour of the f~mdus is mainly determined hy tlne colour of the 
retina1 pigment, h animals which have a Tapetum fibrosum (Ungulates), the colour 
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2 DR. G. L. JOTINSON ON THE COMPARATIVE ANATOMY 

ie determined by the structural colour of the tapeturn modified by the colour of the 
retinal pigment. All the animals which 1 have examined may be considered m 
capable of being classified under one of three heads :- 

1. The Red Type, including every shade of red, chocolate, brown, and grey. To 
this belong Man and all the Primates (with the exeeption of the Galagos and tor idz)  ; 
certain Insectivora ; the Suricate and Cyxiictis, among the Carrlivores ; the Camelid=, 
S u i d ~ ,  Rhinoceros, and Hyraco id~  among the Ungulates ; all the R,odents (with 
the exception of Yterornys and the Spotted Cavy) ; the Edentata ; the Marsupials 
(with the exception of the Virginian Opossum), and tlne Monotreme Echidna. 

2. The YeZlo~u Type.-This includes all shades of yellow and orange. To thia 
helong the Galagos 2nd Lorides among the Primates ; the Ckiroptera; some of the 
Felidz and Mustelidx: ; the Tapir and Elephants among the Ungulates, and lastly 
t,he above-mentioned Flying Squirrels and Spotted Cavy amoug the Rodents. 

3. 271,~ Gj'een r ~ d  Yt.Elozu-g~ecja Typc. --To this belong all the Carnivores, with the 
exception of those already mentioned ; all the Selenodonta, with the exception of 
:,he Goats and Camels. 

The red end of the spectrum is the most common, next the orange and and 
then the green, the colours being rarer in proportion to their refrangibility. 

The vascularisation of the retina can be sulninarised as follows :--- 
l, Indirect Sqply.--By means of osinosis from the vessels o f  neighbouririg parts. 

A. Hyaloid supply. (CL) The corpus vitreum is nourished by a processus falciformis, 
the hyaloid vessels lying well inside the corpus vitreum (Elasrnobranchs). ( h )  The 
llyaloid vessels spread over the surface of the corpus vitreurn, being in consequence in 
the immediate vicinity of the retina (e.g., holosteous and many teIeosteous fishes). 
Hereto beIong also the Amphibia and most of the Reptiles devoid of a, pecten. 
B. Choroidd supply. This is probably the chief supply of the retina in those animals 
which possess a well-developed pecten (most Sauropaida), but are devoid of superficial 
hyaloid vessels. This choroidal fiupyIy by osnlosis is aIso with certainty demonstrated 
in the Mammalia for at least part of the thickness of the retina. 

2. Dir4ect Supply.-A. From the superficial hyaloid vessels. This is known to be 
the case when the hyaioid vessels are directly continued into the retina, where they 
produce two vascular layera. B. From spacial retinal vessels cumulating in the arteria 
centralis. This mode is restricted to the Mammalia and some of the Snakes. 

The vessels of the falciforxn process of the Fishes and the central hyaline artery, 
wherever this occurs, are essentially the same. The falciforrn process and the pecten 
are analogous, but not boxriologous, structures. In  Reptiles and Birds the hyaloid 
artery is superseded by a new development, viz., the Pectinal system. In  some of 
the lower Mammalia both systerns actually occur aide l y  side, but both are rendered 
unnecessary by the developinent of a third syste~rl of supply, viz., special retind 
vessels, which ultimately culminate in the possession of ail arteria and vena centralis 
r e t i s ~ .  
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Some of the normal conditions observable in certain animals closely resemble those 
which we find in Man aa congenital defects or vestigial relics. I .  Membrana nictitans. 
A fully developed nictitating membrane, active enough t,o sweep the whole cornea, 
exists: only in the Ungulata, and not even throughout this order. In  the Carnivora 
and Marsupials i t  is much less developed, whilst throughout the Primates, Insectivora, 
Rodents, Edentata, and Echidna i t  is still more reduced, and with rare exceptions 
entirely without movement. The primary use of this third lid, viz., t ha t  of cleaning 
the cornea1 surface, is lost within the class Mamrnalia, and seems to serve chiefly to 
protect the eye in the animals: which graze and poke their heads down into the long 
and sharp grass. 2. The retractor muscle of the eyeball is of frequent occurrence, 
chiefly in Marsupials, Edentstes, Rodents, and Insectivora, .i.e., in the lower orders of 
Mammals. 3. Opaque nerve fibres. All stages of opacity occur congenitally in Man, 
and are to be found normally throughout the Mammalia. Opaque nerve fibres are 
moat marked in some of the Rodents and Marsupials. 4. Physiological Cup and 
congenital discoloration of the disc frequently occur in Man. An appearance similar 
to  the phyeiological cup occurs in all Felidz, and in a considerable number of the 
other Carnivora ; also in the Flying Squirrels and some of the other Bodenta. Whi te  
and grey discs occur normally in, s number of animals widely separated in classifica- 
tion, such as the Skunk, Rhinoceros, Porcupine, Armadillo, and Echidna. 5. Structures 
protruding from the disc into the  corpus vitreum. A. Persistent hyaline artery. Thia 
congenitsl defect i11 Man is found as a rlorrnal condition in nearly all tlie Ruminants, 
and in a large number of Rodents. H. Vestiges of' n pecten. In  some of the Rodents, 
more especially in all the Agoutia, a button-shaped vascular pigmelzted rudimentary 
pecten protrudes from the disc into the vitreous. It is remarkable to find in the 
Mammalia a relic of this Sauropsidan organ. In  a number of Marsupials vascular 
protuberancea from the disc into the vitreous occur in different forms. 6. Colobomata. 
The papillary c~lnboma ( F u c ~ s '  Coloboma) has its analogy in a white or coloured 
scleral ring, which is normally met with in a large number of animals. 7. Retinitis 
pigmentoaa. I n  the Galagos and Lorides a spreading of pigment occurs circumferen- 
tially in the retina which greatly resembles Retinitis pigxwientosa. If these nocturnal 
animals are  exposed for prolonged periods to  daylight, the pigment advances con- 
centrically, similar to  t he  manner in which i t  progresses in Man, so tha t  the auimale 
gradually go blind. 8. Visible ehoroidal vessels and stippled fundus. Visible 
choroidal vessels occur in most of the S i r n i ~  below Hylobates, and in a number 
of the other orders. They are  most marked in the Macropodid= and some 
of the other Marsupials, which present the appearance observable in the extreme 
cases of the analogous co~~geni ta l  defect in Man. Stippled fun& are found in 
the feline Douroucouli and in the Lemurs, an  appearance occasionally met with in 
Man. '3. Ectropion of the Uvea. In a number of the Ungulates whimh have large 
oval pupils, either pigmented excrescences or a specialised development of the elastic 
fibres of the iris are met with, and these evidently serve t o  screen the eye against 
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glare, since their only contract moderately to  light. I n  the Hyracoidz we 

meet with a distinct specialised organ, which can be projected from the iris towards the 
cornea, like a small screen, and this 1 propose to  call the Uinbraculurn. (See p. 27.) 

The shape of the optic disc in the Malnrnalia is mostly circular ; exceptions occur 
in the Carnivore Cynictis, which has a horizontally oval disc, rvhilst in t he  Wolves, 
Jackals, and Foxes we find it lozenge or kidney-shaped. The disc is horizontally 
oval in most of the Artiodactyls and in all the E q u i d ~ ,  but we find i t  circular in the 
Goat, Llama, Camel, Tapir, and Rhinoceros. 

The disc lies either on a level with the retina, or is sunk below it, forming a kind 
of cup, a feature almost entirely confined to  the Carnivora and Flying Squirrels. 

Tn Men and all the Sirniz the disc is rosy pink or red ; whilst in the Galagos and 
Loridz i t  is black or green. In the Lemurs, Bats, Rodents, Fdexltates, Marsupials, 
alzd Echidna i t  is chalky-white. It is red or pink in nearly all tlze Artiodactyls, 
whilst in the P e r i s s ~ d a c t ~ l s ,  H y r a c i d ~ ,  and Elephanti& i t  is white or cream 
coloured, with the only exception of the Equidz, which have red discs. In the 
Hedgelzog and Mole the discs are  a bright red. The greatest diversity of colour 
prevails in the Carnivora, viz., grey, brown, red, and various shades of buff and 
white. 

The shape of the pupiI is circular in most of the Mammalia. It is slightIy 
vertically oval in the Lemurs and the Galagos, Foxes, %coon-like Dog, Lycmn, 
Hyzna S triata, Melursus, Coipu, Capybara, and Spotted Cavy. Vertical slit-like 
pupils, dilating to  a true circle, or nearly so, occur in a number of F e l i d ~  and in the 
Pinnepedia. The pupiI is hocizolitally oval in Cynictis and Herpestes, all the 
Art  iodactyls, E q u i d ~ ,  Ryracidie, Cetacea, and Xirenia, the Marmots, Viscacha, and 
a few Xciuridz. 

The shape of the pupil and that of the disc seem to concord to  some extent ; this 
i s  especially marked in the Ungulates. 

The divergence of the optic axes follows the clwsification to  a marked degree. 
The higher the order the nearer the axes approach parallel vision. Parallel vision 
with the power of coxlvergence only occurs in those animals which possess a true 
macula, viz., Man and all the fiimiz, In  other words, convergence appears t o  be the 
necessary outcome of a macula. This macula, which is bounded Ly a reflex ring, 
exists in all Sirniz and in r ~ o  O ~ J L C I '  ~Wurnwzab, so tha t  the aacula  ceases with the last 
of the Sirnize. 

If we eliminate the domestic animals, in which the refractiol~ varies over consider- 
able limits in all directions, we find throughout the Maunmalia, with a few notable 
exceptions, vision is hyperrnetropic. The eyes of amphibious and inariae Mammals 
ace adapted for vision in two ways. Thoae which live ill fresh w ~ t e r  have immensely 
developed. ciliary muscles and proportionally increased accommodative power, enabling 
them to compensate for the loss of the refractive power of the coldizea when the eye is 
submerged. In  the izzarine Mammals, i.e., Pinnipedia and Cetacea, not; olily is this 
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ciliary muscle greatly developed, but  there is always a Iarge area of the cornea which 
is flattened in the horizontal meridian, producing an  extraordinary degree of astig- 
matism. 

Rinoculcr.~ vision.-It seems tlnat if Mammals below the Sirniz have binocular 
vision, they do liot rely entirely on it. W i t h  the  exception of Man and the Simi=, 
Mammals very rarely move their eyes for the purposes of vision, but move their heads 
ins tead. 

I n  all the Mammals below the Sirniz which have no maicula we find a larger 
sensitive area, which, however, cannot be even roughly defined by means of the 
ophthalmoscope, since, except in the Ruminants and Carnivora, there is no alteration 
in the colour of the fundus, or marked absence of retina1 vessels to  serve as a guide in 
locating it. Seasi hive areas of restricted dimensions, omitting tlnose cases in which 
the area is limited to a macula, exist in the Carnivora, in which order the divergence 
is not great. I n  the Ungulates, Rodents, Edentates, and Marsupials, where we find 
great divergence of the axes, large cornez, and nearly spherical lenses, t he  sensitive 
areas are  larger, and probably the deglmee of difference in perception over such areaa, 
compared with the more peripheral parts, is but  little. 

The great transparency of the retirla and the extreme brilliancy of the reflecting 
surface of the choroid in the vast majority of Mammals, and the extraordinary pre- 
valence of colours of every hue, lead orLe irresistibly to  the conclusion tha t  t he  rays 
of light do riot form an  image on the retina as usually taught,  but tha t  the image is 
fbrrned behind the retina an the brilliant surface of the tapetum or fusca pigment 
layer of the clnoroid, and is then reflected back on to the terminals of the bacillary 
layer. This arrangement for vision certainly bears a close resemblance to  LIPPMANN'S 
method oi' obtaining coloured negatives. H e  obtained negatives in natural colours by 
placillg a reflecting mercury surface in direct contact with the sensitive film, thus 
reflecting tlne light which had traversed the film on to the particles of sensitised 
silver. In the eye the light passes through the nearly transparent retina (which is 
analogous to the photograplnic film), to be reflected on to  the terminals of the 
retimlal elements (which may be compared to  the particles of silver haloid). In  
LIPPMANN'S device the colours are produced by interference of light-waves. I f  we 

venture to carry our analogy still further, we may presume the same occurs in the 
eye. One difference between the two methods is tlnat in nature the reflecting surface 
is alway S coloured, and only reflects a portion of the incident light. The colour of the 
fundus, however, is remarkable for the absence of Hues and violets, and the great 
prolnine~lce of red, ~ e l l o w ,  and green colours. Yellow and orange are the prevailing 
colours in nocturrlal animals. The periplneral area, which is characteristic of animals 
possessing a tapetum, is usually dark brown, and reflects but  feebly. It 1s probably 
nearly insensitive to light, as i t  never occurs in animals having great divergence of t he  
optic axes. 

The eye is no exception to the rule that domestication greatly increases variability. 
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The colour of the Fundus oculi of domesticated races differs not only from that of the 
wild species from which the races are supposed to be derived, but the colour varies 
also individually, an occurrence almost unknow~l in wild species. The influence of 
dorneatication, which ia merely life under unnatural surrounding conditions, is 
also well indicated by the frequent occurrence of rrlyopia and astigmatism, which we 

find most prevalent in the Horse and most marked in the Rabbit, if we compare the 
latter with the high degree of lnyperrnetropia in the Hare. This myopic condition 
probably receives its explaxlation in the small dark hutches in which these Rodents 
are generally confined. Myopia is almost unknown in wild animals, but it may occur 
in wild specimens which have long been kept in captivity. 

The results obtained afford yet another striking testimony in support of the theory 
of evolution and the existence of ancestral forms from which the various branches 
have differentiated. 

Although no sound classification car1 be based on one single organ, a striking con- 
cordance exists between an attempted arrangement of the Mammalia according to the 
Fundus oculi and the most modern clmsificatiol~. The cases of disagreement are 
wonderfully few ; these are restricted to the following :- 

Chrysothrix leans towards the Arctopitheci, but since its dentition and cranial 
characters are distinctly platyrhine, the aberrant fundus must be due to a case of con- 
vergence. I find it necessary to separate the Galagos from the rest of the Lemurs, 
at least as a sub-family. In the smaller Carnivores i t  is advisable to establish a 
separate family, the Cyn ic t id~,  to include the otherwise viverrine genera Csnictis and 
Galictis, together with Mephitis, hitherto placed with the Mustelide. The Sciuro- 
morpha should be divided into Xciuridz and Pterornyid~,  and Castor should decidedly he 
removed into the Hystricomorpha group, perhaps into the vicinity of the Octodontidz. 
The Bats and I~lsectivo~a rank very low as far as the eye is concerned, possibly on 
account of their nocturnal habits. Among the Marsupials the Diprotodontia are 
decidedly lower than the Polyprotodontia, chiefly on account of the high degree of 
development of the eyes of the Didelphidz and Dasyuridz. It is probable that the 
Polyprotodontia and .DiprotocZontia are really two divergent groups of equal age, and 
that in spite of the reduction of the lower incisors the Diprotodontia assume the 
lower mmk. Since we meet with genera of the lowest type along with others of the 
highest type of retina1 vascularisation, and again some without, and others with, the 
additional relic or specialisation of a tapetum, it follows that the details of the vascu- 
larisation and of the tapetum have been developed independently in the various main 
branches of the Mammalia. In  fine, the whole Fundus oculi affords a striking 
illustration of the working of progressive evolution, an example all the more 
valuable since i t  illustrates the direct modifying effect of external factors upon a 
highly-specialised organ, in the present cme the continued i~~fluence of light upon 
the eye. 
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Notwithstanding illi extensive literature, a comprehensive comparative anatomy of 
the mammalian eye still remains unwritten. Microucopical examination is a tedious 

process, the procuring of absolutely fresh material is by no means easy, and, after all, 
fresh material is only to be found in the living eye. No amount of fixation or 

staining will recover what the delicate internal parts lose within a short time after 
death. It is here that the ophthalmoscope supplies a reliable and most valuable 
method of research. That instrumelzt has hitherto been rarely used in comparative 
iilvestigation ; a, few observations and illustrations relating to the Dog, Cat, Horse, 
an3 a few other domestic animals are to be found in articles scat,tered throughout 
various journals, the i*efereilces to which will be found in the ' Archiv fur vergI. 
Augenheilkunde.' The drawiiigs are mostly small, and usually obtained by the 
indirect method. The only treatise dealing wit11 the subject is that of NICOLAS and 
FI~OMAGET.* These authors have used the direct method, and examined a consider- 
able number of Horses. They have likewise described and depicted the Dog, Cat, 
Ox, and Goat, and made notes as t o  the appearance of the Fundus oculi of the Ass, 
Mule, aud Sheep. 

My observations extend over a inuch wider field, and it t v a s  not until a large 
number of  animals had been examined, embracing nearly all the families of the 
Mammalia, that I felt justified in making an attempt at generalisations. A list of 
the species examined will be found in Part IL, Chapter XI., p. 68. 

A few words are necessary in order to explain the methods of observation, and 
how the numerous coloured drawings have been produced. A small selection of these 
drawings will be found on the accompanying plates. 

At first I found i t  difficult to see the Fundus oclili of some of the animals by the 
direct method of examination, which necessitates almost contact of the ophthalinoscope 
with the eye of the animal. This method has the immense advantage of giving not, 
only higher magnification and much greater detail than the indirect, but also of 
avoiding the distortion caused by the use of an intermediate lens. I therefore 
persevered in its use, and at length with practice succeeded perfectly. Artificial 
light was used so as to obtain the same illumination in all cases. In order to keep 
the animals quiet I began by using anxsthetics, but sosn found this undesirable and 
quite unnecessary. Some of the animals were muzzled and occasionally covered with 
a net, but, as a rule, kindness, coaxing, and taming proved sufficient. I used the 
ordinary opht halrnoscope with a swing mirror and correcting lenses, substituting a 

mirror with a smaller aperture when examining animals with minute pupils. The 
eyelids were held apztrt with the fingers, or spring specula, and mydriatics, viz., 
homatropine, scolopnine, or cocaine, were used in most cases. Wherever possible, 

* " PrBeis dDpbtalmoscopie YBfArinaisc," Paris, 1898. 
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several animals of the same species were examined in order to eliminate errors due 
to individual or disease ; a.nd in all cases both eyes in the same animal 
were examined. When I had attained colisiderable practice in dealing with animals 
and examinirlg their eyes in a darkened room, '4: was fortunate enough to  obtain the 
assistance of that well-known artist and excellent dralughtxman, Mr. A. W. HEAD, 
F. 2. S. It is entirely due to his talent that I have been able to obtain a great number 
of excellent and faithful drawings of the Fundus oculi of most of the Marnmttls to be 
found in the ~neizageries and zoological gardeas of Europe. The chief work, how- 
ever, was performed in the Gardens of tlne Zoological Hociety of London, and 1 wish 
hers to record my indebtedness to Mr. Scr,nrr~~, F.R.S., Mr. BARTLETT, and Mr. 
THUMBON for their invaluable help and kindness. I noted each peculiarity before 
it was drawn by the artist, and examined the animal from t ime to time while tlne 
drawing was being made 011 the spot to ensure accuracy and correctlless of detail and 
colouring. 

The magnificatiolz obtained with the ophthalmoscope by the direct method varies 
with the proportionate distance between the posterior nodal point and the retina oa 
tlne eye exitmined. The magnification, therefore, varies in the different animals 
between 10  and 20 diameters, being greatest, of course, in the case of small-eyed 
animals. The drawings were made to represent the apparent ophthalrnoscopic size in 
each case, and their field was limited to the area which comprised all the essential 
features. 

In every case when examining the eye of the animal with the ophthalmoscope, 51 
determined the refraction by retinoscopy, and whenever possible hot h with and 
witlnout atropine. The shape of the pupil as well as any peculiarity of the eye 
generally were carefully noted, and the angle of divergence of the optic axes was 
determined by means of a specialy-devised goniometer (see p. 60). 

Having collected about 200 coloured drawings of the Fundus oculi of different 
animals, and having made extensive notes throughout, J found it necessary to select 
a zoological guide, and ultimately adopted the classification of tlze Marnmalia given 
by GADOW in his ' Classification of Vertebrata,' * as being based on the most recent 
morphological investigations. 

The more recent the classification selected, the closer did my results conform to it, 
notwithstanding the other numerous considerations which zoologists have had to  

take into account. Although it has been necessary to restrict the number of illus- 
trations ill this paper, they are sufficient t o  show that the eye is a valuable 
additional factor in classification, and that where its characters do not agree with the 
most recent systems, the discrepancies deserve serious consideration. 

Some of the results obtained are, moreover, of phylogenetic value, and the well- 
defined traces of vestigial relics which 1 have found in many instances, are interesting 
from an evolutionary point of view. 

* ' A CIassification of Vertebrata,' London, 1898. 
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Lastly, the fact t ha t  certain conditions which occur in Man as congenital defects 
are normal in some animals, may assist the opl-mthalrnologist in diagnosis, and we 
shall certainly find abundant field for physiological speculations which may advance 
our knowledge of vision, and bring us nearer to  the solution of the problem of 
colour perception. 

The first parh of this paper contaiins a systematic record of the observations made. 
In the second part  some of the impliecl problems and resulting generalisations are 
dealt with. 

Icannot conclude this introduction without expressing my deep iizdebtedilzss to my 
friend Mr. H. DE MOBEKTRAL, F.I.C., who has assist.ed me throughout in the arrange- 
ment of the well-nigh overwhelming material, and the co-ordination of the facts 
arising from i t  : his assistance has been of the utmost value in cornpiling this paper. 

Lastly, I have to  thank Dr. H. GADQW, F. R.X., for his uniform kindness t o  me, and 
for t he  encouraging interest he has taken in this work. 

PART I. 

A. Sirnia. a. CcttarI~in~. 1. Authr'opoidce. (Plates l and 2.) 

l. 14omo.-When examining the normal eye of Man with the ophthalmoscope, we 
perceive the fundus of an orange-red or vermilion ground. To the inner side of the 
axial line of vision we see a well-defined circular or oval pinkish disc-the so-called 
Blind Spot. Here the optic nerve enters the eye to spread out into the nerve fibre layer 
of the retina. This disc lies in the same plane a s  tbe surroundirsg retina, and from its 
centre the retina1 arteries and veins branch out in various directions over the entire 
field. Two and a half disc breadths towards the outer, or temporal, side of the disc 
we perceive a small circular patch of slightly darker hue than the surrounding fundue, 
which is known as the Yellow Spot, or Macula lutea. This is usually bounded by a 
circular reflex ring, which comprises the area of distinct vision. The arteria centralis 
retin2 enters the eye through the centre of the optic disc, on the  surface of which 
it divides into four main trunks, which subdivide into numerous branches to  spread 
out over the entire fundus, with the exception of the area surrounding and including 
the macula, a similar arrangement of veins accompanying the arteries. The arteries 
never anastonnose with one another, nor do the veins. In  addition to the retina1 
vessels, we frequently notice a certain number of the vessels of the underlying 
choroid. They appear numerous and conspicuous in Albinos, fair-haired children, and 
old people, and more especially in those cases in which the choroid has undergone 
degenerative changes. They are quite different in appearance from the retina1 
vessels, being of an orange colour, very broad, and anastornosing heely. Except in 
Albinos they are rarely to  be seen neat the m c u l a ,  but call be seen towards the 
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periphery of the field. At  the macula itself they are never visible, except in 
disease. 

The ~~Kthalrnoscopic appearance of the Fundus oculi is practically the same in all 
the various races of Man, the colour of the backgrourld alone differing. In fair- 
haired Europeans this is of an orange-red, and in brown-haired Europeans of a 
crimson colour ; in North American Indians and Mo~lgolians, brownish-red ; in t he  
majority of the natives o f  India, reddish-brown ; snd  in the Negro type, of a dark 
chocolate colour. 

In the black races, the reflexes or glistening sheen of the retina in the neighbour- 
hood of the vessels and macula, observable to some extent in every hgpermetropic 
dark eye, are very striking in youth ; and the minute fibres of the optic nerve, which 
radiate in every direction from the disc, although quite invisible in Europeans, 
form in them innumerable semi-transparent striz. 

2. T~oglocly t cs  and 3. Simitt. -The Chimpanzee ( Troqlodytes n i p ) ,  the Gorilla 
(T. gu~il la) ,  and the Ourang (Sin~ia s ~ t y r w ) ,  have a fundus which closely resembles 
that of the Negro in almost every detail. We find the same chocolate-coloured field 
with a darker coloured macula area bounded by a bright circular reflex ring ; the 
same distribution of vessels ; the round or vertically oval pink disc, and the same 
semi-transparent nerve striz. In fact, with the exception of the colour of' the fundus, 
the general characteristics found in Man are common to all the Catarhiaz (Old 
World Monkeys), axrd all the Platyrhinz (New World Monkeys). 

4. H~lfibatcs.-The Gibbons have a fundus which departs somewhat from that of 
the other Anthropoid%, inasmuch as the choroidal vessels are very marked, and 
appear as orange-red stripes radiating from the disc as a common centre, 

2. Ce~+copitJtecillasl. (Plate 3.) 

1. Mactrcus.-M. int~us (Pig-tailed Macaque), M. rheuus, M. cynorrzolgus, M, sye- 
e i o ~  us (Japanese Ape), M. sinicus (Bonnet Monkey), are all irery similar, the appearance 
and distribution of the choroidal vessels resembling that of the Gibbon. The disc, the 
retina1 vessels, and the semi-opaque nerve fibres are the same as in the Anthropoid 
Apes. 
2. Cynocephul2~s.-C, porcurit~s (Chacma Baboon), C. nzormon (Mandril), P q i o  

harncrdryas, and Papio $auus (Yellow Baboon) also closely resemble the Gibbon and 
the Macaques-but the choroidal vessels are more marked in the Mandril than in 
the Baboon. 

3. Cercopithecus generally resembles the other Catarhine Monkeys. C. mlbiy lclaris 

( S Y E I ~ '  Monkey) resembles the Mandril. C. diana has a grey fundus, and the 
choroidal vessels cannot be seen, due no doubt to this being a highly-pigrnented 
animal. C'. callitrichus (Green Monkey) has a fundus like the Mandril, except that  
the lnacula is double the dhineter of that of any of the other Old World Monkeys. 
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4. Cwcocebw.-C. ccollaris and C. fulig-inosus again bear a close resemblance to 
the Gibbon, as well as to the other Cercopithecid~. 

5. CJnopithecus.--C: n i p  (Black Ape} again no doubt on account of its dark 
colour has a grey fundus similar to that of Ccrcopithecus diana, and the fundus being 
dark, the reflex from the vessels and macula ring is very marlred. 

b. Arctopitheci. (Plate 3 . )  

1. Ifapalidar.--The Hnpales, or Marmosets have, to judge by the eye, been cor- 
rectly placed by GADOW in a, separate sub-order. They have the fundus peculiar to 
the strongly pigmented Old World Monkeys ; but with a very large macula area-as 
large in fact as Ce~co~~itJzecus calli~r~ichus, but with this difference, that the reflex ring 
shows a play of prismatic colours-a peculiarity which I have only found in one other 
animal, namely, in the Squirrel Monkey ( Chrysothr~x sciu ~dezu), which occupies no doubt 
the highest position in the next sub-order. 

c. Plcef?yrhim. (Plate 4.) 

The Platyrhines do not differ from the Catarhines to anything like the extent I 
would have expected. My observations fully confirm HUXLEY'S axiom as to the 
~imilarity between Man and the other Sirniz, i11 contradistinction to the Prosirnize, 
but not HAECKEL~ view that the axiom can he restricted to the Catarhines alone. 

l. Cebidm.-At the head of the family 1 place the genus Chrysothrix, on account 
of the prismatic halo around the macula referred to above. Then follow Lagothrix, 
Ateles, Mycetes, Cebus, and Nyctipithecus. They all have the characteristics which 
we find in the Cercopithecidz. The disc and the vessels are those common to all the 
Simiz ; choroidal vessels can be seen in all except the highly-pigmented animals, 
and they have all distinct macu l~ .  The Nyctipitheci, which T place lowest among 
the Platyrhine Moizkeys, have a fundus stippled ail over with minute brawn dots. 
The appearance is very similar to that which we shall find in the Lenzuridz, so that, 
but for the great distinction due to the presence of a macula, the Nyctipitheci closely 
approach the higher forms of the Prosirniz, a coincidence probably due to their 
nocturi~al habits. 

