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PHILOSOPHICAT, TRANSACTIONS.
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TrE colour of the Fundus oculi in animals devoid of a tapetum is mainly determined
by reflection from the choroidal pigment. In animals possessing a Tapetum cellulosum
[Carnivm‘es;}, the colour of the fundus is mainly determined by the colour of the

retinal pigment. In animals which have a Tulu:tum fibrosum ( Ungulates), the eolour
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2 DE. G. L. JOHOHNS0N ON THE COMPARATIVE ANATOMY

18 determined by the structural colour of the tapetum modified by the colour of the
retinal pigment. All the animals which T have examined may be considered as
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 exception of the Galagos and Lorid) ;
certain Inseetivora ; the Surieate and Cynietis, among the Carnivores ; the Camelida,
Suidie, Rhinoceros, and Hyracoidse among the Ungulates; all the Rodents {with
the exception of Pteromys and the Spotted Cavy); the Edentata ; the Marsupials
[wil'h the Excuptiun of the 'fit'gluinn ”lH wsum ), and the Monotreme Echidna,

2 The Yellow T_i,r;m, This includes all shades of J.rﬂnuw and orange. To this
belong the Galagos and Lorides among the I'rimates; the Chiroptera; some of the
Felidie and Mustelidee ; the Tapir and Elephants among the Ungulates, and ]u&tly
the above-mentioned Flying Squirrels and Spotted Cavy among the Rodents.

3. The freen and Yellow-green Type.—To this belong all the Carnivores, with the
exception of those already mentioned ; all the Selenodonta, with the exception of
the Goats and Camels.

The red end of the spectrum is the most common, next the orange and yellow, and
then the green, the eolours }wiilg rarer in proport ion to their rvf'j'zl.ngihilit}'.

The vascularisation of the retina can be summarised as follows :(—

1. Indirect Supply. —By means of osmosis from the vessels of neighbouring parts.
A. Hyaloid supply. (¢t} The corpus vitreum is nourished by a processus faleiformis,
the hyaloid vessels lying well inside the eorpus vitreum (Elasmobranchs). (&) The
hyaloid vessels spread over the surface of the corpus vitreum, being in consequence in
the immediate vicinity of the retina (e.g., holosteous and many teleosteous fishes).
Hereto belong alse the Amphibia and most of the Reptiles devoid of a pecten.
B. Chorowdal supply.  This is probably the ehief supply of the retina in those animals
"I\'Ildllf-ll III’I.‘-}.“.—{"HH il “'E"]].-llf""fl,,"]l]lili"[l I]l.‘!['!l.l.'-'i] {”'I.UHE- Hlll]'!]l]ﬁ"lllil}, hllL e (Iﬂ‘i’ﬂi[l ﬂf. leperﬂﬁial
hyaloid vessels.  This choroidal supply by osmosis is also with certainty demonstrated
in the Mammalia for at least part of the thickness of the retina.

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

The vessels of the faleiform process of the Fishes and the central hyaline artery,
wherever this oceurs, are essentially the same. The falciform process and the pecten
are analogous, but not homologous, 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 systems actually oceur side by side, but both are rendered
unnecessary by the development of a third system of supply, viz, special retinal
vessels, which ultimately culminate in the possession of an arteria and vena centralis
reting.
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Some of the normal conditions observable in certain animals elosely resemble those
which we find in Man as congenital defeets or vestigial relics. 1. Membrana nictitans,
A fully developed nictitating membrane, active enough to sweep the whole cornea,
exists only in the Ungulata, and not even throughout this order. In the Carnivora
and Marsupials it 15 much less (]cvclulmd, whilst throughout the Primates, Insectivora,
Rodents, Edentata, and Echidna it is still more reduced, and with rare exceptions
entirely without movement. The primary use of this third lid, viz., that of cleaning
the corneal surface, is lost within the class Mammalia, and seems to serve chiefly to
protect the eve in the amimals which graze and poke their heads down into the |ung
and sharp grass, 2, The retractor muscle of the eyeball is of frequent occurrence,
chiefly in Marsupials, Edentates, Rodents, and Insectivora, .., in the lower orders of
Mammals. 3. Opaque nerve fibres.  All stages of opacity oceur congenitally in Man,
and are to be found normally throughout the Mammalia. Opaque nerve fibres are
most marked in some of the Rodents and Marsupials. 4. Physiologieal Cup and
congenital discoloration of the dise frequently ocenr in Man.  An appearance similar
to the physiological eup oceurs in all Felide, and in a considerable number of the
other Carnivora : also in the Flying Squirrels and some of the other Rodents.  White
and grey dises occur normally in a number of ammals widely separated in classifica-
tion, such as the Skunk, Rhinoceros, Porcupine, Avmadillo, and Eclidna, 5, Struectures
protruding from the dise into the corpus vitreum. A. Persistent hyaline artery. This
congenital defect in Man is found as a normal condition in nearly all the Ruminants,
and in a large number of Rodents.  B. Vestigesof a pecten.  In some of the Rodents,
INLOTE: EHI]UU;H”J’ i]l Ei." tl!f‘.‘ J"l.:'_{'l}lliiﬁ1 i Ijlltt{'ﬁll*.‘i!]?ll]l':l "r'E'I.Hl.'-ll]'rl!' I:Ii.gllll']'llﬁ"{l I'll[!i.lll.lﬂl.l.-al'}'
pecten protrudes from the dise into the vitreous. . It is remarkable to find n the
Mammalia a relic of this Sauropsidan organ.  In a number of Marsupials vascular
protuberances from the dise into the vitreous oceur in diffevent forms. 6. Colobomata.
The papillary eoloboma (Fucns' Coloboma) has its analogy in a white or coloured
scleral ring, which is normally met with in a large number of animals. 7. Retimtis
[,}iglllﬁlltl_}ﬁil., III tl]ﬂ (}Ei.l.i lE__:{'H'i. -i,l.'lll]. i.ﬂ'}l'i{!ﬁ_.‘ﬂ il H] I]'ﬁi’l.l]i'l]g I}F Il]g[ﬂl_ﬂlt OCCITS [551'{51] 111 I.E'El'f"'lfl.'
tially in the retina which greatly resembles Retinitis pigmentosa.  If these nocturnal
animals are exposed for prolonged periods to daylight, the pigment advances con-
centrically, similar to the manner in which it progresses in Man, so that the animals
gl‘i'l{l'lul“l}r gﬂl IJ]iII{L 3. ‘riﬁilllﬁ‘, Uh{}l'l}iili-ll ‘L"{_‘!HHI_&]H Ei.llll Htilll]l{f‘ll ﬂ_l]]dt]bﬁ, 1!-?@“]]3
choroidal vessels*oceur in most of the Simize below Hylobates, and in a number
of the other orders. They are most marked in the Macropodide and some
of the other Marsupials, which present the appearance observable in the extreme
cases of the analogous congenital defect in Man. Stippled fundi are found in
the feline Douroucouli and in the Lemurs, an appearance occasionally met with in
Man. 9. Eetropion of the Uvea. Ina number of the Ungulates which have large
oval pupils, either pizcmented excrescences or a specialised development of the elastie
fibres of the iris are met with, and these evidently serve to screen the eye against

B 2



4 DE. G. L. JOHKSON ON THE COMPARATIVE ANATOMY

glare, since their pupils only contract moderately to hight. In the Hyracoide we
meet with a distinet specialised organ, which ean be projected from the iris towards the
cornea like a small sereen, and this I propose to call the Umbraculum.  (See p. 27.)

The shape of the optie dise in the Mammalia is mostly eircular; exceptions ocecur
in the Carnivore Cynietis, which has a I][J'I'i.'f:rll'lti:l“:!.' oval dise, whilst in the Waolves,
Jackals, and Foxes we find it lozenge or kidney-shaped. The dise is horizontally
oval in most of the Artiodactyls and in all the Equidse, but we find it cireular in the
Goat, Llama, Camel, Tapir, and Rhinoceros.