All the tSirniz have invariably circular pupils, which dilate to rnydriatics and 
contract to myotics, convergence, and light, arid in that respect there is no diEerence 
except in degree between Man alld. the other Simiz. The S i m i ~  are the only 
Mammals which have the visual axes parallel, and which possess the power of con- 
vergence, factors which seem to be the necessary consequence of the presence of a 
xnacuia. This convergence is longest sustained in Man, most of the Monkeys being 
only able to converge for a very short period. In fact, the Mandril (Cynocephnkis 
r n o l w o ~ ~ ) ,  the Black Ape (Cylzopitl~ecus sl<qer), and the Red Howler (Myceles seni- 

culus) are the only Monkeys in which 1 have observed any sustained convergence. 
c 2 
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The refraction of all the Monkeys i s  similar to that of savage Man, viz., slight hyper- 
metropia without astigmatism, the only exception being the Mandrils and Drills, 
which are all myopic to the extent of S D to  6 D.* 1 have examined six Mandrils 
and one Drill, and found them all myopic, and in both eyesaequally. The Meinhtana 
nictitans is rudimentary throughout the S i m k ,  as in ourselves -in only one species 
(Cynocephalus polqcinus) did I] find it capable of any movement. One dif6erence 
between Man and all the other Simia is that Man alone has the power of shedding 
tears, with the result that the Puncta lachrymalia and canaliculi in all the Simiz 
except Man are r~adinzentary and almost invisible to the naked eye. Tn all the Silniz 
1 find the caruncle XI in Man, except in the Pcrpio hanzadlyas, in which Monkey the 
caruncle is capable of being pushed forward in front of the canthus to about 2 milli- 
metres, and retracted apparently at  pleasure. 

B, Le~nures. (Plates 4 and 5.) 

The division between Sirniz and Progimia is extremely marked, since in the S imiz  
the macula is invariably present, whilst in the Prosimis it is entirely wanting, and 
vascular branches often cross its area, which is never the case in the Simiz. The 
pupil is no longer circular, but vertically oval, and the visual axes are not parallel, 
but slightly divergent. The animals also are incapable of convergence. Moreover, 
the disc is no longer pink, but entirely or partially covered with black pigment, being 
white where visible. 

1. Cl~irornyi~?~. --I have seen an Aye-Aye, but mlfortunately could not get close 
enough to examine details, owing to  its excessive timidity, but the colour of the 
fundus seems to  resemble t,hat of the Galagos. 

2. Lenzzc~hidm.-I find two well-marked divisions iu tbe Lemurid=, 1 propose t o  

place the true Lemurs in a separate family, and into another family the genera 
Galago, Nycticebus, and Loris. 

The Lanurs, of which 1 have examined L. brmncw, L. corntzatus, L. macccco, 
L. ~laige?., and L. ~~a~ icga tus ,  have all a fu~zdus of a brown or reddish-brown colour, 
covered with minute pigment spots at  regular intervals. Their disc is chalky-white, 
the margin and often one sector being pigrnented In  all, choroidal vessels can be 
seen with more or less distinctness. In Inany cases semi-opaque nerve fibres are 
visible, radiating from the disc, and the area which in all the Sirniz embraces the 
macula, is noticeable by the absence of visible choroidal vessels, although, contrary 
to what we find in all the Silizize, fine retina1 vessels pass over it. The pupils are 
vertically oval, and the eyes do not converge on accommodation. k. coqtccrelli forms 

" D in ophthaImic parlance is used to indicate a Diopter, i .e. ,  the refractive power of a lens having a 

focal length of one metre : hence 3 D has three times this refractive power, and is equal to a lens having 
U focal length of one-third of a. metre;  in other  wards, t h e  myopia in  the Mandril can be corrected by 
lens of tbis focal length. 
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an exception ; it possesses all the features present in the Fundus oculi of the Galagos, 
and none of those to be found in the Lemur's eye. 

Gc~laya, Nyc t ic~bus ,  and 1mi.s. -All the species examined, viz., Galago Oarn.etti, 
6;. Ncr holi, G. fVon t e i ~ i ,  PJo7ais nycticebus and L c ~ i s  ta~digrudzrs, have black pigrnented 
discs with green margins. The fundus of these animals is a golden yellow of extra- 
ordinary brilliancy, like burnisl~ed gold, peripheral area being composed of more 
or less dense black moss-like patches of pigment, which frequently invade the retina 
itself in the form of minute detached branches. This appearance strikingly resembles 
the coi~di t io~~ of the huinan Fundus oculi in the congenital disease kilown as IRetinitirj 
pigxnentosa, a fact which 1 shall refer to in detail on page 55. 

The brilliant orange-yellow colour, which we here meet with for the first time, will 
be forind peculiar to almost all Mammals of nocturnal habits. 

The brilliantly coloured zone surrounded by a heavily piglnented peripheral area, 
and the invisibility of choroidal vessels, are indicative of the so-called Tapetum 
lucidurn, corninon to almost all the Carnivora. 

The Galagos and the two other above-mentioned genera have vertically round oval 
pupils similar to the Lemurs, but they act more readily to light and mydria'cics. 

&,vkwilig the Pri,niates, we find a striking difference between the Sirniz and 
Lemures-the Sirniz alone possessing the differentiated and highly-sensitive area 
known as the Macula lutea. Hardly any difference can be seen between Man and 
the Anthropoid Apes. The Platyrhine Primates closely resemble the Catarhine 
forms, with the exception of the Douroucoulis (Nyctipitheci), which, but for the 
rnacula, could be taken for Lemurs. The true Lemurs approach the Sirnia, whilst 
the Lorides, Galagos, Nycticebus, and Aye-Aye have entire1 y different fundi, approach- 
ing in character the fundi of the Carnivora. 

I n  all the Prinzates the Mernbcana nictitans is rudimentary and useless. In  all, 
except Man, the Puncta lachrymalia are minute and on a level with the edges of the 
lids, and the entire lachrymal apparatus is elementary. A11 the Simiz have circular 
pupils-in all the Lernures the pupil is vertically oval. Man alone can sustain 
convergence ; all the other Simie have the ~ U W P I '  of convergence, but only for a 
moment, or at the most for a moderate time. Directly we descend below the last of 
the Simis, convergence ceases and the macula disappears. 

The Simiz alone among the Mammals constantly rotate their eyes for directing 
vision, The Lernurea and all Mammals below them move their heads instead, and only 
ou rare occasions and to a limited degree do they move their eyes for visual purposes. 
In all the Sirniz, with the exception of the Drills and Xfandrila, we find the eye is 
emm~tropic or slightly h~~ermetropic ,  aa in savage Man. 

11. CHIXOPTERA. (Plate 6.)  

l. Embnllonuridce and 2. P7espertilionid~.-Owing to the scarcity of Bats in 
menageries. and the exceedingly minute eyes and pupils of those which 1 have been 



1 4  DR. G. L. JOHNSON ON THE COMPARATIVE ANATOMY 

able to secure, I have found it impossible to examine any of these Bats with the 
ophthalmoscope in such a manner as to observe detail, but I was able to see that one 
of the English Bats ( Vespeq-lilio Nu t t e ~ i )  has an  ochre-yellow fundus. 

3. Yteropodid~.-The Indian Fruit-bat (PteroPus indicu,~) and the Australian 
Fruit-bat ( P. poliocephulus) have ochre-y eIIow fundi, wlnich appear pitted at 
perfectly regular intervals by dark depressions. Microscopic sect,iolis show t bat 
these depressions are due to nipple-shaped protuberances of the choroid covered 
with dense pigment. The disc is chalky-white and round, and a white nipple-like 
prominence is observable in the centre of the disc. The pupils are large and round 
and only act moderately to light and mydriatics. Continued exposure to daylight 
causes blindness. No choroidal vesseIs can be seen in the fundus, nor are any retinal 
vessels discernible. Microscopic examination of the eyes of the Fruit-bats as we11 
as those of the English Bat sho W, that the vascularisation of the retina is restricted to 
capillaries only. This condition seems to denote a very low degree of development, 
because we have to descend very far down the scale before we meet with it again. 
Some of the Sub-ungulates, a few Rodents, and the Edentata are the onIy other 
placeatal Maminals similarly devoid of retinal vessels. Ta this primitive condition of 
the eye of the Bats due to arrested development or partial degeneration of that 
particular organ through disuse, or must we regard it as disputing the high rank 
which zoologists have assigned to these strange Mammals ? Typical Vespertilion~ 
are undoubtedly met with in the Eocene epoch, a fact which favours the view that 
the Bats are really a low, although in many respects a highly-specialised, order. (See ,  
also Part II., p. 68.) 

IIL INSECTIVORA. (Plate G.) 

In  E~Lnnceus eu~opcsus (Common Hedgehog) the fundus is light grey in colour and 
uniform all over. The disc is red, and four straight retina,l vessels radiate from its 
centre, throwing off a few branches ; no veins can be seen accompanying the arteries. 
The pupil is smaII and round. 

I examined the eye of the Common Mole (TaLpa euvojmlx) inlmediately after 
death, by removing the front part of thc eye, and placing the posterior half under 
the microscope illuminated by reflected and concentrated light. I found the fundus 
to be a buff colour, which gradually turned to bluish-green. The disc and the 
vessels were identical in shape, colour, and position with those of the Hedgehog. 
The pupil of the Mole is round and microscopic in size. The cornea is very conical 
and the lids resemble a buttonhole, and are, like those of the Hedgehog, destitute 
of lashes. The globe can be ~rojected forwards several times its own diameter 
beyond the orbit, and retracted in like manner. This is necessary for vision, since 
the dense fur entirely covers the eye when retracted, and it is only by pushing 
the eye forward between the hairs and making a gap in the fur that the animal 
can see. 
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IV. CARNIVORA. 

All the Carnivora, with the exception of the Suricate and the Cynictis, have a 
Tapetuln lucidum, such as we have already met with in the Galagos. A peculiarity 
of this tapeturn, due, as we shall see on page 38, Part TI., to an opacity of the inner 
layers of the ehoroid, is that choroidal vessels can never be seen except in some rare 
cases, and then only at the extreme limit of the peripheral area. In the Pinnipedia, 
the Tapetunz lucidum is of the same colour all over the visual field, but in all the 
Fissipedia (with the exception of t.he Suricate and the Cynictis, which have no 
Tapetum lucidum) the filndus shows at least two coloured zones : a central zone, 
known as the Tapetum lucidum, and a densely pigmenied peripheral zone, lri~own as 
the Tapetum nigrum. The Tapetum lucidum, i.~. , the central zone, is iu many cases 
flrr ther divided into two, and sometimes three, differently coloured areas. The 
peripheral area appears at the bottom of the pictures. The vascularisation of the 
Carnivora is most prolific in the Pinnipedia, and in the animals of the sub-order I 
could not distinguish between veins and arteries. In  the Fissipedia, the number of 
vessels varies considerably, but in all Gases we find the arteries acconlpanied by 
their veins, and in most of these animals the vessels radiate from the disc with a 
certain regularity of distribution so as to maintain a star-like appearance. There are, 
however, among the Viverridz and Canid2 a number of animals the vascularisation 
of which is not star-like, but the main trunks of the vessels run straight upwards 
and obliquely downwards. 

In  a large number of the Carlzivora, more especially the Felid*, the disc is cup- 
shaped, lying below the level of the retina, the main trunks curling over the edge. 
The appearance of this cup resembles the congenital condition known in Man as the 
" physiological cup," but is still more marked, closely resembling the pathological 
condition known as glaucomatous cupping. 

In  all the Carnivora the disc is round, with the exception of some of the Viverride, 
in which we find horizontally oval discs, and in the Canidz, in which the shape of the 
disc varies considerably. 

The shape of the pupil is, as a rule, circular, but there are a number of exceptions, 
some of which are not without taxoliomic importance. 

The refraction shows but slight departure from emmetropia. As a rule, there is 
little or no astigmatism, thus showing a marked contrast with the Ungulates. The 
axes of vision are never parallel, bu t  the divergence is in general but slight, measur- 
ing 5" to 20" for each eye. There is a complete absence of the power of convergence, 
at least among the wild species of Carnivores ; and even domesticated animals, unless 
specially trained, do not move their eyes either for convergence or visual purposes, 
but they move their heads when they want to see in any direction other than the 

position. All the Carnivora, with the exception of the Skunk, have a 
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movable Mernbmna nictitans, although very few of them use it freely, and some not 
at all. 

As the majority of the Carnivores are either nocturnal animals or animals which 
prowl at dusk, we find in the central portion of the fundus either a golden yellow or 
3 bright green, and frequently both these colours are fbund intermixed. 

Tbe appearance of the Fundus oculi agrees well with the usually-accepted groups 
of the Carnivora, the only marked excepiions being the Cynictis, the Suricate, and 
the Canadian Skunk, the two former resembling the Suidz, the lntter having several 
p i n t s  in common wit11 the Rodents. These three animals ought evidently to occupy 
a lower position tbm that assigned to  them, uliless other considerations outweigh the 
indications afforded by the appearance of the Fundus oculi and other characteristics 
of the eye. 

A. P ; r ~ r ~ i ~ ~ & i a .  (Plate 7.) 

1. O/al~idm.-X have examined a Sea Lion (0tctl-i~. jubuta). The retina3 vessels as 

well as the disc resemble those of the Seal, but the colour of the firndus is osange- 
yellow. 

2. Phociclce.--The British Seal (Yhaca tlitulina) has a fundus of a very pate straw 
colour, stippled throughovt with minute emerald-green dots, a stippling which is 
almost universal amcing the higher Carnivora, but the fundue is mlifonn in colour, 
there lneing no peripheral zone. Although there is evidence of tbe existence of a 
Tapetum lucidurn, we do not meet with the same brilliancy of colour that we find in 
the Fissi~edia. The pupil of the Seal is circular when dilated, and closes down to  a 
narrow vertical slit with parallel sides. The refraotiol~ of the Seal presents points of 
great interest, as I have explained i11 a short paper read before the Zoological Society 
of Londoiz,* The eye is astigmatic, the refraction varying materially according as 
the eye is accommodated for air or wrater. This wonderf~ll contrivance, which 
evidently enables these ainphibious animals, the Seal and the Sea Lion, to see both 
on land and under water: likewise exists in the porpoise, and to a lesser degree in the 
Cetacea. The Seal and the Set Lion have a well-developed Membrana nictitana, but 
do not aeem to  make much use of if .  

B. Fissipediu,. (Plates 7- - 1 1. ) 

1, Felide.-All the  Felids, viz., varieties of the domestic Cat, the Siamese and 
the Kaffre Cat, the Serval, Tiger Cat, Ocelot, Cheetah, Puma, ancl the African 
Lion, have that peculiar capped disc so common to a large number of the Carnivora. 
The disc is round, varies in colour in the different genera, hut is always surrounded 
by a bright -coloured fringe, n~ostly emerald-green. The fundus is either divided 
into two or three coloured zones, The central zone is usually golden yellow, the 

* Sec ' Proc. Zool. Soc.,' 1593. 
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oval disc similar t o  that of many Ungulates and certain Rodents. The disc is 
covered with a network of black pigment, which we shall meet with in the Cervid8. 
I can offer no suggestion as to why the Suricate and Cynictis should differ so entirely 
from all the other Carnivora. The Cynictis and the Suricate have, moreover, the 
horizontaIIy oval pupil common to the Artiodactyla. Tlze only other Carnivores 
which have horizontally oval pupils are some of the Herpestes ; the other Viverridz 
have all vertically oval pupils like all the smaller Felid*. 

The divergence, refraction, and Membrana nictitans are the same as in the Felidz. 
In  one other respect again the Spotted Ichneumon (Hmyeste~ nepules~sis) forms an 
exception ; in fact, it has a peculiarity which I have izot found in any other Mammal, 
which consists in the power of rotating at will either eye outwards. This power of 
unilateral excursion, common to certain of the Reptiles, such as the Chameleons, 
must be due to a special mechanism of co-ordination, and i t  would be worth while 
investigating whether there is any variation in the optic commissure. 

3. Byceniclw-All the By=xlas, viz., H. striata, H. croc?~ta (Spotted Hyzna), and 
11. bu.zr,t~nem (Brown Hyzna), resemble the FeIidz and some of the Viverridz, having 
the same retina1 vascuIarisation, and the fundus divided into three zones-the peri- 
pheraI violet, the intermediate green, and the central golden ~el low.  The disc is 
brown and not cupped ; the fundus is covered with minute dots as in tlne Felidz. 
The pupils of all three' species are vertically oval when the anin~al is at rest. As 
soon as it is disturbed by any noise or in any other way, the pupils instantaneorlsly 
dilate to a complete circle as if the animal had its iris under control. The fact that 
the Byenas  are distinctly night animals may accourlt f o ~  this dilatation of the pupil 
when the animal is roused. This likewise accounts for the brilliant yeIlow central 
zone which throughout the Garnivora invariably occurs in nocturnal animaIs, being 
least marked in those which prow1 a t  dusk onIy. 

4. Canidce.-The fundus of the wild Canid=, like that of the Felida, Viverr id~,  
and Hyznids,  is divided into three zones--a peripheral zone of reddish or violet- 
brown, a green intermediate zone, and a central zone of bright golden yellow, 
characteristic of night animals, the Tapeturn lucidurn being covered with minute dots 
or patches. The disc is never cupped, and varies in shape in the different genera. 
The distribution of vessels is similar to that of the higher families, but the vessels 
tend upwards before spreading out, and do not always radiate directly from the disc. 
We shall find this distribution of vessels very marked in the Artiodactyla. The 
peripheral zone is, as a rule, wider than in the ~revious families, and in many cases 
includes the disc. To judge by the Fundus oculi, therefore, the C a n i d ~  ought to be 
classed immediately above the H y ~ n i d a .  

My observations bear out HAECKEL'B contention that among the Canidae we must 
in the first instance recognise two distinct groups-the Wolves and the Jackals on 
the one hand, and the  Foxes on t h e  other. The fundus of the Wolves, Jackals, and 
Foxes do not show, it is true, very marked differences. They a11 have the yellow 
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and green central zones, the periphery being brown, which is frequently bordered by 
a narrow purple-blue zone. The disc is never round, but varies in the different 
species, being triangular, lozenge-shaped, or kidney-shaped. But there is one 
striking difference between the VC701ves and the Poxes, and that is, that all the 
Wolves have ~-ownd ppi ls ,  whilst the Foxes have oval pupils. I have examined the 
Indian Wolf (Cul~is pal l ips ) ,  the Prairie Wolf (Cmis Zutmns), and one or two other 
Wolves without any marked difference in the species. The same holds good for the 
Black-backed Jackal (Cunis ~nesafite?m) and the Common Jackal (C. rcujme,~ks). 

The Colnmon Fox (Canis auZpes), AZARA'S FOX (C', Azar*), and the Fennec Pox 
(Canes eetdo)  are also very similar, except that the shape of the disc varies some- 
what. The Arctic Fox (C. lagopus), to my great surprise, showed no appreciable 
difference from other Poxes. 1 examined him both with his brown summer coat and 
in his white winter coat, but the appearance of the eye remained the same. It seems 
as if animals with normal seasonal albinism have not the absence of pigmentation 
which we find in true Albinos. 

The domestic Dog, as in the case of all domestic animals, shows variations in every 
individual ; but in no case have I found such an enormous differentiation in the 
colour and the appeara~lce of the fundus as in the Dogs, the difference being very 
much mure marked than in the domestic Cats or any of the domestic Ungulates. 

I: have examined a large number of different Dogs, and have come to the conclusion 
that they will require a monograph to  themselves. HAECKEL seems to be right in 
deriving the donzestic Dogs f>om the Wolves and Jackals. In  fact, all the Dogs 
which have come under my notice, with the sole exception of the Racoon-like Dog 
(Canis p~~ocyonides) ,  have the round pupils characteristicof the Wolves and Jackals in 
distinction to the Foxes. The Chou-Chou Dog of the Chinese is remarkable in 
having a brilliant orange-red fvndus with a black peripheral zone covered with bluish 
pigment patches, a fundus unlike any of the other Carnivora. 

The fundus of the Cape Hunting Dog (L~CCLO?L piett~s) closely resembles that of the 
Hyznida, and in this respect differs from all other Canide. FLOWER, in his work 
on the Mamrnalia,* draws special attention to this resemblance on other grounds. 
The Australian Dingo, on the other hand, seem to bear resemblance to the Wolves. 
The Racoon-like Dog (C. przrr:yot~ides) rese~rrbles both the Foxes and the Racoon in 
having a vertically oval pupil, the fundus strikingly resembling that of the Racoon. 

On examining the Dogs, 1 again found that whilst all the wild Canidz, as indeed 
all the Carnivora, are emmetropic or slightly hypermetropic, and, as a rule, free of 
astigmatism, the domestic animals had a tendency towards astigmatism and myopia. 
A few of the rl~rnest~ic Dogs seem able to move their eyes to a slight extent in follow- 
ing an object, but I did not no.tice any such inovemeizt among the wild Canidz, 

I n  the Dingo and the ~acoon-like Dog, as well as in some of the domestic Dogs, 
strikingly so in a St. Bernard, I met with an appearance of the fundus found common 

* ' Mammals, Living and Extinct,' by W. H. FLOWER axtd R. LYDEKKER, London, 1891, p. 553. 
D 2  
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to all the Mustelidz, Procyonid~,  and Ursidz. This appearance is best compared to 
very coarse crystalline sugar, showing coloured facets densely s p r e d  over the peri- 
pheral area, encroaching more or less into the Tapetum lucidum. A11 the anirnal~l 
which have this peculiar crystalline appearance of the fundus have a lens showing 
distinct concentric rings, wl~ich alter the refraction in such a manner that the 
periphery of the fundux cannot be clearly seen. It may be that the crystalline 
appearance of the pigment observable with the ophthdwnoscope is due to the differ- 
ence in rzfraction of the various parts of the lens. The crystalline appearance of the 
pigment occurs only in the Carlzivora from the Canidze downwards, but the concentric 
rings noticeable in the lens of these animals likewise occur in the Inscctivora, Pmdenta, 
Edeutata, and in some of the Marsupials. 

5. MusteZida.-All the Mustelide have round discs ; iri some it is cup-shaped, the 
vessels arising a t  the margin of the disc and curling over it as in the Felide, whilst 
in others they radiate from the central stenz. The Canadian Skunk ( M q ~ h i t k  
7nc;nlzitica) has a pure white disc in which no trace of vessels can be seen. The colour 
of the fundus varies in different members of this family. The Polecat (ArPusttla 
~ ) I { ~ O T ~ W )  resembles that of the Jackals, and so does the Cape Zorilla (letonyx xor~;LZa). 
111 the Colnmolz Otter (1,utl.a vulgaris) the intermediate green zone is strewn over 
with orafige patches similar to those of the Spotied Ichneumon, and this is again a 
feature in the Tayra (Galictis barbara). The Pine-Marten (:W. f07;nc~) has a reddish- 
brown peripheral zone, and patches of a similar reddish-brown cover the green inter- 
mediate mne, whilst the central yellow zone is covered with similarly coloured dots. 
The Sand Badger (illelm ankuma) bears little reselnhlance to the other Mustelidze, 
having a whitish straw-like fundus covered with green dots, the peripheral zone being 
bright vermilion. But for the more prolific vascularisation it might be taken for thai 
of' one of the Felidz, resembling solnewhat the Siamese Cat. 

The Canadian Skunk (Mep/~i t is  mepl~itica) differs entirely from any of the other 
Carnivora. The disc is white and cup-shaped without any trace of vessels, whilst six 
branches arise a t  the extreme edge of the disc. Opaque nerve fibres radiate from the 
disc as they do irr the Suricate and the Cynictis, forming exceptions to all the other 
Carnivores. The fundus is of a pale canary-yellow, changing to a dirty mottled drab 
near the lower margin of the disc. The Tapetum lucidum in this animal is of a much 
less decided character than in the other Carnivores. But for some differences in the 
vascularisation, the fundus of the Skunk resembles that of the Flying Squirrels, more 
particularly P&ro~zys ~nqniJicus. Besides this resemblance to one of the Rodents, 
the Canadian Skunk has several other points in common with that lower order. The 
eyes protrude beyond the hemisphere ; there is no Membrana nictitans, and the 
refraction shows a high degree of hyperrnetropia (viz., 5 D), all of which peculiarities 
are common in the Rodents. 

6. Proeyo~zidle.-The American Racoon (P. Eotor) has poil~ts of resemblance with 
the Mrrste,lidzas wellas with the Bears. The fundua of the Bassaricyon (B. allrrzi) 
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resembles that of the Cape Hunting Dog and the Hyznae, except that the violet 
peripheral and intermediate green zones are considerably lighter in colour. The 
Kinkajou (Ce~neoleptes ctxudiz~oluz~I~us) has a red peripheral zone with a yelIomish-green 
tapetum, with yellow and green clots and streaks and a cup-shaped disc, tLus some- 
what resembling the Sand Badger. The Ringtailed Coati (Nc~sutu rufc) has a brown 
peripheral area, and a bright green tapetum with yeUo~vish patches, an appearance 
coinmon to  all the Bears. The disc is round In. all the Procyonidz, with the excep- 
tion of t he  Racoon. The Mernlnrana nictitans of the latter is vestigial as in ourselves, 
whilst in the Kinkajou it is well developed, and florins with the coqjjunctiva a sort of 
loose bag which contracts over tlne cornea; an arrangement which we shall find in 
some of the other animals, which, like the Kinkajou, have the power of withdrawing 
their eyes into the socket. This is still more marked in the Bears and comxxion to a 
number of the lower Maminals, The Coati, like the Bears, has a Memlsrana riictitans, 
which it only uses when sleepy. The resemblance of the Racoon to  the Polecat and 
of the Coati to the Bears, as well as the fact that all through the Mustelid~, Pro- 
cyonida, and Ursidte we find the crystalline appearance of the pigment in the 
fundus, and the concentric arrangement of the lens fibres already referred to, shows 
that, with the exception of the Canadian Skunk, the classification according to  the 
eye agrees with that of GADOUT which I am following. 

7. Uvsidg,--The Syrian ( U~szcs s~yvitrczu}, the Blacls. ( UI-sus nmericanus) , the 
Malay f U. ~latu~yanus) ,  and the Sloth Bear ( U ~ s i n u s  mullcl-sus) have practically the 
same fundus; a central area covered with ~el low patches and a purple or purple- 
brown densely-pigmented peripheral area. In the Black Bear and the Sloth Bear, 
orange is distributed on the border line between the two zones, and in the 
Malay Bmr the peripheral p i p e n t  extends into the green in the form of light 
purple patches. The discs are all round and more or less cupped. The pupils are 
round iri all except U ~ s u s  ame~icunus, in which it  is vertically oval, dilating to  a full 
circle. The Rca1.s have a Mernbrana nictitans which only comes forward when they 
are sleepy, Ursirhzu rt~alursus rolls its eyes constantly baickwards and outwards with 
an extrermlely rapid knovement every few seconds, withdrawing them at the same time 
into the sockets in the same way as the Rhinoceros does. This movement enables 
the animal t o  sweep the horizon without moving its head. 

V. UNGULATA. (Plates 12-1 7.) 

In examining the Unplates, 'l was greatly struck by the fact that, according to 
the Fundus oculi, they can be classed into two large divisions.. The Artiodactyla, 
which form the first section, have numerous large retinal vessels, whilst the other 
Ungulats have either a few fine vessels restricted to the vicinity of the disc, or a, 

fundus devoid of all trace of retinal vessels. 
The pupil is horizontally oval, except in the Elephant, Tapir, and Rhi~~oceros, where 
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it is circular. The iris is hardly sensitive to  mydriatics, but contracts well t o  strong 
light. As a rule the iris shows two distinct layers, a number of Ungulates having 
either pignlented excrescences on the border of the iris, or a special development or 
tissue from the superficial layer. In either case the object is t o  shield the very large 
pupil against glare. In the Hyracide. it is developed into a special organ (see pages 
27, 59, and 59, and also Plate 29). As regards refraction I could detect no myopia ; 
nearly all the animals I examined were emmetropic or slightly hypermetropic, all 
being more or less astigmatic. All Ungulates have a nictitating membrane, but the 
extent of movement and the degree to which it is used vary greatly. 

Although as a general rule the Ungulates are possessed of a Tapeturn lucidurn, 
this is not invariably the case. As far as can be judged with the ophthalmoscope 
the Camelidz have not got a tapeturn, and I have been able to convince myself by 
anatomical as well as ophthalnzoscopic examination that the S u i b  do not possess one 
either. The Suidz have a transparent choroid similar to our own, and this seems to  
be also the case in the Camelid~. If we regard the Tapetum lucidum as an opacity 
of the choroid both with and without structural colour, then no doubt Ph' inoceros, 
Elephas, and Hyrax are possessed of a tapeturn, but the dull appearance of the 
fundus forms a striking contrast to the brilliant hues found in the other Ungulates. 
Moreover, those Ungulates which have a characteristic Tapetum lucidum have also 
a Tapetum nigrum, or a t  least a densely pigmented peripheral zone, while the 
Rhinoceros, the Elephants, and Hyrax show no such differentiation. In order to 
see exactly where the difference lies, the examination of freshly enucleated eyes 
is necessary. 

A. Artiod(rcty1a. 

Throughout this sub-order the eye is comparatively very large, the pupil is horizon- 
tally oval, and the retina has an elaborate and highly developed vascular supply, 

(a) S e l e n ~ d ~ j ~ t ~  (IZu?~zincwnts). 