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

In Man and all the Simie the dige is rosy pink or red; whilst in the Galagos and
Loridie it is black or green.  In the Lemurs, Bats, Rodents, Edentates, Marsupials,
and Ichidna it is chalky-white. It is red or pink in nearly all the Artiodactyls,
whilst in the l’uriﬁsu:hu:i_w.'lﬁ, H}‘rm'i{lrl?, and Ehrl:h;lnti{lm it 18 white or cream
coloured, with the only exception of the Equide, which have red dises. In the
Hedgehog and Mole the dises 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 pupil is ecireular in most of the Mammalia. Tt is slightly
vertically oval in the Lemurs and the Galagos, Foxes, Racoon-like Dog, Lyecaon,
Hy:ena Striata, Melursns, Coipu, Capybara, and Hlmttﬁil Cavy.,  Vertieal slit-like
pupils, dilating to a true eirele, or nearly so. oceur in a number of Felide and in the
Pinnepedia.  The pupil s |Ln|'i?.n||tu“}' oval I {:}'ﬂiﬂtiﬂ and ||t_-.1‘Iu:HteH, all the
Artiodactyls, Equidse, Hyracide, Cetacea, and Sirenia, the Marmots, Viscacha, and
a few Seciuridae.

The Hjl:li]l! of the |1II]|51 and that of the dise seem to coneord to some extent ; this
15 especially marked in the Ungulates.

The divergence of the optic axes follows the classifieation to a marked l',][f:gl’ﬂl.:_
The higher the order the nearer the axes approach parallel vision. Parallel vision
with the power of convergence only oceurs in those animals which possess a true
macula, viz., Man and all the Simize,  In other words, convergence appears to be the
necessary outcome of a macula.  This macula, which is bounded by a reflex ring,
exists in all Simie and v wo other Manmals, so that the maecula ceases with the last
of the Simime.

[f we eliminate the domestic animals, in which the refraction varies over consider-
able limits in all directions, we find throughout the Mammalia, with a few notable
exceptions, vision is hypermetropie.  The eyes of amphibious and marine Mammals
are adapted for vision in two ways.  Those which live in fresh water have immensely
developed ciliary muscles and proportionally inereased accommodative power, enabling
them to compensate for the loss of the refractive power of the eornea when the eye 15
submerged. In the marine Mammals, i.e.,, Pinnipedia and Cetacea, not only is this
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ci]im‘_',.' musecle greatly developed, but there is always a large area of the eornea which
is flattened in the horizontal meridian, producing an extraordinary degree of astip-
matism.

Binocular Viston.—TIt seems that if Mammals below the Simie have binocular
vision, they do not rely entirely on it. With the exception of Man and the Simise,
Mammals very rarely move their eyes for the purposes of vision, but move their heads
instead,

In all the Mammals below the Simie which have no macula we find a larger
sensitive area, which, however, eannot be even roughly defined by means of the
npht-]m]muw:ri]w, sinee, except i the Ruminants and i.!ul‘llit'tﬂ':l, there 18 no alteration
in the colour of the fundus, or marked absence of retinal vessels to serve as a guide in
]m!:li‘ing it.  Sensitive areas of restricted dimensions, ::miltilig those eases in which
the area is limited to a maeula, exist in the Carnivora, in which order the divergence
1s not great.  In the Ungulates, Rodents, Edentates, and Marsupials, where we find
great divergence of the axes, large cornese, and nearly spherical lenses, the sensitive
areas are larger, and probably the degree of difference in perception over such areas,
compared with the more peripheral parts, 1s but little.

The great transparency of the retina and the extreme brillianey of the reflecting
surface of the chorowd in the vast majority of Mammals, and the extraordinary pre-
valence of colomrs of every hue, lead one wrresistibly to the conclusion that the rays
of ligllt o not form an iln.'!:._;ﬁ: on the retina as ll,l-:i:l:l."j' i;lughi, but that the inm;_:ﬂ 18
formed behind the retina on the brilhant surface of the tapetum or fusea pigment
layer of the choroid, and is then reflected back on to the terminals of the bacillary
layer. This arrangement for vision certainly bears a close resemblance to Lirrymaxy's
method of obtaining coloured negatives.  He obtained negatives in natural eolours by
placimg a refleeting mereury surface m direct contact with the sensitive film, thus
reflecting the tht which had traversed the film on to the Il;ll't;[’.iﬁ*ﬂ of sensitised
silver.  In the eye the light passes through the nearly transparent retina (which is
nll:l]ugmlﬁ to the Il]iutngmlrhic film), to be reflected on to the terminals of the
retinal elements (which may be compared to the particles of silver haloid). In
Lirpymann's device the eolours are produced h:,r interference of light-waves.  If we
venture to earry our analogy still further, we may presume the same oceurs in the
eye. One difference between the two methods is that in nature the reflecting surface
15 ;ﬂw:l}'ﬁ coloured, and nnl_'}' reflects a ]H]-I".i(ll! of the incident lighf,_ The eolour of the
fundus, however, is remarkable for the absence of bLlues and violets, and the great
prominence of red, vellow, and green colours,  Yellow and orange are the prevailing
colours in nocturnal animals.  The peripheral 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 it never occurs in animals having great divergenee of the
optic axes,

The eye is no exception to the rule that domestieation greatly nereases vaviability.
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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 eolour varies
also individually, an occurrence almost unknown in wild species. The influence of
domestication, which is merely life under unnatural surrounding 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, if we compare the
latter with the high degree of hypermetropia in the Hare. This myopie condition
I]I'UIJEII}I}? rl‘,ﬂ[‘i'\'l‘ﬂ itH (!xl}l“]lﬂllll}" ill lllH‘ EIHHI] E].H.I'k |1tllf:|'|[.',‘; iil 'lTIIiE.-Il I.-]'I:I:HB ]{l]ll[‘:]'ﬁtﬂ
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 ean 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 classifieation.  The cases of disagreement are
wonderfully few ; these are restricted to the following :—

Ulu‘}'m]lhrix leans towards the Aretopitheei, but sinee its dentition and eranial
characters are distinetly platyrhine, the aberrant fundus must be due to a case of con-
vergenee. | find it necessary to separate the Galagos from the rest of the Lemurs,
at least as a sub-family. In the smaller Carnivores it is advisable to establish a
separate family, the Cypiietide, to include the otherwise viverrine genera Cymnietis and
Galietis, together with Mephitis, hitherto placed with the Mustelidee.  The Seiuro-
IIUH'I]]N[ th‘"]l]. I]'_'l 1].;'\"5‘].1."1]. i”t” H:‘.iut'ii].‘l: FI.[H] Iji Hl'”l]]}'i{l“ﬂ, Il."{l U:L!-i-lul" ﬁllﬂlllt] ilﬁﬂif]ﬁlll}' ]PE:
removed into the Hystricomorpha group, perhaps into the vicinity of the Octodontidze.
The Bats and Insectivora 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 Didelphidse and Dasyuridae, It is probable that the
Polyprotodontia and Diprotodontia are really two divergent groups of equal age, and
that in spite of the reduction of the lower incisors the Diprotodontia assume the
lower rank.” Since we meet with genera of the lowest type along with others of the
]ligllteﬁl type of retinal vaseularisation, and ug:iiu 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 sinee it illustrates the direct modifying effect of external factors upon a
highly-specialised organ, in the present case the continued influence of light upon
the eye.
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¥ TRODUCTION.

Notwithstanding an extensive literature, a comprehensive eomparative anatomy of
the mammalian eve still remains unwritten. F-'li:*l'u.lit:ullii'ul examination is a tedious
process, the eruuu"ing of absolutely fresh material is by no means easy, and, aftter 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 ::|J||t.h:1]numvn]m supplies a reliable and most valuable
method of research. That instrument has hitherto been ravely used in l"irlll]rill'Ei.li‘-'H
investigation ; a few observations and illustrations relating to the Dog, Cat, Horse,
and a few other domestic animals are to be found in articles seattered throughout
various journals, the references to which will be found in the ° Archiv fir vergl.
1‘Lugpn]milkumle,' The 1|1'-.u.r':|:g:-: are 1||u:-il]:_r small, and llﬁll-‘I“}' obtained Ir_!_.‘ the
indirect method. The only treatise dealing with the subject is that of NicoLas and
FromaciEr.® These authors have used the direct method, and examined a consider-
able number of Horses, They have likewise deseribed and depicted the Daogr, Cat,
Ox, and Goat, and made notes as to the appearance of the Fundus oculi of the Ass,
Mule, and Sheep.

My observations extend over a much wider field, and it was not until a large
number of animals had been examined, embracing nearly all the families of the
Mammalia, that T felt justified in making an attempt at generalisations. A list of
the species examined will be found m Part 11, Chapter X1, p. 65

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 T found it diffieult to see the Fundus oculi of gome of the ammals by the
direct method of examination, which necessitates alimost contact of the ophthalmoscope
with the eye of the animal.  This method has the immense advantage of giving not
{Illl_}' Ilig_';h{-‘l‘ Ilmguiﬂcntinn and much ereater detail than the indirect, but also of
avoiding the distortion caused by the use of an intermediate lens. 1 therefore
Purs-;cvel'm] in its use, and at length with |1|'.-|cl:i-r_-.e suceeeded I::,-J'r{:{;t]}', Artiticial
li;}r'lit. was used so as to obtain the same illumination in all ecases.  In order to !-{l.’l.'l.}
the animals quiet I began by using anwsthetics, but soon found this undesivable and
quite unnecessary. Some of the animals were muzzled and oceasionally covered with
a net, but, as a I’ulu, kindness, cnaxittg, an i:mﬁng E:I'm'l.“{i sufficient. 1 used the
ordinary ophthalmoscope with a swing mirror and correcting lenses, substituting a
mirror with a smaller aperture when examining animals with minute pupils. The
eyelids were held :‘Lpal't with the ﬁug{;rﬁ, or HIu'Tng F;I:pcll!u. and II!}‘gi,'!‘i.'ltil:'H_ VigZ.
homatropine, scolopaine, or eocaine, were used in most cases. Wherever possible,

¥ Précis d'Opbtalmoscopie Vétérinaire,” Paris, 1898,
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geveral animals of the same species were examined m order to eliminate errors due
to individual peculiarities or disease ; and in all eases both eves in the same animal
wenrs l,‘?i;]l“i'l'l!"fi. w.hﬂi:lhi."ll ] .Ifli!fl Hllili“l"[l ﬂ[l]l!‘ii!]l'l'ﬂhli"‘ Iil'llctiﬂu i" {]i"-ll].ill;_'iI “'ii.ll Elllilll-}-l[ﬁ-
and examining their eves in a darkened room, 1 was fortunate enough to obtain the
assistance of that well-known artist and execellent draughtsman, Mr. A. W. Heap,
F.Z.8. It is entirely due to his talent that I have been able to obtain a great number
of exeellent and faithful drawings of the Fundus oeuli of most of the Mammals to be
found in the menageries and zoological gardens of Europe.  The chief work, how-
ever, was performed in the Gardens of the Zoologieal Society of London, and I wish
here to record my indebtedness to Mr. Scrarer, F.R.S., Mr. Barrverr, and Mr.
Tuoosmsox for their invaluable help and kindness. I noted each peculiarity before
it was drawn by the artist, and examined the animal from time to time while the
drawing was being made on the spot to ensure aceuracy and correctness of detail and
colouring.

The magnifieation obtained with the ophthalmoscope by the direct method varies
with the e nimﬂinrmh: distance between the lm.‘e.tﬁrim‘ nondal |1-r|iut. and the retina ot
the eye examined. The magmfieation, 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 ophthalmoscopic size in
each case, and their field was limited to the area which mnn}n‘i.‘ieﬂ all the essential
features,

In every case when examining the eye of the animal with the ophthalmoscope, I
llt.‘-‘tif]'llli[ll."ll tl]t} !'l‘,"“'q'lf!l_iﬂ]l ]]:‘f I'i_!ti[“m[lfl}', :I.]"Ill “']H’!III_‘!\FEI' Il“l‘]ﬁihiﬂ lI'llil‘t-]:l “'ith ILI'][],
without atropme. The shape of the pupil as well as any peculiarity of the eye
generally were caretully noted, and the angle of divergence of the optic axes was
ljl'_'.'t.l_‘."l']]]"lltl"ll h“f I TS l}r il .“'1].lE"{.‘-iFiI]}'-{iLﬁTiF}L‘!d gﬂnimnt_‘tm' {H[‘f} I'L G”}_

]I;n‘ill;.{ collected about 200 coloured elmwing& of the Fundus oculi of different
animals, and having made extensive notes throughout, I found it necessary to select
a zoological guide, and ultimately adopted the elassifieation of the Mammalia given
by Gapow in his ‘ Classification of Vertebrata,”* as being based on the most recent
morphological investigations.

The more recent the classification seleeted, the eloser did my results conform to it,
Ilutw]ﬂmtum“rlg the other numerous considerations which ?,(}nlﬂgiﬁtrs have had to
take into account. Although it has heen necessary to restrict the number of illus-
trations in this paper, they are sufficient to 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 {“HI:‘.!'t!E:IFIIIﬂii:H deserve serious consideration.

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

® ¢ A Classification of Vertebrata,! London, 1898,
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Lﬂsti}’, the fact that certain conditions which oceur in Man as mmgﬂnitf’ll defects
ars ]'I'Dl_'lni_l! iEI SO -Elllill!-il]..“'ir l]]'rl.:,-' il.-.‘:in."‘lnif:'-t- thlﬁ l}l}]itlli{-lnl(ﬁlllgigt- ill i].iﬂgnﬂﬂjﬁ, {I.Ill_l Wi
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 part of this paper contains a systematic record of the observations made.
In the second part some of the implied problems and resulting generalisations are
dealt with.

I cannot conclude this introduction without expressing my deep indebteduness to my
friend Mr. H. pe MosestrAL, FLLC., who has assisted me throughout in the arrange-
ment of the well-nigh overwhelming material, and the co-ordination of the facts
arising from 1t : his assistance has been of the utmost value in compiling this paper.

Lastly, I have to thank Dr. H. Gapow, F.R.S., for his uniform kindness to me, and
for the encouraging interest he has taken in this work.

PART L
I. Primares,
A, Simie.  a. Catarkine. 1. Awthropoide.  (Plates 1 and 2.)

l. fomo.—When examining the normal eye of Man with the ophthalmoscope, we
]_]El'ﬂei\'t! t]l'e ﬁlIllIIIH ”r kIl l}l'i'l-]];_:l,'}—l'l'_"lfl O ‘I.'E}l‘l"i]i.ﬂll gl'l’_}!l]][l_ rl‘ﬂ t] 15 Iil"]l_"'.-]' Hi[]ﬂ UF t.h'e
axial line of vision we see a well-defined cireular or oval pinkish dise—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 as the surrounding retina, and from its
centre the retinal arteries and veins branch out in various directions over the entire
field. Two and a half dise breadths towards the outer, or temporal, side of the dise
we perceive a small eircular pateh of slightly darker hue than the surrounding fundus,
which is known as the Yellow Spot, or Macula lutea. This is usually bounded by a
circular reflex ring, which umn]u'i:\u::; the area of distinet vision. The arteria centralis
retine enters the eye through the centre of the optic dise, on the surface of which
it divides into four main trunks, which subdivide into numerons 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 anastomose with one another, nor do the veins. In addition to the retinal
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 retinal
vessels, being of an orange colour, very broad, and anastomosing freely.  xeept in
Albinos they are rarely to be seen near the macula, but can be seen towards the

VOL. CXCIV.—BE. ¢
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periphery ot the field. At the macula itself they are never visible, except in
Iliﬁ{'ﬂlﬁff.

The ophthalmoscopic appearance of the Fundus oeuli is practically the same in all
the various races of Man, the colour of the background alone differing. In fair-
haired Europeans this is of an orange-red, and in brown-haired Europeans of a
erimson colour; in North American Indians and Mongolians, brownish-red ; in the
majority of the natives of India, reddish-brown; and in the Negro type, of a dark
choeolate 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 h_ﬁrp[-rnwt.rﬂpit.:
dark eye, are very striking in youth ; and the minute fibres of the optic nerve, which
radiate in every direction from the dise, although quite invisible in Europeans,
form in them innumerable semi-transparent strize,

2. Troglodytes and 3. Simic.—The Chimpanzee (Troglodytes niger), the Gorilla
(1. gorilla), and the Ourang (Simia satyrus), have a fundus which closely resembles
that of the Negro in almost every detaill. We find the same chocolate-coloured field
with a darker coloured macula area hounded by a bright circular reflex ring ; the
same distribution of vessels ; the round or vertically oval pink dise, and the same
semi-transparent nerve strime.  In fact, with the exception of the colour of the fundus,
the general characteristics found in Man are common to all the Catarhine (Old
World Monkeys), and all the Platyrhine (New World Monkeys).

4. Hylobates,—The Gibbons have a fundus which departs somewhat from that of
the other Anthropoids, inasmuch as the choroidal vessels are very marked, and
appear as orange-red stripes radiating from the dise as a common centre.

2, Cercopithecide, (Plate 3.)

1. Meacacus.— M. inuus (Pig-tailed Macaque), M. rhesus, M. cynomolgus, M. spe-
ciosis (Japanese Ape), M. sinieus (Bonnet Monkey), are all very similar, the appearance
and distribution of the choroidal vessels resembling that of the Gibbon., The dise, the
retinal vessels, and the semi-opaque nerve fibres are the same as in the Anthropoid
Apes.