The highest Ruminants show some reselnblances in colour to the Carnivora, but 
the shape of the disc and the vascularisation of the retina are distinctly peculiar. 
First, with the exception of some domestic animals, it will be observed the disc is 
horizontally oval, whilst in all cases the vessels are highly developed and of large 
calibre. Secondly, the whole of the f'undus above the disc is supplied entirely by a 
single very large and prominent trunk, which runs vertically upwards. From this, 
horizontal branches .run outwards at regular irltervala, giving off fine branches 
which pass downwards, parallel to the parent trunk. The Goats alone fbrm an 
exception, the branches spreading obliquely from the main trunk. This peculiarity 
of the vascularisation forms a marked distinction between the Goats and the  Sheep. 
Fine capillaries supply a specially sensitive area, which forms a broad horizontal 
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streak just; ahove the disc. Froin the two main trunks, which pass obliquely down- 
wards from the disc, minute vessels and capillaries ascend to reach this special area 
from below. By this arrangement of vessels the sensitive area is practically 
uuobscured. The Selenodonta, with the exception of the Camelid=, have a well- 
marked Tapetum lucidum and Tapetum nigrum. 

l. Bozlidm-The fundus is divided into three zones similar to what we have found 
i x l  the Carnivora-a peripheral purple-brown zone with gaps showing the underlying 
green, which is the predominant colour over the rest of the fundus ; an intermediate 
zone which is yellow, spotted with green dots all over, and a central area distinctly 
yellow. This is the case ia the Zebu or Indian Ox (Bos I ~ Z ~ Z C Z L S ) ,  in the British 
Wild Ox (80s taugr~s), and also, generally speaking, in the domestic Cow, atthough 
bere, as in a l  cases of domesticity, considerable variations occur in different 
individuals. The Sheep (Ovis) closely resembles the Ox as far as the vessels and the 
disc are concerned, the only difl'erence being tlne colour of the fundus, which k of a 
ptle slaty-green with tiny orange stellate dots. The ~ e r i ~ h e r a l  zone is purple-brown 
as in the Ox, only more mossy, but without the gape of green. These mosey pig- 
ment patches extend over the fundus to a greater degree in old than in young 
nnirnals ; in some cases they may even be found scattered over the entire central 
area. 

The Goats ( C C L ~ I - a )  differ somewhat from the Ox and Sheep. The peripheral zone 
is very much the same, although it encroaches more 011 the cel~tral zone, resembling 
in that respect some of the Cervidz. The wild Goat diflers in colour from the 
doinestic Goat, the wild animal having a pale greenish-blue fui~dus, while the 
domestic Goat varies with every individual, being often of a bright lavender colour. 
Instead of' the minute dots, which are scattered over the fundus in the Ox and 
Sheep, the Goat has large bright orange spots surrounded by a yellow border which 
all appear joined to each other by miliute processes. In  maily cases in both Sheep 
and Goats the pigment towards the Ora serrata, which partially determines the 
colour of the fundus in the Ungulates, ceases entirely, not in a regular manner, but 
showing an uneven rugged edge, so that near the margin of the visual field we 
obtain. an unobscured view of the underlying structurally coloured opaque choroid, 
which appears as a bright greenish-blue sheen, like mother-of-pearl, devoid of all 
traces of pigment. (Compare the chapter on the nature of the Tapetum lucidu~n 
of the Ungulates, page 40.) 

2. C'cruidm.-The colour of the fundus of the Cervida is similar to that of the 
Bovidz, and they have the distribution of vessels charxteristic of the Ruminants. 
The disc, however, is very peculiar. Its shape is, roughly speaking, horizontally 
oval, but much more extended laterally in proportion to its width than in any other 
group of animals, except certain of the Rodents. In the Hog Deer (Ceruus 
pw-ci~ius)  it appears to consist of three separate  disc^ placed side by aide and fused 
together, each having its main a.rtery and vein springing from the centre. The 
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colour is pink, and covered wit11 a coarse pigment network as iii Cynictis. The disc 
of the Reindeer ( 8 ~ ~ 7 ? g i f e ? '  t a ~ u u d u ~ )  follows much the same plan, but the 
networlr is less marked. Opaque nerve fibres radiate brush-like from the ends and 
top of the disc. The Dorcas Gazelle (Guxellce do~.cas) has a long oval simple disc 
covered with pigment network, but the opaque nerve fibres are less marked. The 
retillal vessels arise from three sources as in the Hog Deer, the two htera,l trunks 
spread irregularly over the pigment zone below the disc, while the great main 
arterial trunk ascends vertically through the green zone, and is distributed in the 
characteristic way. 

In all the Ge rv id~  examined I have noticed a white fibrous band, extending f~wm 
the central trunk at its entrance in the disc to the posterior capsule of the lens 
(fig. I, a and b, Plate 28). Tlzis ph ylogenetically important organ will be discussed ill 
the chapter dealing with vestigial relics and congenital defects (see p. 53). 

3. Camelidce.-An exalninatioil of several species of the Dromedary (Cmnwlus 
d~*ontedalius), tbe Bactrian Camel (Caweli~s bac trianus) , and the Llama (LZanzu 
pcruuior,na) showed no essential individual differences, the Dromedary being practi- 
cally indentical with the Camel. None of the Camelids have any peripheral zone, 
the fundus being of a uniform colour. These are also the only Ungulates in wllich 
any choroidal vessels can be seen-a feature peculiar to red or brownish-red fundi. Tlne 
Camel has a brownish-red fundus slightly stippled with dark grey dots everywhere. 
The disc is round, depressed below the eurrounding level, and the arteries and veills, 
which are both of a bright scarlet, are arranged in the way we noticed in all the other 
.Ruminants. Opaque nerve fibres radiate horizontally and downwarde from the disc, 
while a broad zone, free from blood-vessels, with opaque nerve fibres and stippliilg, 
extende as a horizontal streak ilnmediately above the disc. The Llama has a very 
large slightly oval disc, but the distribution of vessels is the same as in the Carnel. 
The fundus is of a brilliant magenta, covered with deep red chbroidal vessels and 
stippled everywhere below the disc with dark red dots, There are no opaque nerve 
fibres, but the epecial sensitive area immediately above the disc fbrrne a horizo~ital 
halid nearly devoid of blood vessels, as in the Camel. As already obselhved, the 
Cmelida; have no Tapeturn lucidurn. 

4, T~agulidce. Chevrotain (T~o.yu/?ts javunicu.s).-The disc and the distribution or 
the vessels in this animal closely resemble those of the Cervid*, except that the disc 
is still more deueely pigmented and perfectly oval, and the vessels all arise from the 
centre of the disc. The fu~zclus above the disc is a pale yellow-green, dotted every- 
where at regular il~tecvals with large stellate brow11 dots. The peripheral zone mu- 

sists of an agglornerakion of violet-brown pigment  spot^, giving i t  a mossy appearallce. 
There are no opaque nerve fibres, but there is a well-marked, bloodless, sensitive area. 

The Gkevrotain possesses a peculiarity otherwise mek with in the Leporids only, 
viz., that the retina1 vessels stand out above the surface of the retina in such a 
w u n e r  as to cast broad shadows on to the brilliant green ba,ckgrr.ound. To focus 
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these vessels aha.rply, T required a diffe~ence of four dioptries m compared with the 
dots 01.1 the background, thus indicating cz, difference of level of 1% millimetres. 

L. I i ippopo tco~zidm. --The oldy Kippopo tainus which aIlotved me to approacl..rn him 
sufiicie,ntly near for exarnina-tiun suffered from opacities of' the cornea. F could, how- 
ever, discern retinal blood vessels, and the fundus seemed of uniform colour. The 
orbit forms an exceediliglSr prominelzt tubercle on a level with the ear. The eyes 
are ve3.y far apart, for~vbing para,llel lines with the ears, The range of vision of the 
eyes is extensive owing to  their turret-like position, which stand above the water 
when the whole of  its body, except the back and the head, is submerged. 'She eye is 
surrounded by a, wide area of pink, ur~pigmented skin. The eyelids form a complete 
fleshy ring round the eye instead of two separate lids, The sclerotic is of a pale 
grey-~ink colour. The pupil is very sn~all hori~ont~ally, p in ted  oval, and contracts 
with light to a horizontal slit. Only traces of eyelashes are present. The slictitans 
is well developed and lies iiu loose folds, but it never extends beyond halfway across 
the eye. The animal cleans its eye by bringing both lids together over the globe, 
which at the  sa,me time retracts into the orbif, but tiever moves the eye upwards and 
outwards as does the Rhi~zoceros, 

2. 81~idm.-The Pigs differ entirely fmln the Ruminants, resemblil~g rather the 
Suticate and the Cyx-ricfis. The general colour of the fundus of the Wild klzr ia a 
purplish-grey, coarsely stipple.d, a colour only met with in some of the Monkeys and the 
above-narz~ed Carnivora. The disc is large and horizontally oval, and a number of 
arteries and veins radiate from its centre. The veins are exceptionally large, being 
five or six times that of the corresponding arteries. Innumerable opaque nerve fibres 
radiate from the disc. There are no zones, the colour heing the same aU over the 
fbl.rndus, nor is there any tapeturn or c21iy differentiated area devoid of blood-vessels. 

The Perissodactjrla have fundi devoid of retinal vessels. The Rhinoceros shows a 
niuch more primitive fundus illan the other Perisaodaetyla, more so than either 
Tapirus or Equus, and even Elephas and Hyrax. 

1. Ehinoce~otidm.-There is absolutely nothing to be seen ill the fux~dus of the 
Rllzinoceros bnt a large circ~alat white disc in the eelatre of a violet-brown field covered 
with a faint network of coarse stippling. 

The Rhinoceroses have sinall bright twinkling eyes, This " twinkle " is due t o  a 
ra,pid oblique movement of the eye outwards and slightly upwards, a rnoveinent which 
the animal performs every few seconds. This occurred in dl the species examined. 
This movement may be for the purpose of protection, to enable them to  look around 
tvithout the trouble of turning their large, massive heads. It also seems in some 
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measure to replace our "winking." The eye is placed so as to  have an uninter- 
rupted view forwards and laterally. The skin round the eye forms large irregular 
folds, the oufermost being about 5 iizches acrosa, The two lower Colds form a right 
angle, while fhe upper fold forms a portion. of a circle. 

The pupil is ramrd, 9 millimetres in diameter, surrounded by a. dark brown iris. The 
cornea, on the other hand, is not round, but formed of two intersecting arcs of circles 
nearly correepoizding t o  the anglee at tbe canthi. A weU-formed nictitans is present, 
but although it is heely moved half across the eye, especially when the animal gets 
sleepy, it never flashes across the whole eye aa in the Horse. 

2. Equidm. --The Horse, RURCHELL'B Zebra, and the Wild Ass (Rqfcus tmniop tts) have 
a, fundus divided into two zones. The zone is violet-brown. and densely 
pigmented, as we have seen in the Bovidq Ce rv id~ ,  and Tragulida ; the central 
zone, which lies immediately above the disc, is entirely stippled with purple-brown 
stellate dots 012 a coloured ground. In  the Horse and Zebra, the groundwork is a 
mixture of yellow and green, whilst in the Wild Ass it is a mixture of yellow and 
bluish-green. The disc is oval and pink, and numerous fine capillaries can he seen at 
the edge of the disc and only traceable for a short distance. Opaque nerve fibres are 
also present. The Horse closely resembles the Zebra, except that the colour of the 
fulzdus varies individually, its typical colour being olive-green wit h a dark brown 
circumferential zone. All the Equida have a well-developed Mernbrana nic titans, 
which they usc freely. The pigmelzted prominexlees at the edge of tl-re iris, kuown 
as the Corpus nigx'urn, are more highly developed in the wild animals than in the 
tame ones. 

3. Tapiridm. --The Brazilian Tapir (Tc~pirz~s anze,j*icanrrs), being a night a n i d ,  
has a bright golden-yellow fundus stippled with orange-red dots and with a a  orange- 
red peripheral zone. There are only a few tiny Mood-vessels, which are restricted to 
the edge of the circular chalky-white disc. 

l. Elephantida?,-Both the Indian a id  African Elephai~ts have a yellow-ochre 
fundus marked with p o r e  or less bacillus-like brown patches, which markings are 
much more prominent and numerous in older tl-ran in younger animals. 

The disc is round and of a greyish-white colour. A few capillaries can be traced 
over the edge from the cent,ml depression. The pupil is circular, and the pink fleshy 
nictitms, although well developed, is used but little. 

The fundi of both Hyvwm dorsalis and 13. c~pensi .~  are practically alike and 
resemble those of the Elephants. The f~~ndurr, which is a pale reddish-brown, is only 
lightly stippled, and shows a few traces of choroidal vessels. The disc is pale pink, 
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and has a few minute vessels which radiate from near the centre, and in some cases a 
short way over the fundus. 

The Hyrax has a peculiar contrivaizce, which consists of a small spade-like prololl- 
gation of the external (superficial) layer of the iris, whicln has its origin about 
2 millimetres above the pupillary margin. This special organ, which 1 propose to term 
the Ilrnbract~lwrn, and which is on Plat8e 29, is highly contractile, and its 
surface is inclined away from the rest of the iris in sa oblique direction forwards 
and downwards towards the cornea, which it almost touches when fully extended. 
At  each side of the insertion of tlne umbraculum is a horizolztal slit in the iris proper, 
which is evidently iiecessary in order to allow of its complete contraction out of the 
way of the pupil. Strons light causes the animal to extend this urnbraculum, and at 

the same time to  partly close the pupil, the object being evidently the same as when 
u7e screen our eyes wit11 our hand when facing the sun. We can assume by analogy 
that the prolongation of the iris found in a number of the Ungulates, iricludilig the 
pigmentary excrescences known in the Horse as the " Corpus nigrurn," serve a like 
purpose, The Corpus iiigrum, however, differs from all the other iridic prolongations 
in being a simple llypertrophy of the internal or pigment layer of the iris, the iris 
fibres themselves not entering into it. (See Plate 29.) 

VI. SIRENSR. VII. CETACEA. 

Ophthalmoscopic examination was restricted to the eyes of a Porpoise about an 
hour after death. The general background was then of a bluish-slate colour. The 
disc is comparatively small ; the arteries and veins, each seven in number, radiate 
from i t  at regular intervals, the arteries dividing dichotornous~y, but not the veins. 
The skin encroaches over the eyehall so as to cover it all but the cornea, giving the 
appearance of a, buttonhole punched out of the skin and the globe being pushed 
against i t  from behind. There are consequexltly no eyelids, and eyelashes are absent, 
and there is no trace of a nictitating membrane. The cornea is flattened in a 
horizontal plane, as in the Seal, and iridicates a similar high degree of astigmatism. 
No doubt the Cetaceans have a similar contrivance to the Seal, enabling them to see 
both in air and water ; in fact I found, as in the Seal, an extremely thick lens having 
an anterior spherical and a paterior parabolic surface, with a very highly developed 
ciliary muscle. 

VIII. I~ODENTIA. (Plates 17-22.) 

With the exception of the red and white Flying Squirrel (P~eromys mcigni$cus), 

the fundus of which bears some resemblance to that of tlne Skunk, aild t I ~ e  Spotted 
Cavy (Cct?logenys paea), which latter has a fundus not unlike that of the Tapir, the 
Rodents show no sign of a Tapeturn lucidurn. They all have fu~undi which are uniform 
in colour, showing various degrees of traaspareucy. The vaacularisation differs 
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enormously in the various sub-orders, ranging from conzplete absence to the most 
prolific distribution of vessels. The disc likewise shows a wide range of differentiation, 
comprising both the largest as well as the srnallest disc found in ally class of 
Mammals. In fact, there is a greaLer variety of type in this order than in any other. 

Throughout the Rodents the pupil is circular both when dilated and contracted, 
the only exceptions being the Marmots, the Ground Squirrel, the Coipu a d  

Capybara, which have a slightly oval pupil. All the wild Rodents show a marked 
degree of hypermetropia, which, however, tends to  disappear in captivity. This 
explains why those who 11ave examined domestic Fhbbits and Guinea-pigs have 
recorded such varied results. The domestic Pabbits exhihit all degrees of refkaction 
and astigmatism, whereas the common wild Hare (1;e.u~ e z ~ ~ c g m u s )  has a considerable 
degree of hypermetropia. All Rodents have the power of retracting the eye into the 
orbit, the lids closing as the eye is withdrawn into the socket. The llictitating 
membrane is in all rudimentary, ss  in Man. The cornea is a perfect hemisphere, and 
extends in most cases to the equator of the globe. 

The crystalline lens in the great majority of the Rodents appears to be made up of 
coneentl-ie circles when viewed through the ophthalmoscope, which renders it very 
difficult to examine the details of the fundus. T11e ophtl-lalmoscopic appearance of 
the fundus confirms the view now held by HAECKEL, GADOW, and others, that the 
Rodents must be placed very low down among the Placentalia. 

The fundus in this sub-order is red or greyish-pink, except in the Black Rat (~Mus 
rn.if t~s),  in which i t  is whitish-grey, the Albino variety having a pure white fundus. 
The disc is usually vely small, and the vascuXarisation prolific and symmetrical, the 
veins and a!-teries radiating at regular iiztervals from the central trunk, like the rays 
of a Stxfish. Opaque nerve fibres are invariably seen around the disc. The pupil is 
round and contracts to a pin's head. 

In all the meinhers of the Myoxidz a peculiar white cord is seen passing from the 
cerztre of the disc close to the mail1 vascular trunk, through the vitreous body as far as 
the posterior capsule of the lens, near which it Inay be seen to bifurcate, each terminal 
being apparently inserted into the margin of the lells capsule. Sometimes this cord is 
seen to be highly pigmented at its origin, the pigment being spread out over the area 
which corresponds h the disc, but 1 could not be sure whether the cord arose from the 
disc itself or fiom the rrlain trunk of the central vessels. This cord, running from the 
disc to the lens, is similar in appearance to  that in the C e r v i d ~  ; besides this cord, P 
have often noticed a short, blind, sausage-shaped artery projecting into the vitreous ss 
a bud from the main trunk, and which often may be seen pulsating. Perhaps this 
sEiould be considered as the obliterated hyaliile artery, but it is quite distinct from the 
above-mentioned cord, and sometimes the two may be seen side by side. 
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I. d>+odidce.-The Egyptian Jerboa (Dlpws cegyp~ius) and the Indian Jerboa 
(Ahc tc~yu  indica) have all the characteristics we have just described common to all 
t,he Myornorpha, a pink or brownish-grey fundus and ill-defined disc, from the centre 
of which retinal vessels branch out in all directions. At their origin the retinal 
vessels come forward so as to form a raised double arch standing out above the disc. 
Around the disc opaque nerve fibres radiaLe, and the choroidal vessels are more or 
less visible. The cord which runs from the disc to the lens is densely pigmented at 
its origin (fig. 3, CL and h, Plate 28). 

2. &omy id@.-The Cape Pouched %t (Saccosto~nus campest~is) and the American 
variety (Gean~?ys anzejiccflzus) closely resemble each other, and present an appearance 
partaking of the characters of the Dipodidz and the Muridz, thus confirming GADOW'S 
classification. 

3. B~lricl~.--The fundus of the Muride resembles that of the Dipodid*, except 
that the disc is reduced to a mere point and obscured by the central trunk, giving 
the appearance as if the arteria centralis retin2 was hardly surrounded by any nerve 
tissue. The optic nerve of these animals which I have examined after enucleation ia 
scarcely the size of a cotton thread. The main vessels radiate in straight lines at 
regular intervals without bifurcating, giving the vascularisatiolz a star-shaped appear- 
ance, a point in which they differ markedly from the Dipodidz, in which the vessels 
each divide into two or three branches close to the disc. 

The Black Rat has a light grey fundus, in which no trace of choroidal vessels can 
be seen, whilst the Albino variety of the same species has a perfectly white fundus, on 
which choroidal vessels can be seen as worm-like streaks. 

4. Myoxide.-The two Dormice differ considerably. The Oak Dormouse (lMyurus 
dryas) resembles the Murid=, except that some choroidal vessels can be seen ,as long 
red streaks in the background, whilst the Garden Dormouse (~lfyoatls pue~ca'uus) has 
a larger disc, and the fundus is entirely covered with a deilse network of thick 
choroidd vessels, which cause it to resemble the Chinchillid* but for the characteristic 
vascularisation common to all the Myomorpha. 

The Sciurornorpha present great varieties, and include some of the most curious 
nppearaiices to be found in any animal. The first point which strikes one is that the 
American Beaver (Ccrstol- cug~cr,de~zsis) does not in any way resemble the other Sciuro- 
~norpha with which it is usually classed, but has a fundus resembling that of the 
Viscacha, the Chinchilla, and, more still, the Hydrocherus Capybara. 

The next point is the great difference which the Flying Squirrels (Pterom:ys and 
Sciuropter~~s) present as compared with the other Bciuridz, which again differ 
materially from one another both as regards the shape of the disc and the vasculari- 
sation of the retina. 
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The lens of the Squirrels is ilearly spherical and the pupil invariably round. 
1. Custorid~.-Judging horn the appearance of the fu'undtls alone, the Beavers 

should be placed between the Chinchilli& and the Cavidz. In  the Canadian Beaver 

(Casto~ canadensis) the disc is circular and white, having a deeply ~igrnellted pnpil- 
lary projection in its centre (fig. 8, Plate 28). Around t'he latter two or three 
minute capillaries can be seen, but otherwise all retinal blood vessels are absent. The 
fundus is pale brownish-red, and entirely covered with a network of choroidal vessels. 
No opaque nerve fibres are present. The eyes, moreover, are reinarkably small con- 
sidering the size of the animal. The similarity between the Castor and the Viscacha 
and Capybara is very striking. 

2. Sciurida,-The Flying Squiwels differ entirely from the t ~ u e  Squirrels and 
Marmots. 

Pleronzys mag?z~&cws somewhat resembles the Skunk in the colour of the two 
zones. The fundus is golden-yellow covered with brown stellate dots, similar in 
appearance to  those found in the Galagos. The disc is white and depressed, so that 
the fundus might be taken for that of a Carnivore were it not that the abundant 
vascularisation reminds one of that of some of the Rodents. Xciu?-opte?w,s volucella 
has a similarly depressed white disc, but the fundus is uniformly deep scarlet, covered 
with small black streaks, there being evidently no Tapetum lucidum, not even of :L 

primitive kind, as innumerable choroidal vessels are to be seen. 
The Marmots ( A ~ c t o m y s  Ma.~~motta and Sy?iornys lz~dovicimzus) and the Squirrels, 

other than those above mentioned, such as Sciurus l e~doz~ic ian~s ,  SC~U.TMS U C L Y ~ C ~ C G ~ U S ,  

and S. vzklgaris, have an elongated disc which extends as a narrow hand, club-shaped at 
the ends, across the field, occupyiug in the Mar1not.s about one-half of the entire 
retina. This long disc is both relatively and absolutely of a greater area than that of 
any other animal I have examined. The disc of the Marmots and some of the 
Squirrels have quite folxr times the area of tlne disc of an adult Elephant. From this 
long narrow disc the retinal vessels run upwards and downwards as broad red parallel 
lines, a few vessels radiating from the club-shaped ends of the disc, giving the entire 
vascular arrangements the appearance of a centipede. The disc is white and depressed 
below the fundus, so that the vessels curl over the edge. Innumerable opaque nerve 
fibres run parallel to the retinal vessels, like the teeth of a fine comb. The general 
colour of the fundus is pink, with a tint of grey due to the opaque nerve fibres. The 
disc is always above the visual axis, and in several cases 1 noticed in the axis of' vision 
a portion of the fundus free of retina1 vessels. In the Ground Squirrel {xe~*us 
s e t o s ~ ~ s )  the entire portion of the fundus above the disc is very dark and wit11 very 
little reflex, so that few details can be discerned. The Indian Palm Squirrel ( ISc iu~us  
prnlrnaw~m) seems to stand midway between the Flying Squirrels and the true 
Squirrels. The colour of the fundus is the same as that of the true Squirrels-a pale 
pink, rendered grey by innunlerable opaque nerve fibres, choroidal vessels being visible 
as in all. The disc is circular arrd cup-sha~.)cd, both the disc and the vascularisation 



OF THE MAMMALIAN EYE, ETC. 3 1 

resembling that  of the Flying Squirrels. From the cerltrc of the disc a ~vl-rite cord 
runs forwtt,~*d towards the lens (fig. 9, Plate 28). 

The Sundus of the E-lystricomorpha shows no retilnal vessels, but in most cases a 
nuxzzher of fine capillaries emanating from the arteria centralis retin% call be seen in 
the disc, which is always round and white and nearly as large as that of Man. In  
inost animals of this sub-order other than the H ~ s t r i c i d ~  (Yorcupilzes) a pecten-like 
prominence, consisting of blood-vessels and ~ i ~ l n e l l t  cells, call be seen protruding from 
the cerltre of the disc into tlne vitreous. 

The By stricomorpha, with the exception of the Porctlpi~zes (Hystricidz), have 
strikingly choroidal vessels, and their fundus resembles that of the 
Marsupials. In the Hystricida, 011 the other hand, the choroidal vessels cannot bs 
clearly seen, the fundus bearing a striking likeness to that of the Edentata. 

I. Clzinchillidm. ---Chinchilla ( CJzincl~illm Iccnigc~+u) and the Viscacha (Lagostomus 

trichoclcactyl.las) show only a small trace of a '"ecten " in the centre of a round white 
disc, in which a few capiIlaries can be seen. The fundue is devoid of retinal vessels, 
but exhibits a dense network of prominent choroidal vessels on a buff or slaty-grey 
baekgroalzd. The disc is chalky -white, with some firle capillaries emanating from 
the centre, but only to its margin. 

2. Cctcid~. -The Common Guinea-pig Q Cwia  pa~~eet lus)  has a fundus similar to that 
of t l ~ e  Chirzclraillid~, except that the opaque nerve fibres in the vicinity of the disc 
are more marked. I could not see any opaque nerve fibres in C/~irbcl~illa Ict~~igcra,  
althougln I saw some in the Viscacha (L;aqosto~>aus t~.ichodac~yZz~s). Differences are 
to  be found in the numerous varieties of Guinea-pigs, as they are domestic animals, 
although in so primitive an eye the differences are not eo marked as in domestic 
auimals of the higher orders. The Capybara ( I J y d ~ o c h a r ~ s  ca~1gOu~a) has a fundus 
resembling that of tl-re Chinchillid= and, as already remarked, it resembles also that 
of the Canadian Beaver. The resemhla~~ce which the Chinchillida, the Castorid=, 
and these Cavidz bear to the Marsupials is very marked, and we shall find this to be 
still more the ease with the Dasyproctide. The Spotted Cavy (Cdogenys paccc), 
however, differs materially f ~ o m  all tlne other Hystricomorpha, having a fundus in 
~vllich no choroidal vessels can be seen, but two distinct zones-one golden-yellow in 
the centre, the other red peripl-rerally -poiIlt to the existence of a, Tapeturn lucidurn. 

3. Oct odo?atid~. -Myopotart~us Coy pzl ha.s au exceediilgly primitive fundus, of a, 

type intermediate between that of the Hys t r i c id~  and the Dasyproctid~. In the 
centre of the disc is n basket-like vascular protuberaizcr, similar to that of the 
Y c ~ n n w l e s  Emgotis. (See fig. 15, Plate 28.) 

4. D u s y p ~ o c ~ i d ~ .  - Tlne Agoutis are particularly interesting, a11 having the pecten- 
lilie vascular protuberance, which is more developed and characteristic than in any of 
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the other Hystricomorpha (figs. 18, 19 ,  20, Plate 28). The disc of the various 
species is round with rninutje arteries ; opaque nerve fibres are more or less marked, 
and the fundus entirely covered with choroidal vessels or1 a grey-black or buff 
ground. The Golden Asouti (Dasypractn agoztti) has such a dense network of fine 
choroidsl vessels that it gives the fundus a recl appearance, whilst in Azhah'a Agouti 
(Drnsyp?,octa Azrarm) we find a grey fundus wit11 the choroidal vessels ~nuch  less marked. 
The resemblance between the Rodents and the Marsupials is most apparent in t h e  
Dasyproctid~. 

5. H?ystricid~.--The Porcupines have a fundus devoid of retina1 vessels, and a 
round disc, which is white in the Hairy Porcupil~e ( S p h i n g ~ t w ~  ' I H ~ I I O S U S ) ,  and bluish- 
grey in the Brazilian Porcupine (SpJzi7lpwu~ j~~ehenselis). The latter has a vermilion 
fundus, with orange streaks, probably obscured choroidal vessels, whilst the Hairy 
Porcupine (Sphingurus villostts) has a vermilion fundus covered with large lake- 
coloured dots, no cboroidal vessels being vi8ib:e. Neitl~er of these Pol.cmpines show 
any trace of capillaries in the disc, nor any trace of a " pecten," the disc being 
entirely uniform as in .the Edentata. 

Lcpo~id~~,--a'he Rabbits l~ave a deep vermilion-red fundus, and ihe Hares an 
almost lake-coloured fundus, but ill other respects they are similar. A. round-oval 
white disc is to be seen considerably above the visual axis. From this disc large 
retina1 vesaels brailch out right and lek in n horizontal plane, and the area they 
occupy is covered by bundles of completely opaque nerve fibres, forming a pair of 
broad white feather-like streaks, which part at the disc. The fact that all the retina1 
vessels run entirely in these bundles, which are all above the line of vision, points to 
an admirable contrivance of nature by which their irzllerent opacity affords no obstacle 
to the anin~al's vision. 
In the lighter-coloured Rabbits choroidal vessels can be seen. In  the All~inos, the 

dense choroidal vascuIarisation is visible, as also the places mlnere tlze vesaels enter 
the choroid through the sclerotic. 