2. Cynocephalus.—C. porearins (Chacma Baboon), C. mormoen (Mandril), Papo
heemadiyas, and Papio flavus (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. Cercopathecus generally resembles the other Catarhine Monkeys. C. alligularis
(SveEes' Monkey) resembles the Mandril. €. diagna has a grey fundus, and the
choroidal vessels cannot be seen, due no doubt to this being a highly-pigmented
animal. € eallitrichus (Green Monkey) has a fundus like the Mandril, except that
the macula is double the diameter of that of any of the other Old World Monkeys.
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4. Cercocebus.—C. collaris and C. fuliginosus again bear a close resemblance to
the Gibbon, as well as to the other Cercopithecidre.

5. Cynopithecus.—C. niger (Black Ape) again no doubt on account of its dark
eolour has a grey fundus similar to that of Cercopithecus divcne, and the fundus being
dark, the reflex from the vessels and macula ring is very marked.

b, ;11'{*!‘{1;3;!!;&{*5, {I’]utc ::,}

1. Hapalide.—The Hapales, or Marmosets have, to judge by the eye, been cor-
rectly placed by Gapow 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
lzlt'gl_‘ in fact as Cereopithecus callitvichus, but with this difference, that the reflex ring
shiows a play of prismatic colours—a peculiavity which I have only found in one other
animal, namely, in the Squirrel Monkey (Chrysothrie seturens), which oceupies no doubt
the highest position in the next sub-order.

e. Platyrkine,  (Plate 4.)

The P|ut.}'r'hi11|-.-; do not differ from the Catarhines to :ulj'lhi]]g like the extent I
would have expected. My observations fully confirm Huxrpey's axiom as to the
similarity between Man and the other Simiw, in contradistinetion to the Prosimice,
but not HArcKEL'S view that the axiom can be restricted to the Catarhines alone,

1. Ceébide.—At the head of the family T place the genus Chrysothrix, on account
of the prismatic halo around the macula referred to above. Then follow Lagothrix,
Ateles, Mycetes, Cebus, and Nyetipithecus. They all have the characteristies which
we find in the Cerecopithecidie.  The dise and the vessels arve those common to all the
Simiwe ; choroidal vessels can be seen in all except the highly-pigmented animals,
and they have all distinet maculse. The Nyetipitheei, which I place lowest among
the PI.‘Lt-_}'l'hinu h’[t:tlkf}}'ﬁ, have a fundus Htil}lrlul all over with minute brown dots,
The appearance is very similar to that which we shall find in the Lemuridee, so that,
but for the great distinetion due to the presence of a macula, the Nyetipitheei closely
approach the higher forms of the Proshmie, a coineidence probably due to their
nocturnal habits.

All the Simiz have invariably eircular pupils, which dilate to mydriatics and
contract to myotics, convergence, and light, and in that respect there is no difference
except in degree between Man aud the other Simim. The Simie 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
macula. 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 { Cynocephalus
mormon), the Black Ape (Cynopithecus niger), and the Red Howler (Myecetes seni-
culus) are the only Monkeys in which I have observed any sustained convergence.

c 2
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The refraction of all the Monkeys is 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 31 to 6 D.* T have examined six Mandrils
and one Drill, and found them all myopie, and in both eyes equally. The Membrana
nictitans is rudimentary throughout the Simiw, as in ourselves—in only one species
(Cynocephalus porcinus) did 1 find it capable of any movement. One difference
between Man and all the other Simim 1s that Man alone has the power of shedding
tears, with the result that the Puneta lachryvmalia and eanalienli in all the Simie
except Man are rudimentary and almost invisible to the naked eve. In all the Simim
I find the earuncle as in Man, except in the Papio hamadryas, in which Monkey the
caruncle is eapable of being pushed forward in front of the eanthus to about 2 milli-
metres, and retracted apparently at pleasure.

B. Lemures. (Plates 4 and 5.)

The division between Simise and Prosimize is extremely marked, since in the Simime
the macula is invariably present, whilst in the Prosimie it is entirely wanting, and
vascular branches often eross its area, which is never the ease in the Simige. The
pupil is no longer circular, but vertically oval, and the visual axes are not parallel,
but slightly divergent. The animals also are ineapable of eonvergence. Moreover,
the dise is no longer pink, but E‘.Illil't?]'}-‘ or partially covered with black Pigmmlt, being
white where visible. ,

1. Chivemyide. -1 have seen an Aye-Aye, but unfortunately eould not get close
enough to examine details, owing to its excessive timdity, but the colour of the
fundus seems to resemble that of the Galagos.

2. Lemuride—1I find two well-marked divisions in the Lemuridse. I propose to
place the true Lemurs in a separate family, and into another family the genera
Galago, Nyeticebus, and Loris.

The Lemurs, of which 1 have examined L. brunnews, L. coronatus, L. macaco,
L_ 11'1.‘1_'?1"1‘" 11-"{]. L, T'ﬂ]'f{'ﬂﬁf”.‘il lli],.‘l."{_‘.' E!," i flll!{l'l.lﬂ -I:If. a l_]r!}“."l"l. or I'{_‘.‘{l{]iﬁh-ln'ﬁ“’" ﬂﬂ]ﬂ’lil",
covered with minute pigment spots at regular intervals. Their dise s chalky-white,
the margin and often one sector being pigmented. In all, choroidal vessels ean be
seen with more or less distinctness. In many cases semi-opaque nerve fibres are
visible, radiating from the disc, and the area which in all the Simiz embraces the
macula, is noticeable by the absence of visible choroidal vessels, although, contrary
to what we find in all the Simimz, fine retinal vessels pass over it. The pupils are
vertically oval, and the eyes do not eonverge on accommodation. L. coquerelli forms

* D in ophthalmic parlance is used to indicate a Diopter, ie., the refractive power of a lens having a
foeal Icnglh of one metre © henee 3 D has three times this refractive power, and 1s cqllal to a lens |m‘|-'ing
a focal length of one-third of a metre ; in other words, the myopia in the Mandril can be corrected hy
lens of this focal ]l,:nglh,



OF THE MAMMALIAN EYE, ETC. 13

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.

Galago, Nycticebus, and Lovis.—All the species examined, viz., Galage Garnetti,
G, Maholi, G. Monterre, Loris nycticebus and Leris tardigradus, have black pigmented
dises with green margins. The fundus of these animals is a golden yellow of extra-
ordinary brilhaney, like burnished gold, the peripheral area being composed of more
or less dense black moss-like patches of pizment, which f't'v:im:ntl}' imvade the retina
itﬂﬁlr 11'[[ tIIE"! ﬁ]l'“l I.thllli“u.ll‘! 1]["'.:[13][(!!1 I'I'}'l“cli[‘ﬂ. '“Ii.‘-: :ll]l]l_’?il":ll!(‘l'} Ht I'il{‘lllg]}' ]'!_'HL'I'IIIIIEE
the condition of the human Fundus oeuli in the congenital disease known as Retinitis
pigmentosa, a fact which I shall refer to in detail on page 55.

The brilliant fal‘ntl;__:l.a—}-'t'llca'ﬁ' colour, which we here meet with for the first time, will
be found peculiar to almost all Mammals of noeturnal habits.

The brilliantly coloured zone surrounded by a heavily pigmented peripheral area,
and the invisibility of choroidal vessels, are indicative of the so-called Tapetum
lucidum, eommon 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 mydriaties,

Reviewing the Primates, we find a striking difference between the Simie and
Lemures—the Simize alone possessing the differentiated and highly-sensitive area
known as the Macula lutea. Hardly any difference ean be seen between Man and
the Anthropoid Apes. The Platyrhine Primates closely resemble the Catarhine
forms, with the exception of the Dourouncoulis (Nyetipitheci), which, but for the
macula, could be taken for Lemurs. The true Lemurs approach the Simie, whilst
the Lorides, Galagos, Nveticebus, and Aye-Aye have entirely different fundi, approach-
ing in character the fundi of the Carnivora.

In all the Primates the Membrana 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. All the Simiz have circular
pupils—in all the Lemures the pupil is vertically oval. Man alone can sustain
convergence ; all the other Simime have the power of convergence, but only for a
moment, or at the most for a moderate time. Direetly we descend below the last of
the Simiwe, convergence ceases and the macula disappears.

The Simize alone among the Mammals constantly rotate their eyves for directing
vision. The Lemures and all Mammals below them move their heads instead, and only
on rare occasions and to a limited degree do they move their eves for visual purposes.
In all the Simim, with the except ion of the Drills and Mandnils, we find the eve 18
emmetropic or slightly hypermetropic, as in savage Man.

II. CarroprEra.  (Plate 6.)

1. Emballonuride and 2. Vespertilionide.—Owing to the scarcity of Bats in
menageries, and the exceedingly minute eyes and pupils of those which I have been
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able to secure, I have found it impossible to examine any of these Bats with the
[lphtlil'rlhl"llk‘iﬁh]‘w in such a manner as to observe detail, but 1 was able to see that one
of the ]ﬂn;glis-:h Bats { l’?;ﬁjm.i-‘!'ffft} Nuattert) has an uchm-_}'ellmv fundus,

3. Ptevopodide.—The Indian Fruit-bat (Pteropus indicus) and the Australian
Fruit-bat (P. poliocephalus) have ochre-yellow fundi, which appear pitted at
perfectly regular intervals by dark (]t‘pl'ﬂﬂﬁinllﬁ. Microscopie sections show that
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 dise. The pupils are large and round
anid {1]11_‘.’.'!::': mm!{*.r.'ltc]}' to ﬁght and m}'{lri:ili(:.'-:. Continued exposure to l.]u}']ight-
causes blindness. No choroidal vessels ean be seen in the fundus, nor are any retinal
vessels discernible.  Microscopie examination of the eyes of the Fruit-bats as well
as those of the English Bat show, that the vascularisation of the retina is restricted to
ﬂ:li'li].l:l,l"iﬂﬁ ﬂl].l.}', 'rhiH ['l]lll];f;”“ bl el LR F 'I,.f]' lIEIIUtL" il Tﬂl‘}? ]:l]"'n-'l" lIl,‘:gl'l:fﬂ ﬂf {]ﬂ\'l_"‘.-].l}]]]lll;‘lltr
hﬂﬂ?l"ﬁl" we Ih'l\'ﬂ i 1Il’H“l_'![HI \"L’l'}' ﬁLl" l']ﬂ“-"ﬂ t-hﬂ S{lﬂ-l':"'..- IH:‘ﬁlI‘E we meet “-'itlh it- E'l{{i'liﬂ.
Some of the Sub-ungulates, a few Rodents, and the Edentata are the only other
placental Maminals similarly devoid of retinal vessels. Is this primitive condition of
the eyve of the Bats due to arrested {11.#1‘&31::11!11&111. or ]ml'iiu] degeneration of that
particular organ through disuse, or must we regard it as disputing the high rank
which zoologists have ;uﬂﬁig::ull to these strange Mammals ? 'TJ!IIiCHI ‘\-'rﬁsjnert.ilimim
are undoubtedly met with in the Focene 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 IL, p. 68.)

II1. Ixsecrivora. (Plate 6.)

In Erinacens europeus (Common Hedgehog) the fundus is light grey in colour and
uniform all over. The disc is red, and four straight retinal vessels radiate from its
centre, throwing off a few branches ; no veins can be seen accompanying the arteries.
T]:IH l]'“Illl iH- H-lll:l,i} i'l,l][_l ]'l']l_“ld.

[ examined the eye of the Common Mole (Talpa ewropea) immediately after
death, by removing the front part of the eyve, and placing the posterior half under
the microscope illuminated by reflected and concentrated light. I found the fundus
to be a buft eolour, which gradually turned to bluish-green. The dise and the
vessels were identical in shape, eolour, and position with those of the Hedgehog.
The pupil of the Mole is round and microseopic 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 projected 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 eve when retracted, and it is only by pushing
the eve forward between the hairs and making a gap in the fur that the animal
can see.
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1V. CarNIVORA.

All the Carnivora, with the exception of the Suricate and the Cynietis, have a
Tapetum lueidum, such as we have already met with in the Galagos. A peculiarity
of this tapetum, due, as we shall see on page 38, Part 1L, to an opacity of the mner
lavers of the choroid, is that choroidal vessels ean never be seen exeept in some rare
cases, and then only at the extreme limit of the peripheral area. In the Pinnipedia,
the Tapetum lucidum is of the same ecolour all over the wvisual field, but in all the
Fissipedia (with the exception of the Suricate and the Cynictis, which have no
rrul]ﬂtlllll I]lﬂ}i{llltll} ll:lﬁ ﬂl]"ll:l.llﬂ HI]U“—H Elt I["-'Iﬁt t“'[l ['-l'llfFII]'l'[]. FAR DTG S | {:E':'I]t'l'i'i] AT,
known as the Tapetum lucidum, and a densely pigmented peripheral zone, known as
the Tapetum nigrum. The Tapetum lucidum. t.e., the central zone, 1s In many cases
further divided into two, and sometimes three, differently coloured arveas. The
lml'il}lml'ul area appears at the bottom of the |1i{'tl!l'1_’:ﬁ. The vaseularisation of the
Carnivora 18 most iul‘{l]i;lic in the !"J'nnipn;-.:li:t, and in the animals of the sub-order |
conld not l:].iHliII:_flliHII between veins and arteries.  In the l"iﬁ:‘ii}rt'qliu, the number of
vessels varies considerably, but in all eases we find the arteries accompanied by
their veins, and in most of these animals the vessels radiate from the dise with a
certain recularity of distribution so as to maintain a star-like appearance.  There are,
however, among the Viverridie and Canidie a number of animals the vascularisation
of which is not star-like, but the main trunks of the vessels run straight upwards
ﬂ-”[l {'I'1 F]jllul:"l}' l}l LAV B “-'Ell'{]-ﬁ.

In a large number of the Carnivora, more especially the Felidee, the dise 15 cup-
shaped, lying below the level of the retina, the main trunks curling over the edge.
1‘|]l_‘, -Ell:ll]l‘,‘-?ll'illlﬂﬂ (Ir llliH L'!lll'i ]’f_.“H{"IHI}I{,’!H tll!_" ﬂl"l'llg!"]]i.tﬂ] l'.’{'il]dit-i”'!l j'ill'l'l“']'l ill :“:I]'I s t-l]l}
& I:-h}*ﬂiulug'lml cup,” but is still more marked, closely resembling the pathological
condition known as glaucomatous eupping.

In all the Carnivora the dise is round, with the exception of some of the Viverride,
in which we find horizontally oval dises, and in the Canidie, in which the shape of the
dise varies considerably.

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

The refiaction shows but H]i:‘_flll :ln-pzil'lu]'u from t’IIIIII{-"iI'{I]IiEL As a rule, there is
little or no astigmatism, thus showing a marked eontrast with the Ungulates. The
axes of vision are never parallel, but the divergence is in general but slight, measur-
ing 5° to 207 for each eye. There is a complete absence of the power of convergence,
at least among the wild species of Carnivores ; and even domesticaied animals, unless
E‘!I]Eﬂiﬂ"}" tl'Ei.-illE{l, l,ll']' I!Htu Ty e t.hl'_‘.'il' {_'.'-\'l"H {'!itl“_"]' ﬂ'}l' ET'!]]\'ETL"I_"T'IL"’E or \'iHEl:’l] I:I"|':|J'|'J\-"'l‘.'-‘;1
but they move their heads when they want to see in any direction other than the
primary position. All the Carnivora, with the exception of the Skuunk, have a
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movable Membrana 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
a bright green, and frequently hoth these eolours are found intermixed.

The appearance of the Fundus oculi agrees well with the usually-accepted groups
of the Carnivora, the only marked exceptions being the Cynictis, the Suricate, and
the Canadian Skunk, the two former resembling the Suidw, the latter having several
P{}intﬂ in common with the Rodents. These three animals ought ev illeuﬂ}r to occupy
a lower position than that assigned to them, unless other eonsiderations outweigh the
indications afforded by the appearance of the Fundus oculi and other characteristics
of the eye.

A f’:'n.ur';rr'rh'ﬂ, [:]}IELH.E ?,}

1. Otaride.—I have examined a Sea Lion ((taria jubata). The retinal vessels as
well as the dise resemble those of the Seal, but the colour of the fundus is orange-
yellow.