The Leporidz, judging fro111 the eye alone, ought t o  be placed between the 
Sciurolnorpha and the Hysiricomorpha, as the eye is no doubt lesz developed than 
t,hat of the Squirrels, whilst the presence of retina1 vessels shows it to be of a higher 
t,ype than that of the Hystricornorpha, which resemble the Marsupials in all families 
except the  Porcupines, which approach the Edenkta. 

IX. EDENTATA. (Plate 23.) 

The fundus of the Edentata is of the most rudimentary lsind. But for some 
hardly perceptible stippling the fundue is uniform in colour, a large round white disc 
being all that can be discerned. In  some animals a few minute capillaries occur 
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near the centre of the disc. It was exceedingly difficult to examine that of the 
Edentata, as evidently their sensitive area lies in close proximity to  it. Whenever 
the light from the ophtllalmoscope was focussed on the nasal side of the disc the 
animals winced and closed their lids, and their distress was evident. 1 noticed the 
same effect when examining the Echidna's eye. In  the Edentata, as in the Por- 
cupines, the pupil is exceedingly small, dilating markedly under atropine. The 
Edentata are able to retract their eyes much more than the Rodents, the retraction 
being, however, apparently less due t o  the action of the choanoid ~nuecle than to the 
pressure exerted by the lids. These appear to p~rsh the eye back, as the retraction 
does not take place when the lids zre forcibly held open and the cornea is irritated 
with a brush. At the same time that the eye is pushed hack into the socket the 
globe rotates tack'ivards towards the l~etrous bone. 

1. E)as~jpodicla!.-The Hairy Armadillo (Dasypus villos7;s) has a uniform reddish- 
brow11 fundus with a round chalky-white disc, in which 110 trace of vessels can be 
se2n. The disc is situated above and slightly posterior to the axis. There is a dark 
grey spot in the centre of the disc, but I could not determine whether it, was the 
shadow of a pit or a pigmented protuberance, sin~ce the unequal refraction of the lens 
conmon to all these primitive Marnrnalfi makes it exceedingly difficult to ascertain 
details. The eyelids are well formed. The animal winks every few seconds, the eye 
receding each time, while the lids bend illwards in the direction of the apex of the 
socket, instead of the upper lid sliding down over the eye as in ourselves. The 
lower lid is very small, highly piglnented with black, and covered with vertical and 
horizontal creases. This rnovelriel~t of the eye also exists in the Ecllidnn. There is 
no trace of a nictitating membrane. 

2. A f y m~ecophagida. -- Great Anteater (Hy ~ j 7 1 e c o j a  jubuta). The fundus 
closely resembles that of the Armadillo, being of a brownisln-red tint,  uniform all over, 
except for a faint strcaky mottling. Around the cenbre of the chalk-white round 
disc seven minute capillaries can be seen. The disc is two disc breadths above and 
slightly behind the axis. Tine rhythwnic retraction and rolling of the eye i s  the same 
as in the Armadillo, but, strange to say, this ai~irnal has a well-developed nictitating 
membrane. The pupil is round, dialneter 3 tlzillimetcea, dilating to 6 millimetres under 
atropine. 

3. B~.~tdypodid<~.  -The three- toed Sloth (B1'6~clyp11~ t r i d ~ ~ c t y l t t s )  has a fundua 
closely resembling 'chat of the Armadillo. No trace of vessels can be seen. The 
ni~t~itat ing membrane is wanting. 

X, MARSUPIALIA. (Plates 23 -26.) 

All the Marsupials which I lnava examined, with the sxception of the carnivorous 
and noc tumal Tasmanian Devil (Dosy urw t~rsinus) and the Virginian Opossum 
( Didelphys virgig~iulia), show a complete absence of retina1 vessels, whilst with the 
sole exception of the Squirrel-like Phalanger (Belideus scizrreus) and the Black 
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Phalai~ger ( Phctlccngista ~ ~ u l y a r i s )  the choroidal vessels were in all cases very promi- 
nent, standing out as vermilion streaks 011 a brown or grey, and frequently almost 
black, background. With the exception of the two above-mentioned Phalangers, the 
Diprotodontia closely resemble the Hystricomorpha, excepting the Hystricide (Porcu- 
pines). In  the Dipohdontia we find the vestigial pecten-the sauropsidan vestigial 
relic noticed in the Hystricon~orpha, and particularly in the Ilasyproctidz. The only 
other Marsupial ixi which I have fbund such a pecten was the Rabbit-eared Perameles 
(Perctnleles Irtgotis). All the Murfiupials have circular discs, and ill most cases the 
disc is covered with fine capillaries or a fine vmctnlar network, tvhich projects like a 
dome-shaped cushion above it. In almost every instance, opaque nerve fibres rz,diate 
from the disc as in the Rodents. ,411 Marsupials have circular pupils and an active 
Meinbrana nictitans, whilst the Didelphy id= have eyes resembling those of the 
Carnivores, and therefore eyes much higher in development than any of the other 
Marsupials and any of the Rodents ; the Perarnelidz seem to me to possess the 
lowest type of eye among the Marsupials, so that it is di&cult to make a comparison 
between the Diprotodoi~tia and the Polyprotodontia. Classed according to their eyes 
only, the Didelphyidz, and possibly also the Dasyur ib ,  would form a separate sub- 
order, highest aniong the Marsupials. 

A. Diprotodonth. 

l. Phascolomy ;cl@. -The Woinbat ( Ph rxscolont ys Tllbmbat j has the characteristic 
fundus of the Di~rotodontia above described. The eyes are smal1, the pupils are 
large and circular ; the nictitans is well developed and advances very slowly, about a 
third across the cornea. Its only use appears to be to protect the eye from light and 
injury, and not to clear the cornea from dust, &C., as the cornea is insensible to toucln. 
The light from the ophthalmoscope had an  iinrnediate hypnotic effect on the animal, 
so that i t  was necessary to awaken it every few minutes. 

2. Macropodi(lle. -The fundus of tlne Kangaroos bears a striking resemblance to 
that of the Agoutis. It is devoid of retina1 vessels$ grey-brown in colour, with 
r~unlerous prominent choroidal vessels. The circular disc is covered with a vascular 
network in the Short-tailed Wallaby (Halmotur t rs  I )~ .ael~yu?*l~s) ,  BE~NET'S  Tree 
Kangaroo ( D e n d ~ o Z a ~ u s  ilzzwt us) ,  and both the Black-faced Kangaroo (1l1aeropu.s 
~nclmnops), and the Red Kangaroo (M{j,cropus YII, fus j ; whilst the Brush-tailed Wal- 
laby (Petrogufc pen2cillt~ta) and the Rufous Rat Kangaroo (Hypsipry~~~v,us ryfosccns) 
have fine capillaries covering the disc and emanating from the eelitre. The Red 
Kangaroo has the further of a pigrnented cord running from the disc to 
the lens as in some of the Rodents. The Rufous Rat Kangaroo has a well-marked 
vestigial pecten, while the Black-fi~cetced. Kangaroo lias at the edge of the disc a white 
bladder-like protuberance. 

3. Pl~ulce.ngisliclm.-The Phalangers resern'de the other Ipi protodontia, inasmuch as 
they all are devoid of retina1 vessels, tlne rollnd discs being covered with capillaries or a 
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cushion-like network of vessels. The choroidal vessels are markedly prominent in 
the Flying Phalanger (Petnurzls sckreus) ,  and they can be distinctly seen in 
the Black Phalanger (Pkolnngistn I I L I I ~ C L Y Z S ) ,  but not in the Scluirrel-like Phalanger 
(Relideeis sciurcus). This last-rnentioned animal has a brow n-pink fundus covered all 
over with large black dots, while that of the Black Phalanger is creamy-white covered 
with vermilion dots, the periphery being entirely covered with innumerable dark 
brown pigment patches, All the Phalangers have a fleshy Mernbrana nictitans. 

B. b-'olyprotodol~tia. 

I. Dicle lphy idce.-The Virginian Opossum (Didolphys vi~ginian t t )  forms an excep- 
tion, inasmuch as it is the only Marsupial with a fbndus divided into two distinct 
zones showing all the characteristics of a Tapeturn lucidurn. The central zone is of 
the brilliant golden-yellow, peculiar to nocturnal anilnals, the peripheral area greyish- 
black with interstices through which the same golden-yellow shines. This animal 
and the Tasmanian Devil (Dos ul-trs wrsin z ~ a )  are the only Marsupials with retinal 
vessels. In the Virginian Opossum these arise from the central artery, the vmculari- 
sation and the disc resembling that of the Jerboa (Dip?.rs nicrcta,ya), the same peculiar 
arch-like arrangement of the vessels being present. This Opossum has another 
peculiarity, it has ao Mernbrana nictitans, but a peculiar contrivance takes its place in 
the form of two folds of conjunctival tissue, which arising from either canthus meet 
in the middle line, thus closing up the eye altogether, a t  the same time squeezing the 
eye backwards into the socket. These two folds by their junction thus enclose the 
cornea as i t  were in a loose double bag, giving it the appearance of a large cedematous 
fatty tuwnour. The animal can protrude or retract i t s  eye by means of these folds at 
pleasure. 

The lens shows the characteristic concentric circles which we have met with in 
many of the Rodents as well as in the Edentata. 

2. Dctsy.z~ridce.--The Ursine Dasyure or Tasmanian Devil (Dc~slgul-us tr~sinus) has a 
reddish-brown fundus with a bluish-grey slightly cupped disc, from which retinal 
vessels branch out, no choroidal vessels being visible, The opaque nerve fibres in the 
vicinity of the disc are marked, but not to the same degree as in the next family. 

3, Ye?,amelid~,-The Eandicoots examined have choroidal vessels. The 
Short-nosed Bandicoot (P. heslcln) some what resembles the Kangaroos ; fine capillaries 
radiate over the chalk white disc. The lens shows the characteristic concentric rings. 
The eye retracts into the socket, and rolls backwards when touched, and at the same 
time the Membrana nictitans flashes over. 

Perameles /apt is has a s ip~i la~  fundus, except that a large area arour~d. the disc is 
densely covered with opaclue nerve fibres, formlillg a large and very beautiful aster. 
At  the centre of the disc is a well-marked vascular. vestigial pecten, shaped like 
a wickerwork basket. The animal can retract the eye enormously until it is sunk 
below the rim of the orbit ; at other times more than half the eye ~rotrudes. When 
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the eye retracts, the lids close together at the same, time, and the nictitarms is drawn 
half across ; at other times the latter is barely visible (2 millimetres only being seen). 
The i~ictitans and the Jids seem to act togetlner by the same nervous impulse, for 
I noticed when I forcibly separa,ted the lids the nictitans receded into the inner angle, 
and when I closed them the fold advanced haIf across the cornea, which was as far as 
it could go. The pupils are round, both when dilaied and contr?"cted. The i r i s  is a 

rich dark brown, No fibres were visible, but it showed traces of circular ridges 
overlaid by a thick coating of dark bro-rvlz pigment. Innumerable pores, quite visible 
to the naked eye, are scattered over the fi'olzt surface of the iris. The fiee border of 
the irk is covered at regular intervals all round the edge with a large number of 
n~inute tufts of brown pigment like tiny Corpora ~zxgra, which act as a screen 
when the pupil contracts. 

The eyes are more lateral in direction than h any otlner Mammal, with the 
exceptiolz of some %dents, being only t 5' from the horizontal (i.e., from a line 
drawn through the orbits). 

XI. MQNOTREMATA. (Plate 26.) 

Throrxgh the kindness of some friends in Australia I succeeded in obtaining several 
living Echidnas, and, after numerous fruitless attempts, ultiunately succeeded in 
exarninirlg the f~i~zdus, which W= of a uniform lavender colour with a chalky-white 
vertical oval disc, neither retiiial nor chorofdal vessels being disceruiL11e. The fundus 
thus closely resembles tlnat of some of the birds, hut tlnere is no trace of a " ppecten." 
The pupil is circular. 

The eye retracts, being squeezed back into the socket by the lids, and rolls 
inwa~ds, tlne acl;ion being rhythmic, and in every respect simiIar t o  which we find 
in the Edrntata and the Porcupines, Thc lens has the same concentric circles as in 
all the lower Rodents, the Edentata, and the Marsupials. There is no vjxible trace of 
a uictitating membrane, 

PART 11. 

Anyone who peruses the first part of this paper and examines the illustn*ations 
must be struck above all by the diversity of colour, suggesting, before any other, the 
question : What is the colour of the Fuxldus oculi due t o  1 

The vermilion-red colour of the fundus of Man, as well as that of the Rabbit and 
Guinea-pig, has been ascribed by many to the colour of the blood in the choroidal 
vessels, ancl by others again t o  the colouring m a t t e ~  in the retina1 epithelia1 layer." 
The brilliant  colour^ observed in the fundi of the domestic Ungulates and Carnivores 

See Lonrw~, ' Textbook of OphthaIuaoscopy,' vol. I, p. 48. 
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were attributed to the existence of a special choroidal structure, to  which the name of 
2'c~pctu,w~ lucidr~~m was given. A difference having been fourid to exist between the  
tapetun. of the Carnivores and that of the Ungulates, the former was termed" the 
Tapeturn celle~losunz and the latter the Tupatunz, jibrosum. According to our text 
books the colour in our own ayes is due to  the choroidal vessels shining tlzrough the 
epithelia1 layer of the retina, whilst the colour in those animals which have a 
Tapeturn lucidum is said to be entirely due to the reflection frcm this modified 
choroidal layer. 

This explailation is not satisfactory, and I have heard grave doubts as tc its 
correcti~ess expressed by some of our most eminent ophthalmologists ; moreover, an 
examinatioi~ of the accolnpanying illustrations wilI suffice to  justify my hesitation to 
aiccept the views generally held. 

The deep chocolate colour of the Negro and of the Anthropoid Apes might still be 
explaiized by the red of the choroidal vessels shining through the pigment layer of the 
retina, whilst absence of the retinal pigment might be held to account for the visibility 
of the choroidal vessels in the Albino. The fact, however, that in all the Monkeys 
lower than the Antl~ropoid Apes we meet with visible choroidal vessels, except when 
the etnimal is of exceptionally dark pigmentation, seeins to call for some other 
explanation, If the choroidal vessels C F I , ~ ~  be seen because the retinal pigment is 
tleficient, their vision ought to be defective as in the Albino, and not perfect, as it 
evidently is. Nor can I see that i;he appearailce which we meet witln in the Bats 
and Insectivora, in the fluricate and the Cynicfis among the Carnivora, and in the 
Suidz a i d  Camelid% among the Ungulata, or the appearance of the fundus in the 
Rodents and Marsupials, none of whicl-m have a tapeturn, can be explained in any way 
on the assulnptioil that the colour is due to the choroidal vessels shining through the 
retinal pigment Iayer. 

It likewise seeins difficult to accept the axiom that all those varied colours which 
we meet with in the Carnivores and Ungulates are due to tlne inlnerei~t colour of the 
choroidal Tapeturn lucidurn. 

Before recording the observations which I undertook to elucidate the question and 
the results obtained, i t  is necessary for me to refer to the structure of the epithelia1 
layer of the retina, a,nd of the chomid, both of which I have found to contribute 
largely to the colour of the fundus. 

As to the retinal pigment layer, I must draw attention to a paper, entitled 
" Observations on the Macula Lutea," which I published in the ' Arclnives of 
Ophthalnlology ' for 1895, 1 there pointed out that in Man the retinal epithelia1 
layer consists of a gelatinous mass of united hexagonal cells, in which pigment 
granules are distributed in a syxnmetrical manner, and that internally to this 
gelatinous layer we find a dense Iayer of acicuIar pigment crystals. These two 
distinct kiizds of retina1 pigment, the graizular and acicular, differ further, inasmuch 

* BR~CKE,  ' Muler's Archir,' 1845, p. 387. 
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as the former, embedded in the gelatinous portion of the retina, are incapable of 
movement, whilst the acicular crystals are capable of movement under the influence 
of light. 

I have since found the same two kinds of pigment in all mammalian eyes which I 
have examined. It requires an  oiLiminersion lens with a high ocular to distinguish 
clearly between them. 

It is from the careful investigations made by Dr. HTJBERT SATTLEPG, an  account of 
whicln appeared in v o ~  GRAFFB'S ' Archiv fur Ophthalmologie ' for 1876, vol. 22, 

pp. 1-100, tha t  nearly all our text-boolrs take their data regarding the histology of 
t he  choroid, and the nature of the two kinds of tapeturn, As I shall have to refer 
to the minute structure of the choroid, his descriptio1.r is here briefly surnmarised. 

Taking the layers of the choroi d from the retina1 or internal surface to the sclerotic, 
we have :- 

l. The Membrane of BEUCH (Lamina vitrea or Glassy Membrane)-a homogeneous 
layer except for its external surface, which under high magnification shows' 
a network of fibre-like lines, and includes irregular or polygonal spaces. 

2. The capillary layer or Choriocapillaris. 
3. A coutinuous membrane, or sub-capillary epithelia1 layer resembling the endo- 

thelial lining of the sinall veins. 
It i , ~  tclzis laycl- w k i e l ~  oonstitutes the Tmpetz~m cellulosicm of f he Cctr~zivorcs. 

4. Several layers of intensely fine wavy elastic fibres quite free from pigment cells. 
In these layers we find the small arteries, and the majority of the middle- 
sized veins. 

This is th,e part which in the Ungulates constitutes the Tcpeluqn Lfib~osum. 
5. The endothelial expansion. 
6. A large elastic tissue network containing numerous pigmented branched cells, 

known as fusca cells. 
'I. The branches of the large choroidal vessels lying between the last Iayer and s 

second similar network (8), this portion of t he  choroid being permeated by 
innumerable fusca cells, and occupying at least three-fourths of the entire 
thickness of the choroid. 

8. The elastic network also densely pigmented, referred to above, and resembling 
the sixth layer. 

9. The Lamina suprachoroidea. 
ARer this comes a lymph space, and then the densely pigmented Membrana 
fusca of the sclerotic. 

I ' lz is j~sca hyer Inz~st not be co~gfounded with kheJjlsca cells w h ~ h  permeate 
almost the en t i r~ ly  of the cho~r).id. 

The fundus in a healthy enucleated human eye appears slaty or brownish-grey, but 
by concentrated light it shows the same bright vermilion colour as that seen by the- 
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ophthalmoscope. When the vitreous is carefully removed the colour remains the 
same. When the retina is removed the colour of t he  fundus is unchanged by diffused 
light, but  with coilcentrated light, although still red, i t  is of a duller and browner red 
than the vermilion colour previously seen. If a of the choroid with the internal 
(retinal) surface uppermost is then Geed of retinal pigment and spread on a slide, i t  
shows with reflected light the reddish-brown colour once more, and we perceive a t  
once by means of the microscope tha t  this is due to  reflection from the f'usca cells 
which permeate t he  choroid. Evidently the ground colour observed by the ophthal- 
moscope ill ourselves and the anilmls which have no Tapeturn lucidum must be ascribed 
to light reflected by the fusca cells which permeate the choroid, modified by the 
retina1 pigment and the visual purple or rhodopsin contained in the retina. The 
retina1 pigment itself appears brownish-red by reflected light ; with transmitted light 
it is transparent. High magnification reveals two kinds of pigment, granular and 
acicular. The retina, including the hexagonal pigment layer and the pigment crystal 
layer, which lies internal to  i t ,  is evidently transparent in the same sense as a sheet 
of red glass. The membrane of BRUCH is also transparent, a i d  i t  is the fusca cells 
which first arrest the light. The choroidal pigment obscures to a greater or lesser 
degree the choroidal capillaries and vessels. 

Generally speaking, all fuxidi which show a red, reddish-brown, chocolate, or slaty 
colour with tha t  peculiar tralislucelit lustre which we notice in Man, owe their colour 
mainly to  the reflection produced by the cells of the choroid (fusca cells). 

The Lorides, Nycticebus, and Galagos, as well as all the Carnivora which I have 
examined, except the Xuricate and the Cynictis, have a 'Japeturn cellulosum, As we 
have seen, SATTLEB considers this tapstum as due to  a modification of t he  endothelial 
membrane or subcapillary epithelia1 layer situated immediately exterior to the chorio- 
capillaria. If we open the eye of any of the Carnivores and remove the  lens and 
vitreous and then the retina, the latter shows the same salmon colour as ~ I L  ourselves, 
bleaching mapidly like ours when exposed to  light. The fundus, devoid of retina, but 
having t,he retinal pigment still adhering to  the choroid, shows the brilliant colours 
previously observed with the ophthalmoscope, which, however, fade rapidly when 
exposed t o  light, especially to daylight. If prior to  their fading all tha t  lies on the 
membrane of Bltucrr is rapidly brushed away with a camel-hair pencil, the whole of 
the colour is likewise removed, the choroid presenting the appearance of an untamed 
opaque leather of a dirty-white washed-out colour. If what has adhered to the brush 
is placed on a slide and examined microscopically, it is seen to  consist merely of the 
retinal pign~ent together with fragments of the hexagonal cells. The acicular ~ i g r n e n t  
crystals, which are of the same shape as those found in the human eye, appear by 
reflected light, of the same colours which we observed with the ophthalinoscope 
before el~ucleation, and with concentrated light when examining the choroid before 
brushing them off. Even with high powers the microscope shows no trace of t he  
capillaries of t he  choroid, which seems very remarkable if the ol~acity is confined t o  
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the layer immediately external to the choriocapillaris, unless i t  be t ha t  the membrane 
of BRUCH is opaque in these animals. 

The opaque layer is very thin, as can be seen by teasing i t  with needles, wheii the 
densely pignlelzted vascular underlying structure appears wherever t he  opaque portion 
is torn away. 

I n  animals which have a dark brown, purple, or reddish peripheral zone, the bright 
coloured acicular pigment and the  opaque membrane only occupy the ceritral zoizes. 
I n  the peripheral zone, the inner layers of the choroid are transparent as in ourselves, 
and the colour is due to t he  reflec'cion from the f ~ ~ s c a  piginent cells. That is why 
choroidal vessels can never be seen over the central areaa, h u t  are frequently notice- 
able in the peripheral zone, which, in contradistinction to  the Tapetuni lucidum, has 
been termed the Tapetu~n nigrum. To see the colour of t he  peripheral zone i11 the 
choroid when laid bare, light must be concentrated upon it, otherwise it appears 
slaty. 

1x1 the Ungulates the case is different ; there also, the peripheral area, wherever 
seen with the ophthalmoscope to  be red, reddish-brown, chocolate, or slate, resembles 
tha t  of the Primates, inasmuch as the colour is due to reflection from the clrroroidal 
pigment, the internal layers being traxisparent. The acieular crystals removed frol-n 
the central area, viz., the Tapeturn lucidurn, have a colour as ill the Carnivores, but  
n ~ t  the colour which we observe with the ophthalmoscope, and once the retina1 pig- 
ment has bee11 well brushed away, we see tha t  the opaque Tapeturn lucidum remains 
beautifully coloured. The coloured retinal pigment bleaches by exposure to  light, but 
the tapetuln of the choroid, if kept moist or immersed in a weak (5 per cent.) formol 
solution, w i l  retain i ts colour indefinitely. 

In  most Ungulates which P have examined this opaque coloured portion ifJ of a 
brilliant blue ; in many, the ceatrai area is of a bright bluish-green. 

Therefore, whilst in the Carmivores (other than the Cynictis and the Huricate), as 
well as in the Galagos, the colour in the cexltral areas is due exclusively t o  the 
retinal p i p e n t ,  modified probably to some extent by the retinal visual purple, in the 
Artiodactyia (other than the Su idz  and Camelid=) as well as in the Equidz, t he  
colour of the central area is due to  the coloured retinal acicular pigment, lying on a 
highly glistening and beautifully coloured opaque choroid ; thus the dark green 
fundus of the Horse is due to yellowish acicular crystals lying on a structurally blue 
bwkground, the deep bn*own of the ~ e r i ~ h e r a l  area being explained by the colour of 
the ch~roida~l  pigment, t he  layer which is opaque over t he  central area being there 
transparent. The pale greeraiuh-blue or laveLder colour in the Goat, the bluish- 
green, and yellow zones of the Ox and the Cervidze, are all cornbillations of coloured 
retinal acicular pigment with an  opaque choroid, structurally blue or green, as a back- 
ground. 

I n  the Bats, and in the Rhinoceros and the  Proboscidz, the colour may be due to  
reflection from tlne retina! pignzent, without any underlying structural colour, and a 
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fiilnilar corzditiolz obtains in the Hy~tr ic ida  and the Edenta,ta. I come to this conch- 
 ion because the fuundi of these animals do not show the hrillia~icy of the Carnivores 
m r l  the Ungn1a.tef.1, but the appearance points to an opaque choroid. 111 the Bats t he  
colour is inore of a buff than a golden-yellow, a id  Inore of a  dull recl than a brilliant 
scarlet in the Hystricidz, whilst the Elephants and the Hymeidz have a dull ,stl-am- 
coloured fu~lclus, In the Edentattta we again meet with this dull chalky appe;tl.ance, 
which makes t he  red appeaT brick-like aizd half-toned. 

According to SATTLER, the Cetaceans have a tapetnm resembling that of the 
Ungulates. Among tlze Rodents, the Flying Squirrels evidently have a 'capeturn, but 
for want of material I have not been able to examine its nature. 

The Marsupials (except Petaurus, which seems to have a Tapeturn lucidurn) have all 
trailsparent retina1 pigment and transparent choroids free of clrroroidal pigment, and 
that is why we see the choroidal vessels so distinctly delineated on the bhck back- 
ground of the liixaiting memb~anes of the choroid and sclerotic. 

It is veyy remarkable that the stellate dots and similar markings, alf hough ascribed 
by SATTLER to choroidal mpillaries, have nearly always the same colour as the peri- 
pheral zone. 

Evidently a considerable amount of further rese.arch is needed to clear up many 
points connected with the structure of the choroid ancl the nature of the retina1 pig- 
ment, before we can explain in a satisfactory manner the great variety of c01om.s 
and the different degrees of transparency which we observe in the Fundus oculi. 'rile 
irnpclrtance of this from R physiological point of view i n ~ ~ s t  be self-evideizt. 

h a  to tlne actual C O ~ O U ~ ~ S  seen in the Fundus oculi, ahnost every shade of colour is to 
Ije found ; but if we classify them without taking gmdation into accomzt, anti nzerely 
consider the predominant colours, ~zeglecting tlze peripheral colotlrv in animds wit 11 
differentiated areas, we can distinguish three main types :- 

1 st. The Bed Type, including every shade of red, chocolate, 2nd hro~vn-grey. To 
this belong Man and all the Primates, with the exception of the Galagos ; some of t he  
Insectivora, the Suricate, and Cynictis ainoizg the Garnivores ; the Camelid%, Xtiidz, 
Rhinoceros, ant1 Hymcoiden among the Ungulates ; all. the &dents with the excep- 
tion of Pteromys (Red and White Flying Squirrel) and the Spotted Cavy ; the 
Edentntn, the Mars~l~ials--wi th the exception of the Virgitzialz Oposfiurn- an t i  

Echidna. 
2nd. The .Yellow Type, iizcludilzg all shades of yellow and orange. To this belong 

the Galagos amsizg the Primates; the Chilloptera, the F e l i d ~ ,  and some Mu~telidz 
among the Carnivores ; the Tapir and Elephaut~ among the Ungulates. The above- 
rnei~tioned Flying Squirrel and Spotted Cavy among the Rodents. 

3rd. The Grecuz ct+icl Yellow-green Type.-To this belong all the Carnivores, with 
the exception of those, mentioned, and all the Selenodonta, with the exceptio~a of the 
Goat8 aild Camels. 

All the animals which I have exarniized may be co~~sidered as capable of being 
VOL. CXCIV.-B. G 
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cI>~q~ifie<J. under one of the,~;e three heacls. It -~rfill he noticed tha,t the red end of the 
specttnlrn ia the commonest, next, the oi.nnge and jtsllo\v, a n d  t11eiz the green ; in 
otller ~vords, t l ~ e  colow7s becorile rarer in yr.opor.tin~z to their refrangihi l ity. 111 nn 

case tlo rye see n ulziforn~ blue ox* violet ft~ndus, dthouglz a deep hltre peril)her.ril zolle 
is to Le met 117itl-1 ill the Grey Mongoose (Herpates g~isezis), R lilac fuildus in tlls 
rioxnestic Goat, narrow purple int.ermsdiate zones among the Foxes ancl ,Tackalcr, ~13d 
scattered isolated blue patches aimong the domestie Cats, 

Concerning the occurrence of a Tapetum, it is obvious that it rna~;t be preceded ljy 
a, more primitive conditio~i, and the 7'. cellulosur-tz and T. fibrosum ~eprefiel~t, t ~ v o  
tlivergeizt annlogou~ types, both lying, as already described, in different lnyers of tlrr, 
chowid. It is therefore ~tlvisable to  distinguish a third \rind, wiz., 'P. obscuruln, i x ~  
those, findi in which the choroid has an opaque inner I%yer, but which is of a clull 
lustreless colour*. Such a fundus does not q u i r e  a rlfir~k peripheral zone to limit 0x1 

:~bsork, the teff ect,ious, :tnd it i~ therefore erniformIy coloured. The T. o'ascurum is thr: 
forerunner of the l'. fibroaum. It occurs in the Rhinoceros, Hyrax, and Elephsnt, fis 

wellasin the Hyxtl-icid* and Castolich. Again, theincipient stage o f the  T. cellu- 
lawm may he termed T, primitivum ; it occurs in some of the CBI'I~~YOI-;~, and v~r.inus 
%de.~zts, hut nccordi~zg t,o SAT'TT,EP, it is repr.@~elltetP (:lrltJhough  lob yet acting aH a 
tapeturn) Inz~llMauxu~~alsbytl~e first o r subcap iUaryI~~~r~r ,  I t  hecomes a t ap~ . t~r lnss  
soon as It is colnposecl of several layers, 

The references t o  tlzc vasculax~sation of the: retsinam, which c u - ~  bc; Iound i t i  i8he extcn- 
sive literature on the subject, we allnoat irzvariably restricted to  detailed deac~iptione, 
while no attempt has been made to  give a compre,hensive and coherent accotant of the 
phylogenetie development of this vaacularisation, GEGENBA.U.R,* for instance, restric.ts 
his accoulnt t o  the following sentences :-- 

"A. special retina1 vasculatisation begins with the Mamninalia; hut these vessels are 
not derived from those which perfomte the optic nerve and have ent,ered it on 
the occasion of the formation of the carpus vitreum ; they are derived from 
the posterior ciliary arteries, which (Pigs, Rurninaizts) thereupon have 
secoudn~ity becoine colznected with those central optic vessels. 'Che distrihu- 
Lion or spreading (sic) deve.lopment of thewe retina1 vessels remains at several 
stages in the various Mammals. In  the Horse they are restricted to  t.11~: 
neigl~bourhootl of the optic disc, leaving the greater part of the retina withotlb 
vessels. 111 the RlabX.)it they follow only the radiating bundles of the optic, 
nerve. In the Guinea-.pig. likewise oiily part of the retina is vmcularised." 

The supply of the retina is effected in various ways :-- 
I, TKDIRPXT SUPPLY, l-jy means of osmosis from the veaaeIs of neighbouring paris, 

* ' Verdeieh. Anak dcr VTirbelthiere,' 1898, p, 941, 
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A. Hgaloid Supply.--Here we have to distiilguish again between two cate- 
gorres :-- 

(a)  '1'1 kc Col.pas vitreuixl is nourished by a, processus falciformis, tilt! llyaloid vessels 
ly illg well inside the Corpus vitreurn (e.g. ,  Elasixobratlchs). 

(6) The 11yaIoid vessels sp~e:td over the surface of the  corpus vitreum, being con- 
~ e ! ~ l ~ e ~ l t l y  ill the ilnxntidiate vieitlity of the letilia (e,  y., llolosteous allcl mar ~y telc- 
o.rtcous fishes), and it is siglzificant that this surface distribution occurs i r ~  Teleostei 
:c~-t~olkgsk those which are devoid of a processus falcifLrmis. Hereto belong also thc 
Amphibia,+ and most of those lleptiles (e.g., Snakes) whiclz are devoid of a, pectel~, 
I I l he Malumalia, take up ail intermediate position. Their I-lyaloid vewels are ~estrictcd, 
\vitl~ sorne notable exceptiorls, to the h t a l  period ; but these are both surface ve~lxel~j 
; 11 ~d a central vessel, ~zame l~ ,  the Arteria hyaloida (ill rt restricted seitse) wliich, 
p ~ s s i ~ ~ g  through the corpus vitreuin, goes to the posterior surface of' the lelis ; iri this 
~.eslsl?ect it is at least aiialogouv to the falciform process. 

B. CJ~o~oidal Supply.--This is probably tlne chief supply of the retina ill those 
aiiimals which possess a well-developed pecteu (most Sarampsida), but  are devoid of' 
Y uper-fjcial hyaloid vessels. This chorotdaI sup1,ly by osnzosis is also with ~ertaiilty 
demcp~~stntted ill the Mammztlia for at least pwt of the thiekl~esa of' the re till:^. 

11. X)IRECI' SUPPLY. A. 17ro1ra Supel$cicd Hyaloid Vessels. -1'his is kuowll t o  be 
the case where the Iyaloid vessels are directly contiuued into the rvtiua, wliere h e y  
lwoduce two vascular Xayevs. 

B. I4-017~ Special Retilaal Vessels, cu Enziuati~zy in  the Arls~iu  ce.1 Lttmulis, --This 
1~1odt: i s  ~estricteil. t o  tlw Mammalia, urld certain atrakes, At least I have fbtand 
soverbcl such ret iilal vessels in HI jecimens uf Boa 13y tl1011 exaii~illcd 01111 tb:~ll~au- 
~ c o ~ ~ i c ~ l l y .  

I t is obvious that these t w o  IXI:LI~~ ei~tegories of the sources of' blood ~ i ~ p p i y  a,m 
HCII;, 01' ratlrcv eceqa uut ,  ;tltrri+.ys exclusive of each utller, 'i't~e oldest, the hyal.uid 
supply, is ill tlie Mal nlna,lia superseclecl Ity the syeci:~l r e t i u~ l  vessels, \v bicl-a t,hctii - 
nclves, ill s 1.uurldabout wai4y, are derived fro~rz those of' the cl~ar.oid:tl plexus. Of* 
course ttltil~lately all tlrruse vessels, illcludiilg those of' the hlcifbnrl process and of the 
yecten, site brarlches of the Arteria ophthalnzica interrra ; the hyaloid arteries as well 
as the choroidal plexus have entered the eye*cup together with the nlesodermal 
tissue. It is worthy of l rote that, exceptiug ill tlie vicinity of the Oi'il se~rata, no 
direct v~~scular supply ul' the retilla is kuown to  he effected by the choroidal vessels 
tlnemselves ; so far as their share iri ttlu retiiral supply is coneerrled it is: practically 
h h c t e d  entirely by osmosis. 

Restricting ourselves now to  the Marnmalia, we have t;he fbllotving stages of the 
gradual development of sl~ecial retina1 vessels, and srilzce, as we shall see, these stnge.8 

* 111 somc cascs oilly tlzc large ~~cuscle havc a, surface rlietriloutioi~ ; thc c<ipiIlc~ries x ~ t d  smallcr vessels lio 
I,r,l/!cert tlie bundles of the usr$ke-fibrc lttycr uf thc rolirl~t, as cur  bc well scct~ ill tltc cy c uf l hc  Amcrican 
bul l  h o g  with the tl~alrnoscopc 

c; B 



are exhibited throughout life by groups of ~ ; t m & l s  which represeut ascending Iitles 
from the lower to the higher orders a id  families, these stages themselves are of 
phylogenetic value. 

1. A.~zat~giotic 1kpe.-Anin~nls in wtLich the Ophthnlv~zoscops .~.cvernls no  2i.aces o ~ ' .  
SZ~ti?t~ll J'wse7.7. Since, iiz the adult., there are no superficial hyaloid vessels spreadilig 
over the Coq~us  vitreum, the retina1 supply is entirely dependent upon oslnoxia from 
either the Corpus vitreum or froin the choroid, always of course with the possible 
addition of lyinphatic sulrrply in the sheaths of the 1lel.vu bulndles olb fibres themselves. 
Sucln a~~ang io t i c  vessel-less eyes (to use L E U C H A ~ ' S  term) are those of EehidlliL, 
Pe~anleles lagotis, Dasypua, Hyxtrix, Castor, Chinchilla, Myopotainus, Pteropus, 
1Lliiilocel.o~ ; i.e., in repre~entat~ives of the lo~vest mammalian orders, llaxnely, Mo11o.. 

t reules, Marsupials, Edeutata, and Iiodeiitiu, besides a Perissodactyl Uilgulate ancl 
Chiropter:~, to which l ~ ~ t t e r  fitrther refkl-ence will be xnztde later on. 

11. Pseudung iotic Y'ypc?.---Iieti9znl ~iessets aye scnvce ill 2~~1171be~s, vely S ~ L O Y C ,  E I , ~  
r f  

.~riilautc?. l hey envanate horn the optic disc, and extevd only as f:;cr as the disc 01. ;L 

sburt distance beyond it. This is the case chiefly in Hyrax, Elephas, Tapirus, E ~ U U S ,  
Myrmecophaga, Phalangista, Belideus, Yetaurus, Perawleles obesula, Hypsipryrn~ius 
Uendrolagus, Capybara, CYceloger~y~, &via, ; i.e., summarised, ia the majority of the 
Marsupials, Perissodactyls, Edentata, and Rodent in. 111 Rorne of these animals, notably 
ill Mymn~ecophaga and Capybars, these vessels are so iniiiute aid shol-t that they 
might almost as well be put irlto the first group. They are ill fict intermediate 
hetrr~eeii, or transitioual from, the ailangiotic to the arlgiotic stage, aild may be called 
y}seudmlzgiotic, 

111, Angiotic Y'yp.-The retiyaal vessels are ual-ying calibre. They e~xawate 

li(ona lzuinerous trunks situated at or izeaa. the periphery of tlne disc, nlsd sprend ovey 

the g r e ~ ~ t e ~  portioal of the retix~t~. This is tlie case ill must of the Carilivora, nwst 
typically im the Pelidz, Vive~ridze, Mephitis, Meles, UTY id*, also ailzol~gfit Rodell CS 
ille Scimidze, Leporid*, aiid Myoxidz, The two latter are ill so far interxxlediate 
buttveeli tlie secolld aiid third group, as the vessels extellcl c~rily over a, small ~iurtion 

t' tlle retiliu, beilig ill the Leporidz restricted to the peculiar tmllsverse expai~vioii of' 
the white fibres of the optic Ilerve. Amongst the Carnivora, Nasua (one of tlle 
Procyonidz), Lutra, aild IZerpestes ~ze~ jdens i s  approach the next or &wm~lgiotic type, 

IV. Xetang io tic Type. --?'he retijaal ucsseb form a con~plete system. They einanate 
chiefly from the centre of the optic dkc, there beiug, 'besides smallel. more 1)e~ipherul 
vessels, oxle 0~ lrlore tYl,ica1 arter& arid veuct: celltrales. Tliis is the ease ill some of 
t i l e  My ornoq~l~a ,  a fbw Mal.supials, e.g. ,  Uidelphys aiid Dasyur us, Erinaceus and TaIpa, 
ill Borne Viverridz, ill tlle Canid*, Hy=nid=, the Artiodactyl Ungulates, and all the 
Primates. I n  the latter the vessels are most centralised, while in the others, 
especially in the Artiodactyls, there are still many sanialle~ and peripheral vessels, 
besides the prilici~i~l arteries and veins. 

liltermediate stages ace, of' course by uo means uncommon. The four types can Ire 
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taken oil1 as: representing the ilzaiii features. Ful-t her exalnil~ation SLOWS tllat 
;tlmoat every uiie of the main groups of Mammals has represeuttttives of two or more 
of these fi~ur chief types ; iu other words, some of the genera, aud even species, have 
ralli;~ine$ a t  a lower level than that which has been reached by others. This shows 
l ~ b i u l y  tlrat the vascularisation of the retina by special vessels has not been inherited 
by Manrmals as a class, but that it has been developed independently in t he  various 
~nain g~oups. Tl-ris is ureU exemplified by that large twsernbly of Ur~gulata in the 
~ridest  sense, begirlnirlg with Elephas and Hyrax and the Perissodactyls, aid eliding 
with the Itumii~al~tfi, which are the n~ost  highly developed of all the Ungulata. The 
Afsrsupids alld the Rodents show a similar parallelism. 

We see clearly that the srjecial retina1 va~cularisatiol~ begills with many mi~lute 
and shovt vessels ~ v h ~ c h  enter upoil the inner surface of' the retiua, in the periphery of 
the disc ; they are, in Fact, colztinuations of the vessels of the sheaths of the optic 
nerve. Whilst these new vessels increase i ~ i  size aud numbers, they assume a more 
alld. lrwre ceutral position, beconliug more deeply embedded within the nerve aid its 
disc, rintil some of them appear as typical central vessels, and their more ou tw~rd  
compal~iolls clisal~ywax fi-orn the surface. 

Sonle arrimals, c. y., the Cervidz, have multiple discs with a central vessel f i r  e;tcla ; 
allcl ill most of the Sciuromorpha, whieh have art eilorlx~oualy elongated disc, 
aiullense ~~uirihe~a of large tru111P vesaels einanate iu parallel lirles like the teeth of ;L corn L, 

' b e  lr1anllel. in which the retirlal vessels enter the eye has beer1 studied luy Voasiu~, 
:~rld the inanlier in which the larger arteries spread out from the disc t o  join the veins, 
slid their colme, hars bee11 described by LANGENEACHER in Mail, the Cow, Deer, Goat, 
Sheep, Pig, Dog, Cat, Horse, Mole, Rabbit, Guinea-pig, and Iht. HESSE investigatecl 
the liat,  W I L ~ K L M  Hxa the Xkbbit. The most elabocde paper is by Bau~s,'~* and this 
collCailzs also a list of the pupela of o t l ~ e ~  authors. They all deal allllost exclusively 
u p i t i t  the so-c~lled doniesticated anim~ls. 

As ;IL mle the veins and arteries are clearly dixtinguisllable by a diffell.euce ot: 
culoretiutl :&S well as of size ; xwboreover the larger vessels usually show a distialct 
11led;arl whitisll line, inoce marked in the arteries than in the veins. All the 
PvlyollzorE)ha have this streak exaggerated in the al.teries, ill some to such ail extent 
that the acteriee appear as pure white streake without a trace of red, whilst the veins 
retail1 their lake colou~. In some few animnals I have found it impossible t o  
distiliguisb between the veins a id  arteries, all the ve~lsels having the same diaxneter 
and the same vermilion colour by which we recognise arteries. 1 have found this t o  
be the ease in the Seal, the Skunk, aud the true Squirrels. In the Hedgehog and the 
Mule, and possibly in aoine of the other Insectivora, the arteries run from the disc as 
very minute vessels, losing thenlselves almost immediately in tlle substmce of the 
retina, while the veins are l a ~ g e  aald well developed, and extend to the Oca serrata, 

" "Vcrgleicl~el~de A11:ctum. Studien usher diu Ulutgekeusystein der Netzhaut," ' Zeitach. f i r  Vergl, 
A~~genheilk.,' vol, 8, p, 7'9, 
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'I'he 1runlLe~ of arteries and veius and their distribution v;crieu thrcluglb such wide 
li~llits, altd frequently to sue11 an  extent i l l  the salrie order, that I have so fiw nc~t been 
;cl,le to establish ally definite rule. I have noticed t l ~ a t  in all the Sirnix, except  M/aal~, 
tile vessels run a nearly straight course, and the branches ust~ally stal~d at 45' to tllc 
~uaill trunks. In Man they run a illore wavy course, and the brallches co~z~s  off in HI t 

irregular manner. The Artiodactyla l iave a, clnaracteristic vasculal~isation. TIN 
celltr:~l artery and vein each divides out into three main truilks, olle l~assing witli 
its colx~pauio~i veil1 straight upwards for solme distance before giving o f f  a number of 

l ~urimilt:tl branches, which agaiil give off branches which pass vertically do wn\vurds 
to digappear at the ~erlsitive area. Tlrre other two pass oblicluely dowi~wards 
outwards aiid downwards and inwards, sending off minute twigs towards the semlsitivt: 
area, from below, 

I r l  the Myornorpba and Sciurornorpha tlie vascularisation is very prolific. Ii,i tlie 

former the arteries aald veins, of which there are severr or eight of each, rLul in a 
strikingly straight course a t  equal aligles, resembling the rays of a, Starfish. 

The actual inode of' ~ ~ u ~ ~ p l y  of' the mtiwral layers by the special retillal vessels tlas 
hew ~tudied by SCHNELLER* ill an elaborate series of investigations. He hau ~cal-xlxncd 
1111 his collclusiowls as follows :-- 

I. Tine pigment epithelia1 layer of the retina is only llouri~hed hry the choriu- 
capillaris. 

2. The rods and cones are chiefly nourished by the cl~oriocapillaris, but in very 
slight degree by the retina1 vessels. 

3. 111 tile same ur~y the outer x~uclear layer receives its auj)l~ly, h u t  t u  i~ 11iur.c 

I u :ir ked degree, fi.01 n tl lt! ret inal vessels {capillaries). 
4 ,  '].'he relnk~iniilg L~yers of the retitla are ~~otwiel~ed by the 1.eiiriul v e ~ ~ e l s  a.Iur I c, 

r I L lie exterilal layers of' the vetilia are I ~ o ~ a i  ishcd by <)fi11lu~i~, the  c l l ~ r i ~ ~ ~ ~ ~ p i l l a v i s  
actiug ~ilerely in a vicarious lr~aiilrer fbr the retilr~l vessels. 

t t I IIL! i ~ ~ ~ l u ~ t ; r ~ l ~ t  fact i s  that the retina is nourishecl f i . 0 1 ~  twu suul.cen, tlre ontct, 
la5jte~>s Y till by the choroid, the iuiier exclusively by the special r e t i rd  vessels. 11 I 
this respect I quite agree with SCHNELLE~ ; oilly with regarcl t o  the actual exteirt of' 
the vessels into the retina I have to make an addition81 statement. In  Mau and a 
number of other Primates ( T ~ o ~ l a c l ~ t e s  lziger, Cercopitheczcs r n o m ,  Mucacuu 7-7lcs213, 

CpzocephLus /tnn.~uo/?yas, Galago ma holi), as well as h some of the Ungulates (Horse, 
Sheep, and Ox), Carnivores (Dogs aid Cats), and Rodents (Rats, Mice, ltahbitu, arld 
Guiilea-pigs), all the retin= of which I have examined ~nicrosco~ically, I have ibu~rrd 
i nvztriably that 1x0 blood-vessels are observable external to, i. C . ,  beyold, the o11 tet 

r l ~ l ~ c ~ l e c ~ ~ l a r  layer. I he large vessels lie exclusively in the nerve fibye Iaj*er, a d  tbe  
gaiiglion cell layer, Irnn~ediately the ir~xler ~llolecular 1;ysr ia passed we come to :L 
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n c?gioll in which only mcnpilhrie~ and fine ves~e l f i  occu~?, nlzc-1 this .;wgion agsin is stmlaictmly 
limitsrl hy td be outer r~~oleculfic layer, beyoncl which no vesfiel~ or capilia~ies can he 
I 1 9 1  othev t uods ,  the inner mobczdug* Emyev is a 73~1.7#~flicl* to the Zalge?. vessels; 
the o?ttela molecular Enyeg- ct bawieln to cdpildaries, t/2e latter being ~ O Z L I ~ . C ~  bel weea tlzr 
t w o  m o b c u l a ~  loye~s. Beyond the outer r~~olec~llfir layer the rsti~zal v m c u l a ~ ~ i s ~ i i a i ~  
cea Re#, arid evidently these external pal-ts depel~d for ~lourishinent upon osmotic ~ t i o i ?  
f ~ m n  the choroid through the membrane of BRUCY. 

The fact pointed out by ~ A W G E N B A C H E R  that the retina1 vesselrs of t he  Rabbit lie 
i tltlernai t o  the Membrana limikans interna, as in the Amphilnia, holcis good for all the  
T,epo~>idm, ant1 causes the vessels to appear to the opl~thaln~oacope as raised ridges, 
cv\1ic11 CRSG a Cii~ititlct sl~adow. As far as my observations have gone, the Chevrotnill is 
tile oizly alzimal outside this family which hm these retina1 vessels similarly raised. 

We have now to conaider the question, i11 connection with the contents of the izext, 
cll~apter (HI.), whether there are any traces left in the Mammalin which are indicative 
n t  a pre-maln~rndian stage of retinal supply, besides that of the emhyonic occurrence 
o f  t;llr: superficial and. t,he central hyaloid vesseL3. It ia wdl  known that in the l~un-tan 
oyc, i1-t cc~nt~~disCinctiolz to any other part of t he  body, the several h~anches of the 
~det,inal nr'teries clo not anastolno~~e with each other (and the  same holds gaoocl wi t11  

~~ega,rlrl t o  the vei~zs): excepting a few minute branches near the periphery. 111 a few 

rlare cases aanstornaxes have been oh~ervetl, both hetweeiz branches of the retiilal 
vesseI~l ant1 between the  vessels of the retina1 and choroidd systems, but tIzix i e  quite 
ahnorlllal. Now 1 f i r t i t  that those Ma,mnnaIs which have a cnmplet~! vascufari~;~tion 
hllow the same rule, ns regards thsence of nizastomnse~l of the nrt.erie~ as well ns tlic! 
veins. .But in seine o f  t h o ~ e  Man~rnals whicl~ have no vetinnl circula;tioi~, the vessels 
being restricted absolutely to t he  area of the d i~c ,  I have found a dense annstomosed 
networlr which forms a teriniizatinu .to what appears at first sight .to be an elaborately 
developed Arteria celztralis, Exceptioual as such a behaviour of retina1 vessels 
would be, it hacl t o  be put down simply as a curious exception until further extended 
ophthnlmascopio resenrch revealed the occurrence of such rt ceiztral rneshwork sitle by 
side with the occurrence of minute independent vessels radiating froin the periphe~d 
yo~tiolzs of the disc (Mawopz~s mela.lzopus, Hcrlmatu~zks brachgu~us, Pltascolomys, 
Zja6iyproctcc isthnaica, D. azayac, and D. agoz~ti), or both systems ot vessels were 
coiilzected with each other (Beldeecs and Petauruu). The mystery was explained by 
t,he Marsupials Pe~anieles Iagotis and 13yj~sip1yr'r1nzt~~ ~ufescens, and the Rodent 
~Wyuj~otccnzus coypu, which all being analogous, so far as the ~ e t i u a  ia concerned, 
possess an unmistakable pecten. In  the Kangaroo this organ is typically developetl 
and exte~tds to the length of almost the dialneter of the disc, directly into the corpus 
vitreumx. 'L'he same applies t o  Pernlfieles Zagotis, except that the organ is less co~~ical 
and is composed of a wider rneshwork of loops without a special cone or supporting 
hocly. Tn the Coypu the organ is rather broad, forming a complic>~ted basketwork 
of vessels, which hangs or falls over sideways, Tn every case it starts from n narrow 
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b ~ s e  at the centre of the disc. Smaller traces of ~ u c h  vessels reduced to low and 
 mall cufihions of more or less mossy appeai*ance occur in the Chinchilla ailcl i n  
Cmlogesyx. Now it is of tlne greateat importance for our attempt to underxtai~cl tlze 
true izzeai~ilzg of tlne conglomel*ation of vessels, that i1-i a fern cases they occur side Iny 
side wi tha  hollow cone, for instance in Castor alld Cavia. This hollo~vcone itself is 
easily understood. It i s  the ren113aiit of CL~QTJET'S canal, or rather the walls of this 
canal, whiclz served as the support or core of the central hyaloid a r t e~y ,  and both 
together, especially during fa ta l  life, when extending to the lens, are the hoinologue 
of that organ which appears in certain fishe~ as the falciform process. Both falciforln 
1)mwssaand hyaloid artmy differentiate illto capillaries only at the free end near the 
lens, the nourishment of which is their principal ob,ject. This falciform process after 
the loss of the hysloid artery often persists in Mammals, in the shape of a, dense 
fibrous cord of rather larger size in Ce.ruus poq.cin?cs, apparently also in Alactaya, aiid 
in Murida and Myoxid%. It has been observed as such abnormally in M m .  111 

others i t  takes the form of a hollow cone or trumpet. This is t he  condition origin~lly 
described by CLOQUET, and observed occasionally in Man, in Giraffus, Castor, Cavia, 
Pteropus, very long with multiple base in Sciu~ws palnzariun, sornetiines swollen out 
into the  shape of a bladder-like bag in the Ox ; or the cone itself has disappearerl, 
and the spot whence it sprung is sunk in and appears as the funnel-shaped " area 
Martegiani " (as in Bos, Elephas, and Capybam) ; lastly, the supporting cane, i .e . ,  the 
wall of CLOQUET'S canal, has disappeared, but the hyaloid artery remaiizs as n short, 
pulsati~zg vessel springing fl*orn the main trunk just after it pierces the disc, This 
t ~ ~ w  heell observed in Mail, and I saw it in a specimen of Castor. W herever this hynlcrid 
artery occurs it is not accompanied by a returning vein. It is obvious that this 
llyaloicl artery and its supporting cone cannot be the same as that conglomeration or 
I~asketwork or cushion of vessels observed in some Mammnlia, which we have 
homologised with the pecten of the Sauropsida, To call it a pecten or " comb," even 
in its fullest development, as in Hypsipryrnnus, is of course not strictly correct, since i i  
possesses none of the folds characteristic of the avian pecten ; but this is imnzaterial, 
since Apteryz mantelli poesesses a pecten destitute of folds, but which, notwith- 
standing, is ui~doubtedly a functionally active organ, and in every other respect well 
developed. Again, its counterpart in the Re~t i l i a  (where i t  is often called, or at least 
likened to, the processus falciformis) consists either of an eloizgated vascular plexus 
extending right through the Corpus vitreuln towards the lens, or it is much shorter 
and forms a few folds (Iguana), or it is reduced to a small conical basketwork process 
which contains a core (Chamdeo), (compare Rypsiprymnus) ; or i t  is reduced to a, low 
pigmented patch, colztaining only minute vessels FIA in the Crocodiles (compare 
the appearance of this with that in the Dssyproctidg), The existence of the core 
central in position is important, It is the remnant of the game supporting structure, 
including CLOQUET'S canal and the strands of the falciform process which has hecornc 
surrounded, bespun by the artery and returning vein, which forms the vasct~lar 
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r tzeshw~ark of the pecten. This is irl reality a detached 13orLio11 of the choroidal plexus 
which has got into the secondary eye-cup to nourish the Corpus vitl*eun~ ; but it 
receives its vessels from those of the sheaths of the optic nerve, and is now, at least 
in Birds, shut off froin the choiwid and retiiza groper by the optic disc. In the 
Af.aml~zalin this same basketwork of' vesaela (arterial and tt returning vein) does nob 
dways surrourad the Cloquet coue, it lies free, aside of it ; and when the Cloquet 
canal (a remnant uf the falciform process itself) is reduced or lost, there natura,lly the 

y,ectenH extends au a free, uilsupportecl basketwork into the vitreous body. 
'h sum up, the vessels of the fa,lcifo~xn process of Fishes and the central " hynloid " 

artery, wherever this occurs, are essential1.y the same. The f2lciforn.1 process and the 
pzcten, although both have found their way illto the Corpus vitreum tllroe~gh the 
choroidal fissure as extensions of the! ckoroid, are analogoufi and ~ o t  homologous 
structures. In Reptiles and Birds the hyaloid artery is superseded by a newr 
cleveloptnellt, vie., the X'ectinal system. In  soxiae of the lower Mamtnalia both 
systems actually occur side by side, but both are rendered unnecessary by the 
cievelopinellt of R third system of supply, viz., special retina1 vessels, which ultimately 
c;ulrnina,te in the possessioll of au arteria and veun centralis retinx. 

It is heyond the scope of this paper to investigate the questioll RB to tvl-rethel: the; 
Amghibia ever pos~essed the pectinal supply, or whethe~b they have lost it, Possibly 
t,hey, as rvell as t he  equally small-eyed Dipizoi, have lost the falciform process and 
pecterl, and the same applies to the likewise small-eyed and ~ ~ o c t u v l ~ a l  Echidnn, tlze 
only representative of Monotrernes 1 have had au opportunity of exax-niaing. The 
[~hserace of eveu a trace of pecteu in the Echidna does not nlilitate against its having 
Leewr. inherited by Lhe Mammals from their Reptilian ancestry. It is a frequent 
mistake to xssunze that, &ce the Morlotrelnes are  the lowest living Mammals, they 
111ust therefore Le the nlost primitive ill every respect. 1x1 reality they are highly 
specialised, tt~lci in some cases have ltlst every trace of low conditiol~. This is shown, 
for instance, by the under-jaw of the ~ c h d n a ,  the  audihai-y ousicleu, the teetli, and- 
comiag back to  whence we started--the eye, which is extremely small alrd reduced 
I)y ~rocturlzal burrowing life. 

The occurrence of rt pecten-like structure i r ~  the eyes of two of tlie lo~veet 
Mammalian  order^;, viz., the Maraupit~~ls and PLdents, is arlother band hetweera the 
M;t~.nnrali:~ ltlld Ileptilia, 

E v e ~ y  ophthalmologist who examines the ill~xstrations of the Ful~dus  oculi of the 
Mammalia appended to this paper, will surely be struck by the fact that some of tht: 
~loranal conditions obsw vshle ill certain t tn i lna l~  closely rese~n ble tho3o which 71re fiad 
i 11 Man :I-S col lg:.el~ital defbcts. l t' it Ilt: relnel llLeretl tllat col-tS,rel lit ;LI oculitr clefe,cis 

IrOI,. CXCLV. +-H. H 
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occur srlc~st frequently in those persoxls wile exhibit other signs of' abriol-~ml develop- 
m-wit;, such i ~ s  webbed feet or hands, t he  abseuce or increase o f  digits, the non-closurc 
of variuus f ~ t , a l  clefts, supernumerary nipples, ancl the like, tlze fact above statecl 
will be admitted aa some juetificatioii for considering congenital defects ans ~eversious 
c ~ f  bype. 