2. Phocide.—The British Seal { Phoca vitulina) has a fundus of a very pale straw
eolour, stippled throughout with minute emerald-green dots, a stippling which is
almost universal among the higher Carmivora, but the fundus 18 umiform i colour,
there being no peripheral zone. Although there is evidence of the existence of a
Tapetum Ineidum, we do not meet with the same brillianey of colour that we find in
the |“'m.'-n'|u=|1i.'|, The [}IIP”. of the Seal 15 circular when dilated, and eloses down to a
narrow vertical slit with parallel sides. The refraction of the Seal presents points of
great interest, as | have explained in a short paper read before the Zoological Society
of London.® The eyve is :tr-:ti;_:mnli{-., the refraction \r‘.'u"}'illg Inrlti:ri:l"}' :lﬂﬂﬂl'd;ﬂg as
the eye is accommodated for air or water. This wonderful contrivance, which
evidently enables these mnf:hihiuuﬂ 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 Sea Lion have a well-developed Membrana nictitans, but
do not seem to make much use of it.

B. Fissipedia. (Plates 7-11.)

1. Felide.—All the Felide, viz., varieties of the domestie Cat, the Siamess and
the Kaflre Cat, the Serval, Tiger Cat, Ocelot, Cheetah, Puma, and the African
Lion, have that peculiar cupped dise so common to a large number of the Carnivora.
The dise is round, varies in colour in the different genera, but is always surrounded
by a bright-coloured fringe, mostly emerald-green. The fundus is either divided
into two or three coloured zones. The central zone is usually golden yellow, the

¥ See ' Proe. Zool, Soe.,” 18533,



OF THE MAMMALIAN EYE, ETC. 17

intermediate green, and the peripheral red. brown, or purple, the central zones
being invariably stippled with minute dots. The distribution of the retinal vessels
varies in detail, but generally three or four main branches pass diagonally from the
dise to the periphery.  Choroidal vessels arve rarely seen ; 1 have only found them in
the red peripheral zone of the Siamese Cat.  The pupils of all the Felide are
round when ﬁﬂ]}' dilated, munlt'zwtiu_t_l; to a \'-E'I".i{‘ill]_".' oval slit, or in some cases even
to o Htl‘ui;_{}lt hne m all the small ammals ; while i all the ]:u':._[t* Felidse, viz., the
Lion, Tiger, Cheetah, Puma, Ocelot, and Serval, the pupil remains round and eon-
tracts as with us.  The smaller Felidie can absolutely exclude light by the contraction
of the pltpi] to a vertieal line (all chinks F:e-iug excluded ]l:'.' the uveal }riglm-ui_L which
the larger Felidee cannot do, sinee vound pupils eannot close entively.  Although
the domestic Cat presents a general resemblance to the wild Felide, a difference in
eolour of the fundus exists in every variety that I have examined, and in many cases
the coloured pigment of the |IE.‘!‘;f:]!H"I':l] zone encroaches in the form of large patehes
on the Tapetum Incidum.

Domestication and artificial selection evidently affect the colour of the Fundus
oculi in a profound degree, and a study of the fundus of the numerons varieties of
any of our domestic animals, more especially the Cat and Dog, would well repay the
labour of investigation. 1 have likewise found that the reftaction of domestic animals
18 not the same as that of the wild species—the tendency being always in the direction
of myopia and astigmatism.

2. The Viverride.—The genera Genetta and Paradoxurus closely resemble the
Felidae, and in the Herpestes we have also a tamily likeness.  The Mungoose (Ier-
pestes griseus) has the peculiarity of a broad prussian-blue peripheral zone, surround-
ing a grass-green central area.  This is the only animal in which the ophthalmescope
has revealed a prussian-blue periphery.  Blue and pure purple arve the ravest eolours
in eyves ; | have found them as narrow zones in the Racoons, Jackals, and Foxes, and
occasionally distributed as patches over the fundus in the domestic Cat.  The
Spotted lehneumon (Herpestes nepalensis) has the entire fundus eovered with orange
patches and brown dots very dense in the peripheral zone, but spread over the entire

-fundus.  The Tayra (Galeactes barbara), belonging to the Mustelidze, has similar patches
over the entire fundus, whilst in the Common Otter { Lutra vulgaris) and in some of
the Bears these orange patches arve confined to the intermediate zone. 1 can offer no
explanation to aceount for their presence.

The genera Cynietis and Suricate have an appearance entirely different from that
of any other of the Carnivora. The colour of the fundus is dark grey, similar to that
which we have seen in some of the Primates, and such as we shall find in the Suida.
The fundus is uniform throughout ; there are no zones and no Tapetum lucidum,
The cup]}iug of the dise is absent, and there are :-:13111'1-{1] KR LIE THET Ve fibres 1‘m“uiiilg
from the dise, an appearance which we shall again notice in the Ungulates and
Rodents. The Cynietis 15 the {::||:|.' Carnivore in which | have found a |mt‘i.’-5::t]t:l'ﬂj.'

VOL. OXCIV,~- B, I
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oval dise similar to that of many Ungulates and certain Rodents. The dise is
covered with o network of black lﬁgttwnf, which we shall meet with in the Cervidee.
I can offer no suggestion as to why the Suricate and Cynietis should differ so entirely
from all the other Carnivora. The Cynictis and the Suricate have, moreover, the
horizontally oval pupil common to the Artiodactyla. The only other Carnivores
which have horizont Fl"“\" oval |Illi}i1.‘~] are some of the Hel]mstea; the other Viverrid:ae
have all vertically oval pupils like all the smaller Felidz,

The divergence, refraction, and Membrana nictitans arve the same as in the Felid:e,
In one other respect again the Spotted Ichneumon (Herpestes nepaleiisis) forms an
exception ; in fact, it has a peculiarity which I have not 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 (‘hameleons,
must be due to a special mechanism of co-ordination, and it would be worth while
investigating whether there is any variation in the ::]:t.i{‘: cOmMmissure,

3. Hyenide.—All the Hyenas, viz., . striate, H. croenta (Spotted Hymna), and
H, brunnea (Brown Hyeena), resemble the Felida and some of the Viverridae, having
the same retinal vasceularisation, and the fundus divided into three zones —the peri-
]}h!:‘!'.'ﬂ violet, the intermediate green, and the central gult]t—‘:ll _‘r:—zﬂuw. The disc is
brown and not cupped ; the fundus is covered with minute dots as in the Felide.
Thi—: El'ltl}i].‘i l'l-l'. u“ I.Ifll't‘!l: H'Fll_‘."{'!i["ﬁ anre \."(_‘.'I't.i{,‘&l"}r ﬂ\.‘l:].] ";'r'IIEII tlll;} u'-l.]']"ll'llill i.'."'i 'rl.t 'I"l_‘!lit, :.':H
soon as 1t 1s disturbed by any noise or in any other way, the pupils instantaneously
dilate to a complete cirele as if the animal had its iris under control.  The fact that
the Hy:enas are distinctly night animals may aceount for this dilatation of the pupil
when the animal is roused. This likewise accounts for the brilliant yellow central
zone which throughout the Carnivora invariably occurs in nocturnal animals, being
].E'Elﬁl. E'I:Hil'kl‘-“'.l i.ll tll”ﬁl" \\'II;“II 'E:I'I'l'.'“'] at Tl“sk ﬂ]"ll}'.-

4. Canide.—The fundus of the wild Canidse, like that of the Fehd=e, Viverrida,
and Hy:enide, 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 Tapetum lueidum 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 dise.
We shall find this distribution of vessels very marked in the Artiodactyla. The
peripheral zone is, as a rule, wider than in the previous families, and in many cases
includes the dise.  To judge by the Fundus oculi, therefore, the Canidie ought to be
classed immediately above the Hymenidee.

My observations bear out HAECKEL'S contention that among the Canidse we must
in the first instance recognise two distinet groups—the Wolves and the Jackals on
the one hand, and the Foxes on the other. The fundus of the Wolves, Jackals, and
Foxes do not show, it is true, very marked differences, They all have the vellow
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and green central zones, the l]i_-.ri[}ller:.' being brown, which is frequently bordered by
a narrow purple-blue zone. The dise 18 never round, but varies in the different
species, being triangular, lozenge-shaped, or kidney-shaped.  But there is one
striking difference between the Wolves and the Foxes, and that is, that all the
Wolves have round pupils, whilst the Foxes have oval pupils. 1 have examined the
Indian Wolf ( Canis pallipes), the Praivie Wolf (Canis latrans), and one or two other
Wolves without any marked difference in the species.  The same holds good for the
Black-backed Jackal (Canis mesomelas) and the Commaon Jackal (C. awrens).