Of course, rrot every congenital defect of the  eye is a, reversion, if thereby be under- 
stood development arrested u t  a stage which is truly arzcestral t o  the aniini~l wllich 
oxlnibits the defect in question. In t l ~ e  cases we have to deal with, " atzcextral " is to 
meall. desoent within reasonable limits. A cleft palate in Man is of course a ca.se of' 
rtli.ested developnent, but it is 11o more ancestral than the  oceupi+ence of' webbed feet, 
toy tlie simple reawn that there is no nornlal Mainmal in which tl-le palatal boi~eh: do 
riot meet in the median line. It would be r a ~ h  to  confoui~d that which i a  norimal. ia u 
Lizard uritll wha,t in a, Mammd is obviously a malformation. 

Ab~~ormalitim of the human eye have, of course, been fiequentlg recorded, and it 
eapecidly STEPHENSON% who has tried to explain several of the mses to  be n~lentioxled 
pveseatly as ~eversion~s of type to the anatomical structure of the Zou~er vertebrates 

r l  b be cornnzoue~it slid widest known instance of a vestigial relic, a true erne of rever- 
siou if m~usually developed, is the Mernbmlm nictitans. 

I ,  Mewbrancc nict i tctns is reduced, as a yule, ixl. Man to the Plict~ semi-lunari~, 
Kuce~itly P have foui~d a case of an obvious nictiians iu a youtlrr, wbicIm I V ~ S  capable of' 
slight nzovement alid extended iu crescent form nearly as Fdr as the comes. 

F~oweri and Lunsxr~ml- have the followiug sentence : - 
" In  allrrast ~ ~ 1 1  Mammals below the Primates, except the Oetacea, a niotitathg 

inenhrrtne or third eyelid is placed at the inner corlzey of the eyeball, axtcl 
works hosizoaltally across tl-re front of the ball witltiu the t r u  t! lids. I t a  actio~l 
i~ i ~ l ~ t ~ ~ ~ h l ~ e o ~ ~ ,  beiug appa~erltly fbc the purl~ust: uf cleuxlirlg the frolxt. of tl ie 
t~~~,xlspart?xlt cornet-L, a fullctio~l mmecewsary ill ~~~ximals wliose eyes are I l ib i t :  
rrk~ll~ bc~tlxemd i l l  water, aud which in Mall and his llearefit allies is yerfonlled. 
by winking the true eyelids." 

F 1 I be above statement requires consideralle ~wrodification. A fully-developed nicti- 
tating membrane, active enough to sweep the whole cornea, exists onlg in the Ungu- 
tatc~,  azad not sveu throughout this Order, aiilce the Suidz a,xd Chevrokins, nltltlough 
possessing a nietitans ~noclerstely developed, rarely use it, a,nd then it ie not active, 
Throughout the Qarnivora and Marsupials it is much lees developed and usually 
passive, whilst throughout the Primates, Chirop tera, Pi~sect ivora, Rodents, ancl 
Edentates it i a  still inlore reduced and, with rare exceptions, ei~tirely ~ ~ ~ i t h o u t  n10ve- 
men t, The reduction in s i t  u within the order Ptinra;tes is gradraal, the liiotitaus I&g 
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,slightly less reduced in the Lemurs tha~z in t he  t rue Monkeys, a n d  in the latter less 
tbnu in Man, O~zly one of the Monkeys (Mctccl.cus spcciosus) is exceptional, in. that 
i ts  ~iicti  tans is capable of dight moveitlent. Lastly, t he  nictitax~fi is entirely wanting 
ii-t the marine Mal~~mnals, Sirenia and Cet.acea. 

Trz some animaLs in which the nictitans lzaa becon3e useless and truly vestigial, 
ar~otber protective contrivance 11% been developed in its stead. Tbe eyes c8.n he 
retracted into their woekets (as also in. va~ious othei- Mmlnzals by the Muse. retractor 
tlulhi), and, as fu~atlzer protective, there are two folds of coi~junctival tissue which 
come forward from both canthi to meet in the middle line in front of the cornea like 
a loose bag, aa the eye retracts. This is the case chiefly in. the Eclentnta, Marsupials, 
and Mon~otremse. 

Now conaidering that there i s  no land Mammal which does not wink the true 
eyelids, or eke 1.otate-s and ~etl*acts the eyes and theyeby cleans the corned surface, 
t>l~ess eyelids must be sufficient for this purpose, and this is especially obvious eilzcc: 
bhe majority of Mammals amre devoid of fi'uuctional nictitating membra,nee. Eve11 the 
Ungulata, in which the membrane is by fay the most developed ancl active, blink 
freely. Coi~qequently the primary use of this third lid, viz., that of cle~~ning the 
cornea1 surface, is lost within the cla,sa of the Mammalia, ancl. its preservation in the 
tTngulata cdls fol* a special explanation. 

Now the Ungulata alone are thosa which " graze " i n  the piaper sense of the worrl. 
They poke their heeds down illto the long and ~ h n r p  grass, while they are notoriously 
those which have ruost need of being on the alert for tile Cnr~liuores, their natural 
e n e ~ n i e ~  ; in fact, they ha>ve to keep their eyaa open all the time, and these are, irz 
:tcltiit.ioa, ra,fher large. The fully developed nictitnns protects the cornea from injury, 
ancl sweep with great mapidiiy over it and back again into its concealed position." 
That the primary object of this third lid is that of sweeping is obvious enough. 11; 

exi3t.r fully clfiveloped in all the lower classes of vertebrates, from Elassmbcanchs and 
hmphibia through the Reptiles and Birds, with a, fear special exceptions, e.g., Sn~z~kes, 
where it is lost for obvious reasons. 112 none of the lower vertebrata are the true 
eyelids capable of sapid movemelit; ; the upper lid remains stationary, while the lower 
alone moves upwards. This is even the cave in Birds, and it is olzly in the Mamnzalia 
that instanlaneous shutting and opening, or blimkimg, hm been developed. 

2. Tl~c qletrncto~ W H ~ S C ~ ~  of t he  eyebulb is oi  frequent occurrence, notably ~ I I  

Marsupials, Edent,xtes, Rode12 ts, and Ul~gulatea, i .e. ,  clniefl~ in the lower orders. 
Vestiges of suc,h ~nuscles in Monkeys have a,lready been recorded l ~ y  OWHN. 

3. Opaqzte h7e~vfi  Fib~es.-The most colmuon occurrence as a normal condition irt 
other aniinals of that which iu ourselves is regarded as a, collgenital defect, is a 
diminished transparency of the nerve fibre layer as it radiates from the disc. A slight 

* The fact that the Ant-cater alolle among thc Edentata (whieh 1 have examined) possesses a -rvcll 
developed nictitans wo111d lencl support to the above view, for if its hxhits he considerer1 it is obvions that  
ibs eyes especially require protection fronl ants a ~ c l  grib. 

2 
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degree of opa,cii;y is met  wit11 iu the Negroes and all dark-hairecl races, and iiz a 
n~trnber of Simiw, and we find semi- transpnrent nerve fibres rlistri buted throughout 
all the Orders. Opaque azerve fibres are most marke.d it1 some of the Rodemts, moye 
particuIarly in the Leporidz and in some of the Marsupials, such, for instal-rce, 8s tht: 
Pe~nnzeies kagotis, in which the fibyes are actually opaque alld not werely semi- 

transparent. 
All stages of partial and even total 0~3acity o f  the nerve fibres, extel~clii~g over 

areas whicln vary elzormously, occur colngeni tally in Man ; sometimes this does not 
affect vision, but anore frequently, and always in the opaque forms, givea rise to 
blind areas, known a,s scotomata, over the regions of the, visual field affected. As a 
rule these opaque fibres start fi-owrz the disc ; in all other cases they invariably follou; 
the course of a main arterial trunk; this is also the case rzormally in other Mammals. 

do P?uysiological Cu,p 47d C'on,genitul 19iscolo~*ation of the Disc.-Another congenitsl 
anomaly which very frequently occurs in Man is known as the physiological cup, 
whicla, howevav, nevsl' interferes wit11 vision. This is a, form of excavation of the 
~ y t i c  disc, oftell. very deep and of chalky whiteness, but limited, as a rule, to the 
central portion of the disc, the margin retaining its colour, and being on a level wit11 
the rest of the fundus. The retina1 trunks curl over the edge of this depressed cup 
to  reacla the retina, and in rare cases no central artery can be seen, The margin of' 
the disc, which remains normal, varies in width a,nd extent, and in some few cases the 
CUP has been observe(! to occupy the entire area of the disc. But for the margin, the 
physio1ogic.al cup can ensiEy be mistaken for that depression of the disc characteristic 
of glaucoma, a disease due to  increase of tension of the globe, In  the disc thus 
altered by disease the retina1 vesels likewise curl over bhe edge of t.he disc ; and the 
central artery, though present, is on a lower level. 

An appearance eilnilar to the pl~ysiologicah cup, y resenting a striking refiexnblaoce 
to the glaucomatou~i one, occurs as n nor111aE condition in all the Felidze and a consider- 
able number of the other Carnivora., and we also nzeet with it in the Flying Squirrels 
and some of t.he other Rodents. I11 all these animals the centraI vamular trunk 
is absent, being replaced by a number of large vessels which run between the optic 
nerve and its shentla, curling over the edge of the depressed disc t o  spread in various 
directions towards the periphery. 

In the Besrs w e  have an arrangement of vessels which cIosely rese~~zblea a 
condition which h* h e n  descrilner~ and depicted by J. B. I~AWPOR~' as occurring 
comgex~it,zlly in Mall. 

Lastly, undel. this head we rnay mention Iwth the white and grey discs, which occur 
r~onzlally in a number of animals widely separated ire classification, such a,s t he  Skunk, 
Hbinoceros, Porcupine, Asmnaciillo, and Echidna. 'Fhe same appearance i s  found i r l  

Mar1 as  a congenital abnormality xvitln normal vision. I t  i s  c~lled white carh grey 
atrophy o f  the disc; wrongly so, as i t  ought to be referred to i ts " cliscoloration," t l ~ c :  

+ ' T~ans. of the Ophthalmological Society,' vol. 1.5, Plnk 3. 



~rlo~.(l " ztrophg " Leil~g applicable only to the similar appearance8 c111e to a, clifiease of 
I lie optic tzerve which entails bli~ld~~efia. 

FrequentIy the grey or white coi~genitally discoloured disc in Man is ~urroulzdecl by 
ir, complete or partial hlack nr coloured ring, such as we meet with ixl a large ~zlarnher 
of animals, 

Tlne visibility of the ci*ibriform fasein which occu13s in the Suricate and some of the 
IJngulntes ia often found strongly m ~ k e d  itt Man as a collgelzital condition. It cloes 
not, impair vision 

Lastly, we meet in Mail with a disc no~rr~al in all respects, save that there is a deep 
cent~al  well-li ke depression with ~zearly vertical sides, looking grey by the shadow itJ 
causes. This colidition OCCUJX norinally it1 the Elephants and in some of thr, 
Rodents, 

5, Xt~?~ctzcres p~ot,vucl.iny from klze Disc into the Colyz~s uitveum. 
12. Pe9nsistmt Hycclaid A~tery .  -This coizgenital defect, which in ourselves i~ know1 I 

ns the persisbent Izyxloid artery, is fouizd allnost invariably in imperfectly developer1 
eyes (microplnthalmos), and very oftell in triplets and in twins,* in which latter cases 

{,he defect disappears about a week after birth. In the lower allirnals i t  occurh: 
riormally, not ai~ly in the Cow, as already poitzterl out by BRUNS, and nobably by 
FIETNR~CEI MOLLER, but 111 u I I  the Ruminants ancl a large rzulnber of Rodents. 1 
have found this relic in Man and the Primates occurring in three distinct forms, all of' 
which are ruditzentary. The first (see fig. 4, Plate 27) is n short pulsating cmcal vessel 
filler1 with blood, which springs fro172 the Arteria cetltralis retinz, described by 
tTa~~ov~:r-l,  -1- BRUNS,~ LIEERE~CH,~ HIRSCHRET~G,I/ and n number of other mri ters. The 
second (fig. 3, Plate 27) is a hollow trumpet-shaped tube, first described by CJ,OQUET, 
ancl known as the Canalis Cloquetti ; its base is attached to the disc, and it is free f ron~  
blood.?! A third form (figs. 1 and 2, Plate 21)  consists of a wlnite dense fibrous cortl, 
which also arises from the disc and termirlates either free in the vitreotrs, or is attached 
ljy two  or time threads to bhe posterior capsule of the lens. All three for~ns bavc. 
been fully cleac~ibed by various authors. 

B Vestiges qf n Pccten.-The typically tieveloped pecten of the Sauropida con- 
sists esxelltially of a vascular network, a bafieinent membrane, and secreting cells, f be 
latter being densely pigrnented and thickly covered with black pigment granules. 
Structurally it presents easeutialIy the anme  feature^ which we find in the ciliary 
processes of the choroid, and there cannot he any doubt tliat its fill~ctiolz i s  similar 

" Scc Scrwar, and ALT, " nisease~i of the Reti~m," in Nonnrs awl 01,rva~'s 'Bystern of Diseases of llic 

I<jc,' vol. 3, p. 420, which coutnins xn ~ d r n i r ~ h l e  :~ceor~nt of tIlefic ,zi~cl  othcr :~rio~u;clierl :u~tl foetal relics. 
-i. ' Daa Auge,' 1853. 
$ HRUNS, L Zeikcbr'ift vergloich. Anat.,' 1-01 G, p 17. 
3 LIRBREICIT, ' KTin. h~onatsl)litter,' p. 2.59. 
I} ' Ce~itralblatt,' p. 360. 
Yl See a. remsrkal,lc cxamplo of this in Ar,~'s hlnnograpb, P l i~k  3,  p. C.22. 
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t o  the ciliary pm"~s"fis~ viz., to secrete FI, fluid Fcir the nourishlnerzt of the vitreotl~ smri 
~~oi~hhoulmiltg structlltes, Its plicnterl form, so typical in R ids ,  i~ n, eoaztri varzcc t,o 
provide for a grmter secreting slirfa,ce, a,.; is the c ~ e  tile ciliary processes nf nl l 
E~iz~rnalfii.~"h is plication of the pecten. is not, however, nn essential characteristic, 
since the same organ exists in  many Reptiles aazd in some I l i 7 ~ l ~ d f i  W a very long 
vasc~ilarised bundle or basketwork stretching far into the vitreous body ; in  other^ if; 
is pear- 01' button-shaped, and al~ort,  as iln the Cha~rreleons, According to  OWEN,-I- 
the Apteryx is rellaarkalole being the n~lly Bird devoid of n, pecten, awitl '6. J. 
PARKER~ makes the: same ohsecvation, but adds t l ~ a t  Ize ha,s discave~~ed it in t he  
erlibryo Bird a,.l a col~icnl pigrne~zted prominellce arising f ron~  t.he optic disc 1-2 
xni11imetres in length. This is the only reference to ancl de~cription of this organ ill 
Aptwyx. 1 have examined ophthaIn~oscopically an adult living specimen of' Apte~ay ,K 

nacsr~tell i ,  amnd find that it possesses a ~vell-developed pecteln (fig. 21, Plate g#) ,  Its 
k~nss is trlxmpet-shaped, ancl covers almost the whole of the clisc, tlne margim being 
I~OSS-like. The process extends nearly as far as the lens in the form of a thick, densely- 
pigmented brown-black cone without plications. It i s  quite as Iaige in proportion to 
t,lle eye as that of Inany other Birds (e.g., Hparrow, Penguiu, Crane). It iu x func- 
tior-tally active orgall in i t s  most primitive form, a i d  ~esemhlw, only much more 
cleveloped, the pecten rnrIlic11 PAEKER saw in the  embryo. P t  occupies ,sal1 intermediate. 
position hetwee11 the vestigial pectens of various Mammals presently t o  be describer1 
(see ~ ? s ~ e c i a l l ~  fig. 20, Plate 28) and the fully developed plieated pecten in Birda, 

Rare cases have heert tlescrilned in Mall in which vessels have bee11 Heel1 p~otmndi~~g 
in to the vitreous fi-om the arteria centralis or its branches, and also vascular remrzan t s  

covered with pigment, hut the authors lxve not, attempted to  explain this occurrence 
(see Pl,zt,e 27). 

TII  some of the Rodelrts, more especially itz all the Agoutis, a, collicnl or h11 tton- 
shaped pigmeuted vascular rudimentary pecten is seen protruding from the centre of 
t he  ( J ~ H c  into the vitreous, bearing a close resemblatzce to  that seen in the  Reptiles 
(figs. l S, 19, 20, Plate 2 8). l u  a number of Marsupials, vasrcular protuberances from 
the disc into the vitreous occur in different forins. Thus in the Macropadirlz (fig.. 
l I, '12, 13, a,nd 14) we find a large vaf;culau cushion-shapecl protuberance resembling 
the tl&,lnrnns of a daisy, and h the Rabbit-eared Perainelen (fig. 17) and llat 
Ksnproo (fig. r G )  we meet with a delicate vascular basketwork rese~nbling that of 
Gkiain~leo, while similar forms occur in a rzuntber of other Marsupials in n less pro- 
i iounced degree. 

6.  Colobommta. - - E ~ t r a - ~ a ~ i l l a r ~  colobornatn do 1101; l i~uaIly occur in nr~imels, h . ~ ~ t  1 

" Trt~ac~mrt Cor,x,rxs demoaatrated mieroscopic~lly ~ u d  experirncrrtaily thc gl,z~zclul:~r function of thc 
ciliary proewes (' The Pathology of tbc Eye,' Lectures R,. C. S., 1896.) 

f IIThe eye presents a remarkable cleeviation from the eoiifitrr~ction which char~ckriseq the fcntl~erctl 
cIa~s, in the total ah~ence of the peeten or marsupinm." OV~EN,  ' Zaol. Soc. Trxns.,' v01 2, p. 2.57. 

j ' &y. Soc. Proc.,' vol. 42, 1892, p. 397, ancl Plate I? ,  



have ~~oticed theul in some cases as abnorlnalities airiotlg the donlestic :uiiiil:tls, 
cs~~eci:~lly ill tile Horse and Pig. The coloboana (Fvc~s '  Colohom:~), 011 the 
uther hand, due to illcomplete closing up of the choroid around the discj a corgerrel~itul 
('tefbct frequent irl Man, lnas its analogy in the white 01: coIoured scleral 1.ing \vl~ich 
we 1lorlnalIy meet with in a large ilumber of aninictls. 

7. Retinitis pipnentoscl.-Some observations wlzich l have lxlttde ill regard. tu  
Jietinitis pigmentasa, a disease which has been recognised as heirlg of cowlgellitat 
wigin,% m:ty prove of hiterest. It seems gene1 ally recognised that Retil l i t i s  pig- 
met~tosa, coizsixts of a peeulia~ change in the pigment layer of the retina,, wllich 
coinmences ix~  the leegion of the Ora sermta. The pigment gradually irmades the 
rstLw, spreztding iilsidiously and concentrically over it tosvards the ~nacula, There 
t~ll~ere this disturbauce of the pigmerrt occuaLs, which forms so striking an  appewa tlce 
mrith the ophthalmoscope, the sight disappears eoncurreiztly ~ v i  th it, so that the extent 
u f t he  invasion marks the limit of the visual field. 

S have noticed in cert.ain night ariimals, n lore particularly in the Gulagos alld 
Lorides, a, 'cletpirig-up of' pigment all around the periphery, which, seen with the 
r~~~litkxallnoacope, greatly resembles Retinitis pigrnentosa. Exl~osing a Gal;r,go t o  day- 
light For soint! months, I found it t o  go quite blind ; the invasion of the l~ig~nellt 
cu~llcl clearly he see11 to  advailce colzcent~ically towards the posterior pole, as I 11:~vu 
seeu the disease spread in Man. It is a well-know11 fact that Bears freyueiltly become 
Liind in captivity, owing to their being too much exposed to light. 

Althouglr in cases of Itetinitis yigmelztoss both day-blindness ltild night-blilld~less 
uecur, 1 thought that these ohervat io~s  on night animals pointed to  the possibility 
of awesting the insidious progress of the disea~e, of which blindxtefis is tlne invit~iahle 
tt.~.mil\atioi~, by shielding the eyes from the lnost active wys of daylight. A few 
atfsnnljts to do this by the use of spectruriz-blue goggles-glasses whicl, ullly 
t i ~  ismit the centre of' the spectrum, vix., the blue, giaeeu, and a ~ O L ' ~ ~ O I I  of the ye110 w 

~*;~jts--huve given encouragi11g results, and 1 am therefort! prssveririg in Ztllat 
cli~ectiou, 

8, Visible Gho~oidul V c s s ~ b  cmd Stippled C/~oroid.--lt is fieyuently tlne case 
that, when in the human eye the choroidal vwgels can be see11 with the ophthal- 
saaoseope, flight is not noraial over the area where these vessels can be discerned, 
Usually a fundus in which choroidal vesaeh are visible is not of the normal vermilion 
colour, but is either orange-pink in light-haired people, or' of a dull reddish-brown in 
the others. 111 all orauge-pink f~~nduu  the apace between the visible choroidal vessels 
is aonlewhat paler and leas orange than the rest of the fiuidus. l11 reddish-brow11 
fblrdi the spaces betweetz the choroidal veeaele kre of various shades of reddish-grey 
tmd occasiona.lly dark grey, or iiearly black. These extreme cases have been deec~ibecl 
as Choruiciitis, but I tliildr: that in Jlnaily cases they art: llot due to diseczee, h t  to  ik 
coilgoi~itul tiefect, since sornetimea vision is u~rial~p~i~erll. 1x1 I ~o am choruidd 

Sclicru~, ;i i~tI  A t ' r ' ~  Summary ill Nui:rtls i ~ ~ l < l  OrA~v~1:'s ' I ~ ~ S U ~ L S U S  of thc EYC',' vol. 3, 
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vessel8 visible over the macula, area, ]lot eve11 ill Albinos, althougl~ they A h 1 3pear very 
obvious XYOLII~CZ its margil~. All these appearall ceu fi nd their simplest explanntioxl. il L 

ciitXerent degrees of pig111ent;ctioll of the  vascu1a;tr layers of the choroid. In  t he  most 
cxtl-eine cHfiea the retina1 ~igmeii t  seenls to be discoloured a id  the choroidal pigment 
:tbsent, so that the black piginent of the Melnb. suprachoroidea ancl the Meid), 
f i~sca of' the sclerotic can be seen. The pigment of these layera, shining through the 
sparsely pigrrlented choroid, ;tccounts fbr the reddish-grey s of different densities 
ubse~-ved iii other cases. These coxlgexlital defect8 are reversioizs of type, as already 
i I I tile H ylobates (the Gi hbons) wt. meet with visible clloroidal vessels, artd these occul 

i 11 all the other Si~:fli= except those that have very dark skins. 
J'II u nux~lber of other Orders visible choroidal vessels occur, they being most lrlarked 

iu the Macropodid~ and some of the other Malsupials, which present the appearancc 
of red choroidal ves~els 011 dark grey 01' black grourlds observable in the most extreme 
cases of the arralogous congenital defect in Msu. 

?'he stippled appemJ;txlce wb iclz occurs in. the Pe.line Uoul-oucouli arid ill  the Leinurs, 
is also ucca,sioirally met with in Man, frequently accompallierl by visi Me choroidal 
vessels, aad by a gre~tel: or less impairment of visioll. 

9. &ctropiol~ OJ' the UVCCL-131'. STEPHENSON* hm given all exhaustive acoounl, of" 
t i l e  ectrupiou of' tlle uvea, ill Mali. He coi~cludea :- 

h '  I I  nppertvs tbe i~  that ectropiolk of the uvsa uzay stlo\v itself under tlzrec 
fbrms : - 

" 1 .  Nipple-like projectioli~ 011 the pupillary 11i;~rgiii. 
" 2. Pigmented particles lying free i r k  the anterior chambc~~, ancl 
' *  3. Cyst,s formed by the degexaeratioll of such pal-ticles. 

11 is ;L ~ni t t ec  of coal~itjoll k11owledg.e that at~~tonnic;.il fe'ea.to~es constant in the 
lutver, anilnals froln time to tilxae re-asssl-t tlleuiselves i l l  Man. '' 

r l 1 hell 13c n~eiitioliu, concelmnil lg the eye, ttls opacyue nerve fibres, rtud the l-rersisten t 
11 yaloid veusels :- 

" Lastly, ectropion of' the u vea is a coudition i1atuh1,l to the eye of the Horse a d  

~tllied auimala, aucl when occurrillg in Man iriust be regarded as a reversior~ iu 
type to  the anatomical s t ructu~e of vertebrates lower in the scale of creation.'' 

I cannot follow him to this extent. As to  the nipple-shaped projections from the 
pupillary margill, which occur as a cusigeilital ectropior~ of the uvea ixl Man, they 
;we fbuad normally along the upper and lower margi~rs of the iris in the Horse, and 
in t~ large smxrber of other Ungulates (see Plate 29), and they exist to a marked 
degree around the circumfereuce of the pupil ill the Marsupial Pwurnebs lagoti~'', 
MThere such features occur nol.mnally, they probably serve a, distinct plnysiological 
ptwpuse, and. l t l ~ i ~ ~ k  that sllalr uvcal ; L I ~  icidic lx~jcct io i l~  ~ r t :  all t ~ d d i t i ~ ~ v d  C C I I -  
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trivance for protecting the eye against glare. They occur nbcmally in those animal8 
~vhose l~orizontally oval pupils contract imperfectly to light, and Hyrax possesses an 
appendage to the iris of' definite shape and structure, and pec~diarly active, as already 
described iiz Part I., p. 2'2, and depicted in Plate 29. 

A further andogy is the flap of the iris of the Skates, which can be drawn down 
like a blind to shut the pupil. gut all these are scattered cases, althougli they uiay 
have hsd a wider distribution in the Klarnmalia; and considerirlg that no normal 
ectropia occur in the Si rn i~  or in the Lemurs, we are not justified in looking upon 
congenital cases ill Man as due to ancestral analogy, wlzich of course is 110 explana- 
tion, but it is certain that not every congemita,l hypertrophy is ancestral. 

In  the nnajorlty of Mammals the disc is circular, but even within the various orders 
we meet with certain exceptiom. All the Primates, Cbiro~tera, arid Insectivora, 
Edentata and Marsupials have circular discs. Awnong the Carnivora we find many 
exceptions, e . g . ,  Gynictis has a horizontally oval disc, whilst in tlne Wolf, Jackal, and 
Foxes we find i t  lozenge or kidney-shaped. The disc is horizowitally oval i11 most of 
the Artiodactyls, as well as in all the Equidz, but we find it circular in the Goat, 
Camel, Llama, Tapir, Rhinoceros, Elephant, and Hyrax. 

The disc lies either on a level with the retina, or is sunk below it, forming a kind 
of cup, a feature almost entirely confined to the Carnivora and Flying Squirrels, 
The horizontally oval disc is usually single, but it inay col~sist of two or three lobes, 
a peculiarity exclusively colifined t80 the Cerv id~ .  The S c i r u i d ~  are alone in having 
two  entirely distinct f o r m  of disc. The first: which includes the greater number of 
species, consists of a long thin tape-like disc often club-shaped at tlne ends, stretched 
horizontally across the fundus, and considerably above the axis of vision. T h i ~  reaches 
its greatest developmeut in the Marrnots arid Xperinophilus, iq which it extends to 
nearly half the width of the eyeball. The second form, trrhich exists in Sciur.da 
pcclmat 11911, and the Flying Squirrels, is circular and depressed below the level of the 
retina. La,stly, unique among Mammals, and reminding one of certain Birds and 
Reptiles, is the long verticalljr oval disc of the Monotrerne Echidna. In  some few 
cases the disc is covered with pigment (Cervidze, Tragula, Cynictis), and it is 
fkequently surrounded by a ring, black io the Primates and green in the Carnivora. 
In  Nail and all the Sirni~,  the disc is rosy pink or red, while in the Galagas it is 
black or green. 

Iri the Lemurs, Bats, &dents, Edentates, Marsupials, and Echidna it is chalky- 
white, reaernbli~g in colour the pathological conditiorl lrnown as White Atrophy, 

It is red or pink in all Artiodactyls, excepting Tragula, in which latter the disc is 
white, but covered with a dense brown moss-like network of pigment. 111 the 
Perissodactyla, Hyracidz, and Elephantid= the disc is invariably white or cream 
VOL. CXCIV.-B. I 
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coloured, the only excelskion being the E q u i d ~ ,  which have red discs with central 
patches of deeper colour. In the Hedgehog and Mole the disc is bright red. 

The greatest diversity of colour   rev ails in the Carnivora, viz., grey, brown, red, 
and various shades of buff and. white. In the Seal the disc is brown-pink, aur- 
rounded by a greexi ring. 

Thefie colours are obviously not due to the capillaries on or below the surface of 
the disc, to which the pink colour of the huixan disc ia generally attributed. Even 
with regard to Man it is difficult to accept this explanation. It has never been 
suggested that the atrophy of the disc coincides w i t h  the atrophy of the capillaries, 
which alone would account for the disappearance of the colour if the usual explanati~rl 
were correct. Further, when the human disc is viewed ophthalmoscopically by 
reflected sunlight, the pink disc always appears buff or serum-coloured. The presence 
of capillaries would still less account for the black or green discs of the Galagos, 
or the great diversity of colour seen in the discs of the Carnivora. 

V. THE SHAPE OF THE PUPIL. 

The shape of the pupil in the various orders of Marnmalia may be tabulated as 
follows, in order to save tedious repetition :- 

Circular pupils. clilati?~g {and confra,cting CO a tide : 
All &r 8irniz. 
Chiroptera. 
Insectivora. 
Most Carnivora, viz, : 

Most large F e l i d ~ .  
Viverridz (exc. Cynictis). 
Canidz (exc, Racoon-like Dog, Lycaon, and Foxes). 
Procyonid= (exc. Herpestes). 
EIya~idz  (exc. H. Striata). 
Ursidz (exc. Melursus). 

Some Ungulates, viz. : 
Elephas, Tapir us, Rhinoceros. 

Nearly all Rodents (exc. Coipu, Capybara, some Sciuridz, Marmots, and 
Cavid~) .  

Edentata. 
Marsupials. 
Echidna. 



O F  THE MAMMALIAN EYE, ETC. 5 9 

Slightly veriically oval pupils : 
Lernuree and Galagos, Foxes, Racoon-like Dog, Lycaon, R y ~ n a  8 triata, 

Melursus, Coypu, Capybara, Spotted Cavy. 

Ve~tical dit-like p ~ p i l s  dilating to a t ~ u e  c i ~ c l e  ov nearly so : 
A l1 remaining Felid~e. 
Pinnipedia. 

TPorizo?~ta.lly oral pupils : 
Cynictis, Herpestes. 
All Artiodactyls, Eyuidz: Hy racidce, Cetacea, and Sirenia. 
Marniots, Viscaicha, and a few Sciuridz. 

It will be seen that the pupils of the Cetaceaas are horizontally oval, having thus 
the opposite direction to t ha t  of the Piunipedia. 

This fact is possibly indicative of relationship of the Cetacea with tlne Ungulata, 
proved sufficiently on other grounds, while the Seals agree with what occurs in the 
other sub-orders of the Carmivora. 

I have found tha t  h~rizomtra~lly oval pupils do not act Bo mydriatics, myotics, or Iigbt 
with anything like the same rapidity tha t  we find to  he the case with vertica,lly oval 
or round pupils in all the orders other thaa tlne Ungulates. The pupils of the latter, 
whether round or ova,l, are a 1  remarkably insensitive to  light, drugs, or accommodation 
as compared with most of the other Mammals; nevertheless the pupil of every 
Mammal is affected by a solution of atropin, at first becoming slightly contlwcted and 
afterwards diluting to its fullest extent, 

Among the Ungulata we find a number of animals which have pigmei~ted excres- 
cences arising from the upper, and to  a lesser extent from the lower, border of the iris, 
in some cases forming a distillet and symmetrically designed structure, the purpose of 
which is obviously to diminish the vertical diameter of the pupil, and thus screen tlne 
otherwise abnor~naliy large pupil from glare. (See Plate 29.) Reference to  this has 
already been made in the first part of this paper (page 27),  as welJ as under the head 
of vestigial relies (Part  II., Chapter 111.). 

The shape of the pupil and tha t  of the disc seem to  colicord to  some extent, but 
the agreement is not such as to  warrant the elaboration of a definite rule, except in 
the case of the Ungulates, where i k  seems to  hold good to  a greater extent than in 
m y  other order. 

It may he added that,  unlike the Birds and Reptiles among which we find irides of 
the most brilliant colour and of every hue, the Mammalia, with the exception of Man, 
the domestic Cats, some Doge, and Albinos, have invariably iridea of some shade of 
brown or orange. 
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VI. DIVERGENCE OF THE OPTIC AXES. 

As already remarked, whenever 1 examined the eyes of an animal, I measured t h e  
divergence of the optic axes by means of a special instrument I devised for the 
purpose. This instrument', shown in the followir~g figure, consists of a bar, 013 which 
two graduated quadvan ts slide, each carrying a movable indicator revolving on it. 
In order to measure the divergence of a n  animal's eyes, the instrument was placed on 
its head imrnedia,tely above and parallel to the plane passing through the centres of 
the two eyes. The quadrants were moved so that the pivots of t he  il~dicatocs lay in 
the optic axes of the eyes. The indicators were then rotated until they lay along 
the axes, and the degrees read off on each side. The mean between the two readings 
was taken, and the number of degrees thus obtaiiied indicated the deviation from 
the nzedian line, or in other worde, from parallel vision. If" the indicators stood at 
right angles t o  t,he median line (iae., the line drawn through the vertebral column) 
the divergence would equal 9 0" ; if parallel to the median line, the diverge~zce would 
equal 0". 

GONIOMETER $ natural s ~ z e  

As already pointed out, the Sirnig, viz., Man and the true Monkeys, alone have the 
power of  convergence, and they alone have parallel vision when the eyes are in a 
state of rest. No other Mammal in. a wild state can converge, but 1 have seen 
domestic Cats and Dogs which have been taught, by repeatedly holding food near 
their eyes, to converge to some extent. 

The diagram on Plate 30 shows the  chief results obtained. On the left 
hand will be found the range of divergence between the various members of the 
orders takan as a whole, whilst on the right details as t o  families and genera are 
given. It will be seen from this that t he  higher the order, the nearer the axis 
approaches parallel vision, althougl~ the range in each is considerable, and each one to  
some extent overlaps the other. The extensive range observable in t he  Rodents i~ 
in harmony with the great divergence of type in the fundus of that order. 

In the Chiroptera, Edentata, and Monotrernes, the material examined was necessarily 
limited. 
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It seems surprising that Echidna should rank so high in the list of divergences, 

having only 25". There can be no doubt that divergence of the optic axes, combined. 
with a large cornea, is a great source of ~rotect ion t o  the a,nimals by the increased 
range of vision it gives them. In  Man, who has a medium-sized cornea, the extreme 
lateral range of vision for the two eyea together is equal t o  about 165", and for very 
bright objects, such as an  incandescent light, 175" to 180". Now ii: the Rare, 
gquirrel, and Octodori, which have a, divergence of horn 80' t o  85" for each eye, the 
field of view must at the very leafit embrace considerably more than double this latter 
angle, owing to the very large size of the cornea. H have estimated for the Hare the 
angle to embrace not less than 190' for each eye, the fields overlapping not only in  
front hut  even slightly behind. From experiments made on Squirrels 1 have proved 
that they can see an object approaching immediately behind them when the eyea 
are in the position of rest. 

VIT. REFRACTION. 

When examining the eyes of various animals I have in every case where possible 
made careful observations of the refraction of the eyes, bo-th by means of retinosc~py 
and by the direct method with the ophthalmoscope. As i t  would be mrearisorne to  
give the data concerning the refraction of each animal, B shall limit myself to  the 
statement of the general results arrived at. 

If we eliminate domestic animals, in which the refraction varies over considerable 
limits in all directione ~f error, we find tha t  throughout the Mamrnalia, with a few 
notable exceptions, vision is hypermetropic. Myopia ia exceedingly rare among 
aiiimalfi in a wild atate, but i t  is frequently met with, both with and without 
astigmatism, among domesticated animals, especially Guinea-pigs, Rabbits, and other 
Rodents kepi in confinement in small hutches. The only other animals in which 1 
have met with i t  as a persistent character, occurring in every species examined, are 
those of the genus Cynocephalus (Mandrils and Baboons) among the Primates, and the 
Seals and Sea Lions among the Carnivora. Occasionally I] have met with myopia 
in other animals (e.g., Sooty Mangabey, Syrian Bear, Cape Zorilla, Golden Agouti, 
Wild Ass, Llama, Dorcas Gazelle, &C.) ; but as in many cases i t  may have been 
aqcidental and not characteristic of the species, any inference is impossible. 

A slight degree of hypermetropia, i .e , ,  under l Diopter, Inay be said to be the rule 
tl.~rougl~out the higher Mamrnalia, whilst higher klyprmetropra, i.e., 2 D. to 5 D., is 
found in the wild species of the Rodents, the Edeutata, and the Marsupials. Simple 
ernnzr,t.ropiu, is raj be Ly nxct with ; indeed 1 u r ~ y  much doubt ~ u h t h e ~  i t  i s  c o ~ ~ ~ p u t i b l e  
with sight of m high degree of pe~ f i c t ion .  From examination of the vision among a 
large number of native youths from the Upper and Lower Congo, the Nile Valley, 
and the Niger Territory, 1 found that every one with vision beyond the usual 

6 6 ,  
standard of - or - waw hypermetropic to  at least '5 t o  '75 Diopter (manifest), an 
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amount closely corresponding with tha t  found in the great majority of the Primates 
and Carn: 1 vores. 

Astigmatism in a small degree, i.e., between -50 D. and 1 D., likewise occurs 
sporadically throughout the orders ; the S i r n i ~ ~  a number of the Carnivores, and 
Rodents being practically free from it. On the other hand, it occurs almost 
universally in the domestic animals, and throughout the Ungulata, the Cetacea, and 
all Mammals below them. 

The eyes of amphibious and marine Mammals are adapted for vision under water in 
two ways. In the first class, which comprise all the fresh-water amphibious Mammals 
(e.g., Otter, Beaver, Water Rat),  the eye resembles in its refractive power tha t  of 
strongly hypermetropic land Mammals ; but  in order to  compensate for the loss of 
the refractive power of the cornea when the eye is submerged, the ciliary n~uscle is 
immensely developed, and the aicco~nlnodative power proportionately increased. 

I n  the eyes of the common Otter  ( l , u fm  I J I L I ~ ~ I ' Z S ) ,  which 31 carefully measured, 1 
found the wtigmatism nil, and the manifest hypermetropia 4 .5  D. 

In  the second class, viz., the marine Mammals, not only is the ciliary muscle greatly 
developed, but there is always a large area of the cornea which is flattened in the 
horizontal meridian, producing an  extraordirzary degree of astigmatism. According 
to MAWHIESEN,* who has examined the different species of Whales common to the 
Arctic coast of Norway, they all possess cornea1 astigmatism of between 4 and 
4.5 Diopters. 

In  other marine Mammals, such as the O t a r i i d ~  and Phocidz, I found astigmatism 
invariably present, as in the Whales, but to a still more marked degree. The common 
Seal (Phocn, ~:itulina) and the Sea Lion (Otcr~icr j%tbcr,tu) both have a myopic refraction 
of 4 niopters in the vertical meridian and 13 D. in the horizontal meridian, the 
difference of 9 D, being an amount of astigmatism practically unknown in Man. 
The pupil of these animals contracts to  a narrow vertical stenopaeic slit. which entirely 
corrects this difference. 

Wi th  the exception of a paper by R.  BERLIN,^ no attempt has been made to  decide 
whether animals really have binocular vision. H e  concludes tha t  binocular vision 
exists hecause of the faculty of judging distances. This alone would hardly be 
sufficient evidence. Binocular vision is no doubt a complicated reasoning process 
acquired from experience, as we can infer from the apparent absence of this faculty in 
children, and we have no evidence tha t  i t  is absolutely necessary for accurately 
judging distances, as animals which have lost the sight of one eye do not seem to be 

* ' Zeitschr. fiir Vergl. Augenheilkunde,' vol. 7 (1893), p. 77. 
t " Ueher die Schatzung der Eutferrlungen bei Thieren," ' Zeitsehr, fiir Vergl. Augenheilkunde,' part 7, 

1893, p. 1. 
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any worse off in this respect. It aeelns asif all Ma,mrnals have binocular vision, but 
that they do not rely entirely on it. 

I t  is a remarlrable fact that, if we except Man and the Sirnie, Mammals very rarely 
move their eyes for the purposes of vision. When they wish to look in any other 
direction than the primary one, they move their heads insted,  This not oilly places 
them in a more favourable position as regards attack or defence, but the rnovenient of 
the head seems a simpler rnotiorl than that of the eyes, so that i~otwithstanding the 
high development of the ocular muscles, the former motion is alone resorted to until 
the stage of convergence is reached, and this is CO-existent with the macula. The 
macula is a peculiar highly-specialised modification of a minute portion of the retina, 
situated almost exactly in the optical axis and line of direct vision. Ophthalmo- 
scopic examination has proved that Man and all the Simiz watllo~rt exception 
possess a n~acula and a circu~nscribed macuIa area (the apace bounded hy the reflex 
ring, ride Plates 1, 2, and 3), and they are not to be found in any other Mammals. 
Moreover, Man and the Sirniz alone are capable of convergence. It is therefore 
obvious that since the angle of acute vision only subtends 4" to 5" for each eye, 
binocular vision for near distances can only be obtained by convergence. From the 
Lemurs dowliwards in all the other Mainrnals, except Simiz, l~ahitual convergence 
ceases, and the macula is absent, but in its stead we find a larger se~lsztizv ar'ea. It is 
i x i  most cases impossible to depict this area even roughly by means of the ophthalmo- 
scope, since, except in the Ruininants and Carnivora, there is never any alteration 
in the colour of the fundus, or marked absence of retina1 vessels to serve as guides 
in locating it. CHIEVITZ* examined the eyes of' some twenty Mammals, and 
SLONAKEEG~ has studied others, so that we know the occurrence or absence and 
extent of the sensitive area in upwards of fiRy different Mammals belonging chiefly 
to the Sirniz, and the more common Ul~gulates, Rodents, and Carnivores. This list 
I have been able to supplement by a number of exotic forms. 

The Simie all have a clearly-defined macula and usually a well-marked circular 
reflex ring, limiting the rnacula area, and containing in its centre the foveal pit. 

I n  the Prosimiz we have on the outer side of the disc, in the position which the 
macula occupies in the Simiz, a portion of the retina devoid of vessels. Although 
this region is of the same colour as the rest of the fundus, the absence of vessels 
points t o  its being a sensitive area, larger in extent than the macula region. Where 
the sensitive area can be in the Bats I am not able to say ; nor have I any clue as to 
where it inay be in the Insectivora, although it1 them there are portions of the retina 
which are devoid of blood vessels. Among the Carnivora, the Seal, the Suricate, and 
the Cynictis show no indication of a sensitive area, hut in all the other Carnivora the 
ceiltral sen~ikive area is distinguished by a distinct difference of colour, mostly a 
dazzling golden-yellow, and by a striking absence of vessels over a distinct zone which 

* " Ueber das Vorkommen der Area Gentralia Retins," ' Arehiv fur Anatomie,' 1891. 
t " Comparative Study of the Area of Acute Vision in Vertebrates," ' Journ. hlorph.,' 1897 
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liea just above the disc and on the posterior (outer) side of the axis of vision. 
CHXEVXTZ, by microscopic sections, has located the sensitive area of the Setcl, the Cat, 
the Badger, the Marten, and the Dog, as a small round patch irnrnedtately posterior 
(i.e., external) to the optic disc, while in the Common Pox he locates i t  in the angle 
formed below thc disc by the two descending main vessels. Among the Ungulates, 
the Suids have a serlsitive area diagonally across the fundus. This zone, devoid of 
vessels arid discernible with the ophthalnioxcope, corresponds to that determined 
microscopically by CHIEVITZ. In  the Selenodonta the sensitive area is well marked 
on both sides of the disc and immediately above it, bisected by the mail1 meending 
artery and vein. In the Cavicornia other than Capra, and in all the Cervicornia, the 
sensitive area has a distillet " rosy " glow ; wliilst in Capra, the Camelid*, and the 
Tragul id~,  the sensitive area is well marked by the absence of vessels, but there is no 
distinctive colour. In  Capra, I find the area imoye or leas round, and iiot stra,tifornl 
as in th'e other Selenodorrta. In the Perissodactyla and the Proboscid~, ~ lo  trace of a 
sensitive area call be seen. According to CHIEVITZ, the sensitive area in the Equids 
forms a Froad lzorizontal band immediately above the disc and peripheral zone. In  
the Rodents, other than the Leporidz and the Hciuridz, we have lio indication of a 
sensitive area. In theae two families it extends right across the fundus imnzediately 
below the disc. In the Leporide we find an absence of vessels over the sensitive 
area. In  the Sc iu r i h  the sensitive area could be loated orily by the photophobia, 
caused by coiice~itratir~g the light on this particular region, and the increased bright- 
ness of the reflex. Photophobia ouly gives some indication of the sensitive area in 
the Insectivora and the Edentata, the Marsupials, and the Monotremata, in which it 
seems to be situated very near the disc, ancl to be very limited in extent. The distress 
of the Insectivora and Edeatata when I directed the light from the ophthalmoscope 
close to the disc was especially marked. 

To sum up : Selisitive areas of restricted dimensions, omitting those cases in which 
the area is limited to a macula, exist in the Caraivora, in which order the divergence 
is not great. In the 'Ungulates, Rodents, Edentates, and Mawupials, where we find 
great divergence of axes, large cornez, and nearly spherical lenses, the sensitive 
areas are larger, and probably the degree of difference in ~ereeption over such areas, 
compared with the more periphera1 parts, is but little marked. This leads to the 
colisideration whether binocular vision is possible without convergence, even in animals 
with a great divergence of the optic axes. The great extent of their sensitive areas, 
the shape of the often large puFil-especially the horizontally o n 1  pupil-and the 
refraction, favour this hypothesis. Hereto comes allot her fact which I have observed, 
viz., that the cornea i s  much larger in those animals which have a divergence of more 
than 503 or 60". In  addition, these animals have nearly spherical lenses. Evidently 
these latter facts are of much greater importance than the size of the pupil, as we 
know by aualogy with a camera, that the size of the stop does wrot affect the field or 
angle of view, which is solely dependent on the shape of the lenses in the combina- 
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Lion, and their proximity to  each other, and to the diaphragm. It is evident that the 
increased size of the cornea will allow rays of much greater obliquity t o  be refracted 
into the eye, and a spherical lens will diminish the distortion produced by the focus of 
those oblique rays, and tha t  all the more, since the image is received upon a surface 
nearly equidistant from the nodal points. In our eye, possessing o ~ l y  a small angle of 
acute vision, a, blurred image produced at a point near the periphery is of ao conse- 
quence, but in the case of those animals which have a widely extended sensitive area 
and need to  see all round them, a sharp focus for peripheral rays is of much greater 
importance. 

Xt is obviously beyond the scope of this paper to attenzpt any theory of vision or of 
colour perception, or even to see to what extent the facts which we have recorded 
csn he hrougbt into lnarmony with existing views. It will not be possible to  do more 
tlnan call attention, and tha t  only in a very cursory marlner, to solrie few among many 
points which lnave specially impressed me in the course of this work. 

I n  ref'erring t o  a number of our text-books I have been struck wit11 the difference 
between tlne explallation given for the oplnthalmoscopic appearance and the descrip- 
tions of the eye which underlie the theories of vision. In  the first instance we ace told 
tha t  the ophthalrnoacopic image is due to  reffectio~~ from the chorc~id and its vessels, 
whilst on tlne other hand we are told tha t  the impinging light is absorbed by the 
lolncls opaque epitlnelial layer of the retina. Now it seems to  me tha t  reffections from 
the choroid can only he seen if the epithelia] layer is trsnsparellt, or a t  least trans- 
luceilt ; and if this is so, the light is not absorbed by the epitheliaJ layer, but we see 
by reflected and not by incident liglnt, unless i t  he tha t  both play a part in vision. 
In  the last edition of HEL~IIHOLTZ'S ' Pbysiologifiche Optik ' the view is expressed 
t'hat we see botln by incident and reflected light ; and, according to BRIJCICE, the 
reflection has the effect, t ha t  the light which has struck the sensitive elements of the 
retina by impinging on them, strikes and affects them again on its return, a t  least ixl 
those eyes, he says, whicln possess a Tapeturn lucidurn. NOW we have seen tha t  in 
eyes which have no tapeturn, the membrane of B ~ u c s  and the internal layers of the 
choroid are  transparent, and tha t  the epithelial Iayer is very translucent. W e  have 
see11 tha t  in eyes whicln have a Tapetuln cellulosum, the inner layers of the choroid are 
opaque and colourless, the colour heing exclusively due t o  the translucent epitbelial 
pigment crystals. Lastly, we have found tha t  the Tapstum fibrosum consists of 
certain layers within the choroid which are structurally coloured, t he  colour being to  
some extent modified by transIucent coIoured epithelia1 crystals. I venture to  think 
tha t  these fwts must be taken into consideratiolz in forming any theory of vision or 
colour perception. 

Having had occasio~i to  study the work of LIPPMANN on C O ~ O U P  photography, I 
could not help being struck by the similarity of his device and the conditions which 

VOL. CXC1V.- B. K 
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I found in the eye. He  obtained negatives in natural colours by placing a reflecting 
mirror or mercury trough behind, and in direct c ~ n t a c t  with the sensitive film of the 
plate, thus reflecting the light which had passed through the translucent film on to 
the particles of silver bromide, the colour effect being obtained by interference. In the 
eye the light seems to pass through the translucent retina (which ma,y be compared to 
the sensitive film) and to be reflected back by the choroid, or by the Tapeturn lucidum, 
through the sensitive nerve terminals of the retina (which are analogous to the 
particles of silver haloid). If we venture to  carry our analogy still further, we may 
presume that we owe our colour-sense to interference also. The difference between 
LIPPMANN'S method and that of Nature, however, is that in the latter the reflecting 
surface is always coloured, and reflects incident light of different wave-lengths 
unequally. In ourselves red and orange are reflected to a greater extent than the 
other colours, and they are certainly the colours we see furthest and best. 

Now we have seen that we do not meet with blue or violet in the Fundus oculi 
except in small patches, but only with the less refrangible colours. In the Bird the 
pigmented oil globules of the cones are likewise red, yellow, or green, and never blue 
or violet. The blue structural ehoroid of the Tapeturn fibrosurn is always tempered by 
the overlyirlg retina1 pigment, so that in the Ungulates which have this tapetuln we 
do not get blue or violet fundi, with the sole exception of Capm, and even then it is 
mixed with red or green, so that the fuxrdus is mauve or greenish-blue. 

The fact that a very large number of nocturnal animals have golden-yellow, or gold 
and green, fundi, and that we find green fundi in the Carnivores which prowl at dusk, 
seems well worth consideration, especially as it is well known, that after nightfall, or 
in very dim light, all colours lose their distinctiveness and appear uniform, with the 
exception of yellow and orange. 

I am not able myself to  bring the colours I have-found in the Fundus oculi in 
harmony with the three-colour theory, although possibly some relation may be found 
on further investigation. 

The existence of a dark peripheral area, a so-called Tapetum nigrum, wherever we 

have a highly-reflecting Tapetum lucidum, seems to point to the necessity of preve.nting 
reflection beyond a certain area in order to avoid blurred images. I: very much doubt 
whether any sight exists over the area of the Tapetum nigrum, especially as the latter 
never occurs in animals having a high degree of divergence, which is indispensable to 
a great range of vision. 

The specially sensitive area in the animals having a tapetum is invariably found in 
the central zone, which may have the function of a greatly extended macula. 

The eye is no exception to the rule, that domestication greatly increases variability. 
The colour of the Fuudus oculi of the domesticated races differs not only from that of 
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the wild species, from which these races are supposed to be derived, but the colour 
varies also individually, an occurrence almost unknown in wild specimens. In  the 
Ungulata, notably the Horse, Ass, Mule, and Cow, the variation is far less marked 
than in the Carnivora. In the Carnivora, with their dull grey Tapetum ceLLulosum, 
the colour of the fundus depends entirely upon the retinal pigment, aizd this colour is 
t:asily susceptible to variation by domestication and interbreeding, whilst in the 
Ungulata the colour of the functus is mainly determined by the Tapetum fibrosuln 
which, being choroidal, remains practically unchanged, the altered retinal pigment 
determiningq but a slight change of hue. 

The Dog shows the greatest amount of variation, in conformity with the almost 
endless races into which this pliable genus (or perhaps several genera, i.e., Wolves, 
Foxes, and Jackals) has been modified by domestication and artificial selection. The 
tabulation of the ophthalmoscopic results, based upon a large number of Dogs, with 
due regard to their individual pedigrees, might enable us to obtain a reliable guide as 
to the purity of the breed of any given example. 

NICOLAS and FROMAGET* have classed the ophthalmoscopic colour of the Fundus 
ocuLi of the Horse according to the colour of the coat of the animal, but t,heic results 
would probably be more conclusive if the examination were undertaken from the 
standpoiilt of racial difference. 

The influence of domestication, which is merely forced life under new-often 
unnatural-surroundings and conditions, is also well indicated by the frequent 
occurrence of myopia and astigmatism, which we find most prevalent in the Horse, 
and most marked in the Rabbit, especially if we compare the latter with the high 
degree of hypern~etropia in the Hare. This myopic condition probably receives its 
explanation in the small dark hutches in which these Rodents are gelletally confined. 
Myopia is almost unknown in wild animals, but it occurs in wild specimens which 
have long been kept in captivity. 

XI. THE OPHTHALMOSCOPIC APPEARANCE OF THE FUNDUS OCULX AS BEARING ON 

CI,ASSXFICATION. 

HAECKEL, in his ' Systematic Phylogenesis,'t. remarks that the organisation and 
developtnent of the eye in the vertebrates is, so far as their phylogenesis is concerned, 
of very limited interest. With the material at his dispo~al he could ilot have come 
to any other conclusion. Comparative ophthalmology is rece~zt, and no attempt has 
yet been made to arrange the facts hitherto ascertained with a view to generalisation, 
and of testing their taxonomic and phylogenetic value. I hope that the observations 

* ' Ophtalmoscopie VAtBrinaire.' Paris, 1898. 
t V& ' Systematische Phylogenie der Wirbelthiere,' ERNST HAECREL. Berlin, 1895, p. 127. 
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axtd cor~clusions I-ecorded in this paper may serve as a first step in that direction, and 
that although incomplete they may prove useful. 

I am fully aware that no sound classification can be based upon one single organ, 
but it is also certain that this is the only way in which the taxonomic value of an17 
organ -in our ease the eye-can be tested. Comparison with standard classifications 
will reveal discrepa~zcies, and these will then have to be sifted and accourited for. 

The striking concorda~~ce which I have found between an attempted arrangement 
of the Malnrnalia according to the Fundus oculi, and the most modern classification, 
renders it -worth while t o  consider the points of difference between tl~em. 

Anyone who peruses the first part of this paper and examines the illustrations will, 
I am sure, agree with me, that the results obtained afford yet another striking 
testimony in support of the theory of evolution, and the existence of ancestral forms 
from which the various bral~clnes have differentiated. 

The leading features presented by the Fundus oculi are : First, the vascularisation. 
Accordi~igly, the Marnrnalia can be grouped into Anangioida, i .e . ,  without vessels, and 
Angioidaj i.e., with retina1 vesse,lsj together with an intermediate group, which I 
propose calling Pseudangioida. Secondly, the existence or absence of a tapeturn. 
Those which have a tapeturn can be divided into those having a Tapetum primi- 
tivuln ; those having a Tapettun cellulosum ; and, lastly, those which have a Tapetunz 
fibrosum. 

Xt is quite understandable and supported by evidence that ancestral, say reptilian, 
features inherited by the Mamlnalia as a class, should get lost within some of the 
various orders of the Mawr~malia. Rut it is far less likely that features developed 
within the class of the Mammalia should get lost. Consequently it is almost abso- 
lutely certailn that the anangioid disc is primitive wherever we find it, unless indeed 
there are special reasons which outweigh these considerations. Such seems to apply 
to the Chiroptera ; although these creatures are so highly specialised, typical 'Vesper- 
tilionidz occurred already in the Eocene, i.e., a t  an epoch when the separation into 
the other main groups or combinations of the present orders had scarcely begun. 
The eyes of these nocturnal creatures are very small, anangious, and devoid of any 
traces of higher development, except that they are also without any traces of ancestxal 
vestiges, besides the rather common rudiment of the l~yaloid artery. 

The following table contains an enumeration of the species examined by myself. 
They are arranged according to GADOW'S classification, and where differences in the 
Fundus oculi have been observed to suggest alteration of that classification, these 
have been underlined :- 

PRIMATES. Simia. Anthropoid~. Harno. 
Troylodyies govilla and l'. .n ip .  

Simia sutytw. 

Hylohdgs albdmnus. 
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PRIMATES, 

Tarsii. 

Lernures. Chiromy id%. 

Lemurida. 

CBIROPTERA. 

INSECTIVOIZA. 

CARNIVORA. Pinnigda. 

Fissipedia. Felidz. 

Viverrida. 

M m u s  rhesus, M. cywnzolgus, ,V. 
S ~ ~ G ~ O S U S ,  M, siaicu arid 11.1. i n u ~ .  

Cy~wcephalus purca.ri~~, C. wonnon, 
C. knnzndryas and C. jaws. 

Cercopithcus nlbigztln~ds, C. diaan, 
C. ucllitrielus. 

Cd~cocebzls colla?is, C. fuliginosus. 
Cynopkthecus n i y .  

Hupule iubah and fin pmcrtillotn. 
G1~1*~~soth~ix sciu~en. 

hgut l~rk  humholdtii, A f d e s  ab.  

and A. geo8 oyi.  
Mycetes s~nicul~~s.  