The Common Fox (Canis vulpes), Azara’s Fox (C. Azare), and the Fennee Fox
{Gl'f.i‘l.f".‘i I'T'F'ffﬂ) are i'I,IHH \’El'}' Hi.l'lli]l,l'l', Ex{:f:}lt- t.-l]?l.',. t.l]l.'! H}I:IIIH I.II|I EI:H:" lIiHl'_'. \'Fl!'.ll‘.": SO -
what. The Aretic Fox (C. lagopus), to my great surprise, showed no appreciable
difference from other Foxes. [ examined him both with his brown summer coat and
in his white winter coat, but the appearance of the eyve remained the same. It seems
as 1f animals with normal seasonal albinism have not the absence of pigmentation
“"hi('h we ﬁ'l:l.ll i'[l. tl'llf.L ;\”:itum

The domestic Dog, as in the case of all domestic animals, shows variations in every
mdividual ; but in no case have I found such an enormous differentiation in the
colour and the appearance of the fundus as in the Dogs, the difference being very
much more 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 1.'|1u}' will l'f*.t|lli['u a ]]][lIlnzf_lr]‘Jll:lil to themselves. HarckeL seems to be 1"Lg|:’[ i
l!i‘!'iving the domestic Dogs from the Wolves and Jackals. In fact, all the Dogs
which have come under my notice, with the sole exception of the Racoon-like Dog
(Canrs proeyonides), have the round pupils characteristic of the Wolves and Jackals in
distinetion to the Foxes. The Chou-Chou Dog of the Chinese is remarkable in
hﬂ:"ﬂ'iﬂg il ].lri”i.illlt ll"'il]'lgl:.‘-'“]'l.'-ll ﬂ"]:l"ﬁ- 1I.'r'it]'l il h].ﬂﬂ].': il[‘l'iflht’!"ﬂl A0 {.'-l]"r"l:l'l_."li!. “‘iill I]].";H]I.
pigment patches, a fundus unlike any of the other Carnivora,

The fundus of the Cape Hunting Dog ( Lyeon pictus) closely resembles that of the
H}'Eﬂlli{izn. and in this respect differs from all other Canidie,  Frower, in his work
on the Mammalia,* draws special attention to this resemblance on other grounds.
The Australian hillgﬂ. on the other hand, seem to bear resemblance to the Wolves,
The Racoon-like Dog (L) procyonides) resembles both the Foxes and the Racoon in
h:u‘ing a ".'(:t't-iﬂn“}' oval pupil, the fundus Htt'ik;]‘lgl}' |1_-:-:|;:|||'|-|iug that of the Racoon.

On examining the Dogs, 1 again found that whilst all the wild Canidze, as indeed
all the Carnivora, are emmet ropic or slightly hypermetropie, and, as a rule, free ot
aﬁtiglll:itiﬂlli, the domestie animals had a te.ndcnu}r towards :mtigmu,ti:-;m and |||3,'{Jlria.
A few of the domestic Dogs seem able to move their eyes to a slight extent in follow-
ing an object, but I did not notice any such movement among the wild Canidze.

In the ]}ingﬂ and the Bacoon-like Ilng, 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,’ hy W. H. FLowER and R. LYDEEKER, London, 1891, p. 553.

o 2
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to all the Mustelidze, Proeyonidae, and Urside.  This appearance is best compared to
very coarse crystalline sugar, showing coloured facets densely spread over the peri-
pheral area, encroaching more or less into the Tapetum lucidum. All the animals
which have this pecubar erystalline appearance of the fundus have a lens showing
distinet concentric 1'][1;.,":-'-, which alter the refraction mm such a manner that the
periphery of the fundus cannot be clearly seen. It may be that the erystalline
appearance of the pigment observable with the ophthalmoscope is due to the differ-
ence in refraction of the various parts of the lens.  The erystalline appearance of the
pigment oceurs only in the Carnivora from the Canidse downwards, but the concentrie
1'5|1g!-: noticeable in the lens of these animals likewise oeeur in the Insectivora, Rodents,
Edentata, and in some of the Marsupials.

5, Mustelide.—All the Mustelidie have round dises ; in some it is cup-shaped, the
vessels arising at the margin of the dise and curling over it as in the Felide, whilst
in others they radiate from the central stem. The Canadian Skunk (Mephiiis
meplitica) has a pure white dise in which no trace of vessels ean be seen. The colour
of the fundus varies in different members of this family. The Polecat (Mustela
putorins) resembles that of the Jackals, and so does the Cape Zorilla (fetonyx zorille).
In the Common Otter (Lutre vulgars) the intermediate green zone 1s strewn over
with orange patches similar to those of the Spotted Iehneumon, and this is again a
feature in the Tayra (Galictis barbara). The Pie-Marten (M. feina) has a reddish-
brown peripheral zone, and patches of a similar reddish-brown cover the green inter-
mediate zone, whilst the central yellow zone is covered with similarly coloured dots,
The Sand Badger (Meles ankuma) bears little resemblance to the other Mustelidee,
I].‘l\'i!ig il 'I."{]]i.' i.ﬂh b | E'El"n'i'-li].il" I.'I.][HI"H' {":HI".'E"I","II “’itll gl'!_.‘(‘!!l {I{ltﬂi' tll{;‘ IH?!'JI.I!IEIH]'EI.] FARTIE ]!I'Ei"g
bright vermilion.  But for the move prolific vaseularvisation it might be taken for that
of one of the Felids, |'l+5,t=tuhl'|n_¢; somewhat the Siamese Cat.

The Canadian Skunk (Mephitis mephitica) differs entively from any of the other
Carnivora.  The dise 1s white and uup-.l-:|:|;i.|1t::| without any trace of vessels, whilst six
branches arise at the extreme edge of the dise.  Opaque nerve fibres radiate from the
dise as they do in the Surieate and the Cynictis, forming exeeptions to all the other
Carnivores.  The fundus is of a pale canary-yellow, changing to a dirty mottled drab
near '..iIE’ ii WL Illill'gill “I‘t]'lt'! l].i.:"“..’. rI.'|I:Il_".- ..I.‘i'l.l}ﬂtlllﬂ Il]{]i[l"lll iI'I. tIIiH H.ninli'l] jS UF H Ilulc"l
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 Ptevonys magnificus.  Besides this resemblance to one of the Rodents,
the Canadian Skunk has several other |mi||t:¢ 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 hypermetropia (viz, 5 D), all of which peculiarities
are common in the Rodents,

6. Procyonide.—The American Racoon (P. lotor) has points of resemblance with
the Mustelidie as well as with the Bears. The fundus of the Bassarieyon (B. allent)
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resembles that of the Cape Hunting Dog and the Hymnas, except that the wviolet
peripheral and intermediate green zones are considerably hghter in colour.  The
Kinkajou (Cercolepies codivolvnlns) has a ved peripheral zone with a }'P"uwiﬂh—ngu
tapetum, with yellow and green dots and streaks and a cup-shaped dise, thus some-
what resembling the Sand Badger. The Ringtailed Coati (Neasua rufir) has a brown
]nuril;tlmml area and a |}|'ig|]1. green tapetum with }'eunwiﬂll 1mtcht=.:~s, an appearance
common to all the Bears. The dise is round in all the Proeyonidwe, with the excep-
tion of the Racoon. The Membrana nictitans of the latter is vestigial as in ourselves,
whilst in the ]{illk:gj:m it 15 well I.Im'elul:lud, and forms with the t:nlljl.lllct[‘r.'l, a sort of
loose bag which contracts over the 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 i the Bears and common to a
number of the lower Mammals. The Coati, like the Bears, has a Membrana nietitans,
which 1t un]}r uses when 3|L‘f:‘|l:.'. The resemblance of the Racoon to the Polecat and
of the Coati to the Bears, as well as the fact that all through the Mustelidae, Pro-
eyonidee, and Urside we find the ecrystalline appearance of the pigment in the
fundus, and the concentric arrangement of the lens fibres alveady referved to, shows
that, with the exception of the Canadian Skunk, the classification according to the
eve agrees with that of Gapow which I am f'u”m.'rin;,;‘.