Cebw ft~tuellus. 
Nyetipith.scus oocife~a~s and N .  

hzuri7~us.  

Ihzu.1. coqqm.el i. 
~Vyeticcbzls h~lligmrius. 
L o ~ i s .  
 go gnlrtetti, G. mnholi, and G. 

neonterii. 

Pt~ropm i d i m ~ ~  and P. polioeephalus. 
Ysspe~tilid .no,ttweri. 

Phoeo *itdim. 
Otnl-ia jzcbatn. 

Fdis Leo, P. se~ual, F. cafla, F. 
dorrmtkm, F. sinnle.llsis, F. pnr- 
dcllis, F. juhcctw, F. comolor. 
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C ARNIVOR A. Fissipedia. Musklids. h t r a  sulqaria. 

Hpznida. H y w m  c~oczda, H. brunnaa, H. 
strktn. 

C a n i h .  Canis farniliaris (very many varie- 
ties, e.g., St. Bernard, Poodle, 
Sky Terrier, Collie, Fox Terrier, 
Greyhound, Spaniel, Chou-chou, 
&C.). 

c. dingo. 
C. procyonides, C. wul-pes. 
C. lagopw, G. pallips. 
C. au~ms, C. mmesomelas, C. w d o .  
c. ldrans, C', mar#. 
Lycaon pictw. 

Procyonids. 

Ursich. 

UNGWLATA. Artiodactyla. Selenodonta. 

Bunodonta. Su,s swofa (wild and domestic variety). 
Hippoplamw amp+hibiw. 

Perissodaciyla. Equidz. Xpuw enballus, E. taniopux, Zebm 
but'ehelli. 

Tapirida. Tapirus anterknus. 

Proboscida. Elephas indicus, B. afrknus. 

Hy racoide. X y r w  dorsalis, H, capemu. 

SIRENIA and CETACEA. 

RODENTIA. Myomorpha. Dipodidz. Dipw &gypiias. 
A Iactaya indica. 

Geomyidia. Saccostontm campestris. 

Gmnzys anu~ieanus. 

Murida. MW rattus, M. & G U ~ R W .  

Gerbillus pygargzcs. 
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RODENTTA. Myomorpha. Myoxida. Myoxw dj4yas, M. perciaus. 
Aca~11Aomys cahirinw. 

Sciuromorpha. Sciuridz. Sciums mlgariq S. vwkgaks, S. 
ludoukcianus. 

Xerus s~tosus. 

Arctomys ma~mtta. 

Cywnzyz ludoukchnw 

Hystricornorpha. Chinchillida. 

Octodontida. 

Dasyproctidz. Dasyprocta agouli 
U. amrce. 
U .  isthmice. 

Bgstricidm. 

Lagomorpha. Leporidz. Lepb c u a k u l ~ .  
Do. albino. 
Lpm europmu. 

EDENTATA. Dasypodida. 

H yrmecophagids. 
Bradypodidn. 

MARSUPIALIA. Diprotodontia. Phascolornyidm. 

Maeropodida. Dedrolagus inuslus. 
Mucropus rufus, M. W. eLula7wps 
Pdrogale penkilloh. 
Hulmatu~us brachyurw. 
Hypsiprynus r u f ~ s ~ ~ ~ s  

Eohidna. 
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Considering that a linear arrangement of the various Mammalian Orders is unnatural, 
but has of course to be adopted in book-form, and stereoinetric arrangement being out 
of the question, I am able to draw attention to only a few points. 

The Edentata certainly retain their low position at the bottom of the Placentalia 
now usually assigned to them, and they also share this low position with some of the 
Rodentia. The characters of the Fundus ocuri are another justification of the low 
position assigned to this order by HAECKEL and GADOW. Almost as low, forming 
thereby a third main branch of the Placentalia, are some of the Ungulata in the 
wider sense, notably Hyrax, Elephas, and the ~ e r i s ~ o d ~ c t ~ l s ,  whilst the Artiodactyls 
stand decidedly higher. It is only surprising that the Bunodont group of the Artis- 
dactyls also assumes a rather high position, lower of course than the Rumiizants, but 
decidedly more advanced than the Perissodactyls. This is perhaps less surprising 
than it may appear at first sight, id we consider the fossil relations of the Perisso- 
dactyls, like the Litopterna and Condylarthra, Jead to very primitive conditions. 

The cases of disagreement are wonderf~llly few. They are restricted to the fol- 
lowi11g :- 

Chrysothrix leans towards the Arctopitheci, but since its dentition and cranial 
characters are distinctly Platyrhine, the aberrant fundus must be due to a case of 
convergence. I find it necessary to  separate the Galagos from the rest of the Lemurs, 
at least as a sub-family, but ~ r e f e r a b l ~  as a family. 
In the troublesome grouping of the families of the smaller Carnivores it is advisable 

to establish a separate family, viz., Cy//~lllzicti{l~, to include the otherwise Viverrilze 
genera Cgnictis and Galictis, together with Mephitis, hitherto placed with the 
Mustelid*. The Sciurornorpha should be divided into Sciuridz and Pterornyide, and 
Castor should decidedly be removed into the Hystricomorpl~a group, perhaps illto tlne 
vicinity of the Octodontid~. The Chiroptera have already been discussed on page 13, 
Part I. Among the Marsupials, the Diprotodontia are decidedly lower than the 
Polyprotodontia, chiefly on account of the high degree of development of the eyes of 
the DidelPhid= and Dasyuridz ; and this arrangement is quite justifiable upon other 
grounds, cf the Phalangers and the Epanortlnid~, of which recently a, living genus 
has been discovered. It is very probable that the Polyprotodontia and Diprotodontia 
are really two rather divergent groups of equal age, and that notwithstanding the 
reduction of the lower incisors, the Diprotodontia, at least so far as the eye is con- 
cerned, assume the lower rank. 

Since we meet with genera of the lowest type in several of tlne main groups o~ 
Mammals, along with others of the highest type of retina1 vasculacisatioa, and again 
some without, and others with, the additional relic or specialisation of a tapetum, it 
follows that the details of the vascularisation and of the tapetum have been developed 
independently in the various main branches of the Mammalia. These characters are 
of too recent a date to be employed as a clue to the mutual relationships or the con- 
vergent descent of the various orders, but they are, like the whole Fundue oculi, an 
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additional striking illustration o f  the working of progrefiaive evolution, an example all 
the more valuable since it illustrates the direct modifying effect of external factors 
upon a most complicated organ, in the present case the subtle influence of light upon 
the eye. 

N.B.-In order that the eolornred clr~ruings should more elo~iely reselnl~ie the appearances seen with the 
ophthnlmoscope, i t  is better to cxarnine them in brilliant artificial light. 

PLATE 1. 

1. Fundus oculi (left eye) of R dark-haired English girl, ~ t .  20. The iz~ottled 
choroidd strorna can be indistinctly seen in the background. Translucent fibres of 
the optic nerve can be traced a short distance beyond the disc. The circular macula 
area is sharply defined, and surrounded by a reflex ring. Reflexes which vary with 
tbe direction of the entering light, and position of the observer's eyes, can be traced 
along the vessels. 

2. Fundus oculi (left eye) of a Nubialn youth, ~ t .  17. The fundus is of a chocolate 
colour, and tbe reflexes are very pconourlced, extending over the whole central area- 
The trallslucel~t nerve fibres can also be traced for a much greater distance beyond 
the disc. The macula is circular and well defined, and surrounded by a brilliant 
reflex ring. The choroidal vessels are quite invisible. 

PLATE 2. 

l. Fundus oculi (left eye) of a Chimpanzee. The ~9esemblance between this 
drawing and that of the Nuloian youth is most striking. Beyond the facts that there 
is less differentiation of colour between the retina1 arteries and veins, and that the 
vessels branch out somewhat straighter, no differences can be detected. 

2. Fundus oculi (left eye) of the White-handed GiFboiz. The nerve-fibre layer 
and reflexes are prominent. The macula area is very small. The brown choroidal 
stroma covered with black dots can be seen outside the central area, where it is 
obscured by the reflexes. On all sides bifurcating choroidal vessels radiate from 
the vicinity of the disc, and can be traced to the periphery of the field. 

PLATE 3. 

1. Fundus ocuIi (left eye) of a Macaque. The baclrground is without dots, and the 
choroidal vessels are arranged as in the Gibbon, only they are much fewer in number. 
The ~nacula resembles that of man. 

2. Fundus oculi (left eye) of a Black-eared Marmoset. The fundus is slate-coloured 
and the choroidal vessels few and interrupted. The inacula is peculiar, being very 

VOTA. GXCIV. -B. L 
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large and surrounded by a prismatic reflex ring, yellow inside, and bluish-green 
externally. This is also observed in the Chrysothrix. 

PLATE 4. 

l. Fuxzrlus oculi (lefh eye) of a Black-headed Spider-inonlrey. Though this is a 

New World monkey its eye closely resembles that of the Macaque, showing that the 
ejrc does not admit of any pronounced demarcation between the catarhine and 
platyrhine fiirni~. 

2. Fundua oculi (right eye) of the Lernurine Dou~oucouli. The inaculn is present, 
but the macula ring has disappeared. The wbole background is coverecl urit,h dots, 
as in the case of the Lemurs, to which this fundus hears a close resemblance, were it 
not for the presellce of a ~nacula and s pillk disc. 

PLATE 5. 

I.  Pundus oculi (right eye) of the Comlnolz Lemur. The macula, as in all  animal^ 
below the true monkeys, is entirely wanting ; but its apparent position is indicated 
by the absence of the large retina1 vessels and all ehotoidal vessels over a certain 
area. The disc, as in all Lemurs, is chalky-white. 

2. Fundus oculi of MONTEIRO'S Galago. We have evidently here already a tapetum 
luciduln and a tapeturn nigrurn, similar to those common to the carnivora. The 
background resembles burnished gold, and can oilly be feebly indated in the drawing. 
If  a brilliant light be focussed on it by means of a large lens, i t  will give a better 
idea of the original. . The g-olden background is strewn over at regular intervals with 
stellate dots. The disc is d a ~ k  grey, approaching black. The entire periphery of  the 
fundus is covered with a dense network of pigment. 

PLATE G. 

l. Fundus oculi of the Australian Fruit;-hat. The entire f ~ ~ n d u s  is uniform in colour 
and appearance, and very ~rimitive. The colour is light terra -cotta, uniforlnly covered 
with large round dark dots, which viewed with the ophthalmoscope might be taken 
for deep pits. The disc is circular and greyish-white. There are no vessels of any 
kind visible, except a, single minute capillary in the centre of the disc. 

2. Fundus oculi of a Common Hedgehog. The background is uniformly light grey. 
The disc is small, circular, and pink. From this two sets of vessels proceed, viz., a 

peripheral set, which emerge from its edge in the form of five braizches of minute 
capillary threads, and a central set, consisting of five large retina1 vessels, which 
radiate to the periphery like the arms of a Starfish. There are no choroidal vessels 
visible, nor can the arteries be in any way distinguished frolrl the veins. 
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PLATE 7 

I. Fundus oculi of the Cornrnon Seal. The background is of a brilliant pale yellow 
colour, sprinkled with minute green dots. The disc is pale b~~owaislz-red, surrounded 
by a green border. About a dozen thin vessels curl over its margin, and radiate to 
.the peliphety. There is no distinction between arteries and veins. 

2. Fundus oculi of the Serval. The three zones cornxno~~ to nearly all the Fissipedia 
are seen. The innermost zone occupies roughly the third of the area of t.he circle. 
It is the area of best vision, and lies around the visual axis. It is light gold in 

colour and of extreme brilliancy. This golden layer is completely surrounded by an 
emerald-green layer of variable width, and this again by n der~se brown-purple layer, 
which extc~lds on i~ll sides beyold the periphery of the field to the Ora Serratn. 
This last layer is probably ir~sensitive to light. 

PLATE 8. 

1. Fullclus aculi of the Comlnoli Gcxletta. 'P'hc: golden central layer is situated 
mueh higiier up than i11 the last animal. The iatel-mediate green layer is very thin, 
and the peripheral layer dark red ill colour. 

2. Fundus oculi of LEVAILLANT'S Cynictia. The fundus is uniform in colour, 
possessing no differentiated zones, a peculiarity which distinguishes the Cynictis and 
the Suricate horn all other Carnivora. Tlne disc is Ilorizontally oval and of abnormal 
size. It is covered with a pigmented reticulum. 

PLATE 9. 

l .  Furtdus ocuIi of' the Striped Hyzna,. The cenCral golden zone is high up above 
the disc, as is seen in all species of Hyznas, and t.he pale green zone is very broad. 
The yeripherd zone is delicate mauve in colour. 

2. Fundus oculi of a Jackal. The golden zone is very large, and the green zone 
~orree~oxldinglg narrow. It is bordered exterllally by a narrow violet zone, which 
fuses with the deep brown-purple peripheral zone. The disc is bright pink and 
lozenge-shaped, a shape peculiar to the Jackals and Foxes. 

PLATE 10. 

I .  Fundus oculi of the 'I'nyra. The fundus is green, and mottled all over with 
irregular patches of orange-gold. The peripheral area is of a rich brown colour. 

2. Fundus oculi of' the Canadian Skunk, h most remarkable ftmdus. The 
sensitive area of vision extends from the level of the disc upwards. The peripheral 
zone is very broad and of a yellow-buff colour, stippled with light brown dots. 

L 2 
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PLATE 11. 

I .  Fulldus oculi of the Rxoon. The pale goIdexi-yellow mme is mottled a d  covered 
with greeii dots, while the greell zorte has a number of rice-shaped yellow spots scattered 
over the fieId. The peripheral zone is partly mauve and partly brown in colour. 

2. Fundue oculi of a Black Bear. The resemblance to that of the Facoon is very 
striking. The yellow zone is absent, and the peripheral zone has no mauve or purple 
fringe, but u~iiforlnly brown, resembling that seen in the outer part of the peripheral 
zone of the Racoon. Tlne pigment has a crystalline appearance and is p~ t chy ,  
resernbliug coarse sugar strew11 over the fuildus. 

PLATE ra.  

l. Fuiidras oculi of the Indian Ox. The fh'undus is characteristic of nearly all 
Iinn~inants. The disc is horizontally oval and very large, with a central circular 
depression. The main trunks coiisist of one large pair (artery and veiil) which runs 
straight up from tlze disc giving off horizontal branches from time to time, and 
rllxinerous lateral and descending trunks, which ramify over the dark peripheral zone. 
Just above the disc, and extending in a horizontal manner 011 either side, is a rose- 
coloured band, nearly free from large vessels. It ia probably the seat of acute 
vision. 
2. Fundus oculi of the Hog Deer. The disc is remarkable, apparently coneistiizg of 

three separate discs fused together. From the centre of each of these " discs " an  
arterial trunk proceeds, accompanied by its veirl. The senr i-opaque nerve fibres are 
very prominent and coarse, otherwise it i eserribles the fiandus of the $luaniizants. 

PLATE 12.  

Fundua oculi of the Bactrian Camel. The fuudus is urlifor~nly chocolate-red in 
colour, the lower portiori appearing paler, owing to  the innumerable radiating nerve 
fibres. The disc is white, circular, and covered with a network of pigment. The 
main trunk ascends, intertwining with its vein, and gives off oblique and horizolital 
branches. 

PLATE 14. 

X. Ful~dus oculi of the Java Chevrotain. The surface of the disc is entirely 
masked with dense moss-like pigment, and is surrounded by a green border. The 
retina1 vessels are so much in fi-ont of the choroidal background that they cast 
distinct shadows on it. 

2. Fui~dus oculi of a Wild Boar. The veins and arteries are of immense calibre, 
and indiatillguishable from one another in colour. The fuiudus ia of a uuiform slaty- 
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pink e o l o ~ ~ r  without any peripheral zone. 8emi-transluceizt nerve fibres radiate in 
all directions from the disc. None of the S u i d ~  possess a talmtum lucidum. 

PLATE 15. 

I .  Ftuzdus oculi of the Ilidialz Rhinoceros. The fulldus is mottled slid of a uniform 
brown colour. The disc ie chalky-white. No retixlal or choroidal vessels are visible 
anywhere, It is a type of a very primitive fundus. 

2. Fundus oculi of BURCHELI,~~ Zebra. The size and appearance of the disc and 
the retiiial vessels are identical with those in the horse, but the sensitive area of 
vision is different, coniist.illg of a coarse golden network, the spaces bei~lg filled 
up with pale green. The peripheral area is dense, nzottld with lighb aud da1.k 
patches of purple. 

PLATE 16. 

1.  Fuxldus oculi of the American Tapir. Besides the Elephant this is the only 
Ungulate which possessefi a yellow or golden fur~dus. The peripl-re~al zone is reddish- 
oyange. The disc is white, and the retillal vessels are reduced to c2 few capillaries 
whiclz extend across the disc. 

2. Fundus oculi of the Africa11 Elephant. The fundus is of a uniform pale straw- 
yellow colour, and covered with an iminelzse number of peculiar irregular or bent 
brownish rod-like patches. The disc is large, circular, and grey, like a grey atrophied 
disc in man. The retina1 vessels are limited to six or seven rninut,e vesfiels, which 
spread a, short way beyond the margin of tlne dific. There is no peripheral zone. 

PLATE 17. 

1. Fundus of the Dorsal Hyrax. Although the colour of t he  fu'undus is different 
from that of the Elephant, nevertheless it p~eseilts many points of i-esernblance. 
Both have a uniform background without any peripheral zone, covered with peculiarly 
slnaped patches. Both have a circular grey disc, and a very primitive vascular 

SUPP~Y* 
2. Pundus oculi of the Indian Alactaya. The vaficular supply, as iu most of the 

higher Rodents, is very complete. The translucent nerve fibres are corlspicuous, and 
the disc imperfectly defilled. From its centre is a ~igmented body, which projects 
into the vitreous, and fi.om its summit a white fibrous cord gasses to the lens. 

PLATE r 8. 

l. Fundus oculi of the British Black Rat. The fundus is uniformly grey in colour. 
The veim are much larger than the arteries, and both radiate from the centre of the 
disc like the a.rms of a Starfish, The main arterial trunks alternate with the veins. 



2 8 DR. G. L. JORNSON ON THE COAIPARATIVE ANATOMY 

2. Fundus oculi of the Coinmon Squirrel. The disc is of an eiiormous size for so 
small an eye. Thie is, with few exceptions, the case in all the Squirrels. I t  is 
placed well above the axis of vision. 'The retina1 vessels are bright scarlet, and 
remarkable for their size a id  number, and there is 110 disti~lctiorl between arteries 
and veiiis. 

PLATE r 9. 

Fundus of the Eted and White FIying Squirrel. The central wea is of ,a brilIiaiit 
golden-yeIlow, covered over with stellate dote. The circular and radifornl dix-tribu- 
t ioi~ of the vessels found in the Fying Squirrels and the Palm Squirrel distinguielnes 
them from the other fiquirrels slid Marmots. 

PLATE 20. 

l. Fundus oculi of the Caliadiaii Beaver. 
2. Puildus oculi of the Chinchilla. The fuizdus in each of these animals is alrxiost 

identical, except that the former has a peculiar conical promiizeace projcctilng fx om 
the centre of the disc (see Plate 28). 

PLATE 21, 

I .  Fultdus oculi of the Guinea-pig. The choroid is c0vere.d with a peculiar con- 
centric rnottling. Tlne disc is white, irregular in outline, and has also a central 
coliical protuberance. (See Plate 20, fig. I , and Plate 2 8.) 

2. Fundus oculi of' the Central American Agouti. The disc is remarkable, as a 
vascular and pigrnelited " pecteii " is seen protruding into the vitreous from its centre. 
A similar pecten, though varying in detail, WAS seen ill all the species o f  Agouti 
exttmiued. 

PLATE 22. 

l. Fundus oculi of the Brazilian Porcupine. Tlac f'urldus is ~11ost pvimitive, as ia 
found the case in most animals which are specially protected from injury by nature. 
No peripheral area, and no trace of retina1 vessels, exist. (C$ Plate 15, fig. 1, and 
Plate 23, fig. 1.) 

2. Fundus oculi of the conImou Silver-grey Rabbit. The disc together with its 
dense brush-like opaque nerve fibres are placed well above the area of best vision, 
which lies in a horizolltal plane intersecting the optic axis. The retina1 vessels 
3150 lie out of the way of vieion, being placed ixl the centre of the nerve fibre 
bundles. 

PLATE 23. 

l. Fui~dus oculi of the Hairy Armadillo. A very primitive disc closely reaeinbling 
that of the Porcupine. 
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2. Fundux oculi of the Wombat. The chocolate background is covered with 
interrupted va,i~icose choroidal vessels. The disc is pinkish-white, and covered with 
a capillary network of vessels proceeding from the central artery of the retina. No 
other reti nal vessels are present. 

PLATE 24. 

I. Fundus oculi of the Rufous Rat-kangaroo. f h o  strolna of the chovoid is nf a 

mot,tled brown colour, covered everywhere wit11 radiating choroidal vessels of 
uniform calibre, which anastornose in festoon-like fibres around the disc. The disc 
is yellowish-white in colour, and a ~eculiar  basket-like vascular promineizce derived 
Rom the artetia centralis passes illto the vitreous. (See Plate 26, fig. l .)  

2. Fuadus oculi of the Squirrel-like Phalanger. The fundus is reddish-ora~lge, 
covered mith.a ~nottling of red patches ; the disc is yellowish-white, partly olrrscurcd 
by a capilliary netvrro~lr of vessels. There is no zone. 

PLATE 25. 

l. Fundus oculi of the Virgialian Oppossum. It is remarkable for possessing f i  

g o l d e ~ ~  central zone, which is surrounded by a peripheral zone densely pigmented. 
It also pom~"ses a grey disc and well-dsveloped retina1 vessels. 

2. Fundus oculi of the Tasmanian Devil. The fundus is of a deep Indian red 
colour fhiatly mottled with pigment. The disc is greyish-white, and the retina1 
vessels are numerous and large. Semi-opaque fibres are present, one set accompany - 
illg tllo main ascending trunks for some distance. 

PLATE 26. 

L. Fundus oculi of the Rabbit-eared Perameles. The arrangement of the ne.rve 
fibres is exceedingly curious, resembling a white aster. The fibres are not semi-trans- 
lucent as in most animals, but semi-opaque ; although not to such a degree as in the 
ease o f  the Rabbit and Bare. The arteria centralis retinz terinin&tes in a basket- 
like anastoinosis of fine vessels, and resembles that seen in the Chameleon, except 
that the former is destitute of pigment celh or granules. 

2. Fundus oculi of the Echidna. The background and the disc resemble th:tt 
of many of tlne day-feeding birds, but the disc differs from all birds in being entirely 
destitute of s pecten. The whole eye is extremely pirnitive in structure. 

PLATE 27. (See pp. 53-54.) 

Four drawings of the human Fundus Oculi to illustrate the three main forms of 
the persistent Hjraloid. Artery. 
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Fig. I. The hyaloid artery is seen as a white cord arising by a broad base covering 
the entire disc and even projecting beyond it ilz the form of fine fibrous 
filaments. The distal portion is split up into three cords, which could be 
seen ilz coizhct with the lens capsule. (Drawn from life.) X 10 diam. 

Fig. 2. A similar case, arisil-tg from the centre of the disc and projecting to the lem as 
a sillgle cord. (Drawn from life by the author.) 

Fig. 3. The hyaloid artery free from blood is seen arising by a hollow trumpet-shaped 
tube from the disc, the tube passing forwards towards the disc t o  end in a 
tiny trumpet-shaped mouth affixed to the lens capsule, and known as the 
Campalzula Walleri. In  this drawing it is lying free in the vitreous. 
(Copied from a drawing by SCHOBL, in NORRIS and OLIVER'S ' System of 
Diseases of the Eye,' vol. 3,  p. 422.) 

Fig. 4. The hyaloid artery is in the form of a sausage-shaped cecal vessel arisir~g 
from the main trunk of the Arteria centralis retin=. It was filled with 
blood, and pulsated wit11 the t ~ u n k  vessel. Its closed end projected into the  
vitreous. (Drawlz from life by the autlnor.) 

PLATE 23. (See pp. 24 t o  54, passim.) 

Illustrating the primitive and retrograde forms of the Yecten and Hyaloid Artery 
occurcilzg in the Mammalia. 

Fig. l. The persistent hyalixle artery in the Reindeer. 
It is found as a white cord reaching from the disc to the lens, t o  tht: 

capsule of which it is attached Iny one or more fine threads. 
Fig. 2.  A similar cord seen in many of the Rodents. 

In this cMe it ended in a small button or hollow cone (Campanula 
HalLeri). 

Fig. 3. The arteries bra~zch out fi+oin the mail1 trunk, forming a series of arches above 
the disc. From the top of this a pigrnented process projects into the 
vitreous, and is continued to the lens as a fine cord (Jerboa). 

Fig. 4. A circular depression occupying a third of the diameter of the disc I found 
it in all the Elephants examined. 

Fig. 5. A similar depression, but much shallower ; repeatedly found in Bos. 
Fig. G. An oat-shaped white process arising from the rnain trunk and penetrating 

into the vitreous (Ovis musimoiz j. 
Fig. 7. A glistening white fibrous process arising from a broad base from the bloodless 

disc (Pteropus). 
Pig. 8. A white stunted process of fibrous tissue arising from the base of a pit in the 

centre of the disc of Castor. 
Fig. 9. A long stiff fibrous process ending in a club-shaped knob arising from several 

similar roots attached to the margin of a deep pit (Sciurus palmarurn). 
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Fig. 
Fig. 

10. A pointed fibrous process arising from the main trunk (Gerbillus). 
11. A deeply pigmelzted black process penetrating the vitreous and arising from 

the centre of n slightly-elevated cushion covered by innumerable fine blood 
vessels which cover the disc (Macropus rufus). 

This and the remaining illustrations repre~eizt various degrees of develop- 
ment of the vestigial pecken, 

Figs. 12, 13, and 14, Similar cushiolzs covered with fine vessels. 
Fig. 15. A basketwork of vessels arising from B, (lepression in the centre of the disc, 

and partly covering one side of it (Coipu). 
Fig. 16. A coarse vascular basketwork arising from the central artery. Nulvlerous 

arterial twigs ramify over the disc (Hypsiprymnus rufescens). 
Fig. 17. A similar network (Perameles lagotia). 
Figs. 18, 19, and 20. Protuberancea colitaining all the elemeuts of a true pecten, viz., 

large pigment cells, pigment granules, baselnellt membrane, and a network 
of blood-vessels ( Agouti). 

Fig. 20 shows a pectelz formation closely resembling that of the Apteryx. 
Fig. 21. A true pecten, but without plicatiolls (Apteryx Mantelli). 

PLATE 29. (See pp. 22, 27, 56-59.) 

Types of the Appendages to the Iris occurrii~g in the Ungulates, to illustrate the 
successive stages from the Corpus nipurn seen in the Equidz, to the functionally 
active Umbraculurn which exists in the Hyrax. 

'l'he drawings are all taken from life, and the natural size. 
Fig. l. The Corpus nigrum. A simple hypertrophy of the under or pigment layer of 

the iris. It is most developed along the upper edge of the pupil (Equus 
caballus). 

Fig. 2. A Corpus nigrum, similar ill structure, but much thicker and larger (Eyuus 
t~niopua). 

Fig. 3. Three well-formed symmetrical nodules formed by an outgrowth of both 
layers of the iris, the pigment being hidden by the upper layer of iris 
fibres. 

Fig. 4, A similar contrivance, only more highly differentiated. The iris itself projects 
over the pupil, and is beautifully marked with stripes in the Wild Goat 
(Capra dorcaw). 

Bigs. 5 and 6. A further elaboration of the two layers of the iris, forming a series of 
ridges and hollows, which interlock with the lower set when the pupil is fully 
contracted (Camelus, Lhma). 

Figs. 7 and 8 (Hyrax). The most highly developed of all iritic appendages, forming a 
highly contractile structure, which I have named the " Urnbrac~zlurn," since it 
shields the eye from glare. It arises 2 rnillims. froin the free edge of the iris 

VOT,. CXCIV.-B. M 
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by numerous elastic (muscular 2 )  fibres, which radiate out like a fan to be 
inserted into a narrow band of fibres which run round the free margin of 
the umbraculurn. On either side of its origin is a horizontal slit. These 
vary i r l  size as the umbraculum  lengthen^ or shortelza. It appears to be 
under the control of the will, as it moves freely, independently of the amount 
of light, Its surface is directed obliquely forwards, forming an angle of 
from 30'-50' with the vertical, and its apex can be retracted almost out  
of the way of the pupil, or extended so M t o  nearly meet the lower border 
of the iris, or inclined so as to touch the posterior surface of the cornea (see 
p. 21). 

PLATE 30. 

Diagram showing the Divergence of t,lne Optic Axes, referred to in Pact TT., 
Ghapter VI,, p. 60. 
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Types of the Appendages to the Iris occurring in the Ungulates, illustrating the succes~ive stages 
from the Corpus nigrum of the Equidz to the functionally active Urnbraculum in the Hyrax. 

Fig. I Hovse 
.. -- 

Fig. 2 Wild Ass  

Fig. 7 

Fig. 5 Ca~2zed 

Drawn from life. Natural size 
Fig. 6 Llama 
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