7. Urside.—The Syrvian (Ursus syriacus), the Black (Ursus wmericanus), the
Malay (U, malayanus), and the Sloth Bear ( Ursiius maluwisns) have practically the
same fundus; a central area covered with yellow patches and a purple or purple-
IJI'H“'H I]l*l]HL‘I}'—I]igll“"[ltl_"[j. 'Ill_"l'i].l]'ll_"l'El.l FA fll tllﬁ_f li]ill’,"k ]'iff'ﬂ.l' :'l.ll[i. ',il{"' HIUT.I] BE‘E“'.
orange pigment is distributed on the border line between the two zones, and in the
Malay Bear the peripheral pigment extends into the green in the form of light
purple patches. The dises are all round and more or less cupped.  The pupils are
round in all except Ursus americanus, in which it is vertically oval, dilating to a full
ﬁi]'ﬂlﬂ. 'l‘]ll! ]3‘.".-1..1'.‘5 iln'-].-\'l".- H I"‘IUIII}I”I]]E ]'l‘lﬂiiljﬂlﬂ 'l"l-']:liﬂ]l !::I[lll_‘.l.‘I COles 'I!'II'\‘I.'E.I.].'[]. '\'l'llﬁ_'" thL::ll.
are sleepy.  Ursinus malursus volls its eyes constantly backwards and outwards with
arn i.'.xl:]'mllel_‘r' 1‘41}!511 movement every few seconds, wlll.h[lr.'uriug them at the same time
into the sockets in the same way as the Rhinoceros does.  This movement enables
the animal to sweep the horizon without muring its head.

V. UwnguraTa. (Plates 12-17.)

In examining the Ungulates, 1 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 ]:L!‘;:[:E retinal vessels, whilst the other
Ungulata have either a few fine vessels restricted to the vicinity of the dise, or a
fundus devoid of all trace of retinal vessels.

The pupil is horizontally oval, except in the Elephant, Tapir, and Rhinoceros, where
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it is eireular.  The ris 18 ll:l]'(ll}f sensitive to mydriaties, but contracts well to strong
Ii_ght, As a rule the iris shows two distinet la_';'ers-:, a number of U]]gulutg}ﬁ ]u;_‘!.'ing
either pigmented excrescences on the border of the iris, or a special development ot
tissue from the superficial layer. In either case the ohject is to shield the very large
pupil against glare. In the Hyracidwe it is developed into a special organ (see pages
27, 57, and 39, and also Plate 29).  As regards refraction 1 could detect no myopia ;
nearly all the animals 1 examined were emmetropie or slightly hypermetropic, all
being more or less astigmatic.  All Ungulates have a nietitating 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 Tapetum lucidum,
this is not invariably the case. As far as ean be judged with the ::Ilhtlm]nmst:l}p[:
the Camelidee have not got a tapetum, and 1 have been able to convince myself by
anatomical as well as |}|}||thallmmqlic examination that the Suidae do not possess one
either. The Suidae have a transparent choroid similar to our own, and this seems to
be also the case in the Camelide. I we regard the Tapetum lucidum as an opacity
of the choroid both with and without struetural eolour, then no doubt Rhinocercs,
Elephas, and Hyrax are possessed of a tapetum, but the dull appearance of the
fundus forms a striking contrast to the brilliant hues found in the other Ungulates.
Moreover, those Ungulates whieh have a characteristic Tapetum lucidum have also
a Tapetum nigrum, or at least a densely pigmented peripheral zone, while the
Rhinoceros, the Elephants, and ]‘[:,.’I‘.'U: show no such differentiation. In order to
see exactly where the difference lies, the examination of freshly enucleated eyes

15 NECESSATY .

A, Awtioductyla.

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.

() Selenodonta (Runianants).

The highest Ruminants show some resemblances 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 fundus above the dise is supplied entirely by a
single very large and lu'nminent. trunk, which runs vertically upwards. From this,
horizontal branches run outwards at regular intervals, giving off fine branches
which pass downwards, parallel to the parent trunk. The Goats alone form an
exception, the branches spreading obliquely from the main trunk. This peculiarity
of the vascularisation forms a marked distinetion between the Goats and the Sheep.
Fine capillaries supply a specially sensitive area, which forms a broad hoerizontal
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streak jllHt ;ll:lf:".'t't the dise.  From the two main trunks, which pass |}|1]if[11£:]y down-
wards from the :ﬂﬁn, minute vessels and 0.-1pillurit-5; ascend to reach this H|u_'{':iu] Area
from below. By this arrangement of vessels the sensitive area is practically
unobscured.  The Selenodonta, with the er,'t=|:-t-im| of the Camelide, have a well-
I'E'I.Ell'l'(ﬁ,'{l rI.Ilil.]i["llllll lll{:'-ll:tllill Hllll rrill!etu“l Iligl‘llll].

1. Bovide.—The fundus is divided into three zones similar to what we have found
'JITl tllf‘ {.,ill'l'li'r'ﬁllﬂ‘—ﬂ 1K‘|‘il'll:ll."i"-'l] 'Ellll']]lf'-l!l'ﬁ“'n Zone ‘l."-'it]'l: f__FIElH Hh"“'ii]g ”:H.’ llllfii"]']lﬂ'illf_{
green, which is the predominant colour over the rest of the tundus; an intermediate
zone which is yellow, spotted with green dots all over, and a central arvea distinetly
vellow.,  This is the case in the Zebu or Indian Ox (Bos [udicus), in the British
Wild Ox (Bos tawrus), and also, generally speaking, in the domestic Cow, although
here, as in all cases of domesticity, considerable variations oceur in different
individuals,  The Sheep (Cris) Q‘!If'ﬂ-ﬂ_‘:]}' resembles the Ox as far as the vessels and the
dise are concerned, the only difference being the ecolour of the fundus, which is of a
pale slaty-green with tiny orange stellate dots. The peripheral zone s purple-brown
as in the Ox, nn]}f more mossy, but without the gaps of green. These mossy pig-
ment putr'.huﬁ extend over the fundus to a greater tle*;_{re*& i old than young
animals ; in some eases they may even be found scattered over the entire central
H W EH

The Goats (Capra) differ somewhat from the Ox and Sheep.  The peripheral zone
1s very much the same, although 1t encroaches more on the central zone, resembling
in that respect some of the Cervidie. The wild Goat differs i colour from the
domestic Goat, the wild animal having a pale greenish-blue fundus, 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 jomed to each other by minute processes. In many cases in both Sheep
and Goats the pigment towards the Ora serrata, which partially determines the
colonr 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 lneidum
of the Ungulates, page 40.) :

2. Cervide.—The colour of the fundus of the Cervidie is similar to that of the
Bovidae, and they have the distribution of vessels characteristic of the Ruminants.
The dise, however, is very peculiar. [ts shape is, roughly speaking, horizontally
oval, but mueh more extended hL‘l’CI'ﬂ”}' in ]Jrn]un'tiuu to its width than in any other
group of ammals, exeept certain of the Rodents. In the Hog Deer (Cervus
parvcinus) it appears to consist of three separate dises placed side by side and fused
tﬂgether, each hu‘l.'il‘lg its 1main nrt.(-:l':..'. and vein leinginrr from the centre.  The

=
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colour is pink, and covered with a coarse pigment network as in Cynictis. The dise
of the Reindeer (Rangifer tarandus) follows much the same plan, but the pigment
network is less marked.  Opaque nerve fibres radiate brush-like from the ends and
top of the dise. The Doreas Gazelle ((Gfuzella dorcas) has a long oval simple dise
covered with pigment network, but the opaque nerve fibres are less marked. The
retinal vessels arise from three sources as in the Hog Deer, the two lateral trunks
spread irregularly over the pigment zone below the dise, while the great main
arterial trunk ascends vertieally through the green zone, and is distributed in the
characteristic way. :

In all the Cervida examined 1 have noticed a white fibrous band, extending from
the central trunk at its entrance in the dise to the posterior capsule of the lens
(fie. 1, @ and b, Plate 28).  This phylogenetically important organ will be discussed in
the r;lmlllel* l-{ﬁillillg with ‘L'th-;tigi:ﬂ relics and G{}Ilgellif.ul defects {:-mu P 5'.']}.

3. Camelide.—An examination of several species of the Dromedary (Camelus
dromedarius), the Bactrian Camel (Camelus bactrianus), and the Llama (Llama
peruviana) showed no essential individual differences, the Dromedary being practi-
cally indentical with the Camel. None of the Camelidee have any peripheral zone,
the fundus being of a uniform colour. These are also the only Ungulates in which
any choroidal vessels ecan be seen—a feature peculiar to red or brownish-red fundi. The
(_:',l]"l'l_l'_’] h;l,H. il l|ll"l.'l"lﬂu'||i!‘1]’l‘-|"[’.l] ﬁll]lIlL“i H] i.gllt-]j.’ .‘itilll]ll;‘:[l “'it.ll l_].ill'k gl'l’_ﬁ}' (]Utﬂ 'E_',‘\"El'}'“‘hﬂl"{i,
The dise is round, depressed below the surrounding level, and the arteries and veins,
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 downwards from the dise,
while a broad zone, free from blood-vessels, with opague nerve fibres and stippling,
extends as a horizontal streak immediately above the dise. The Llama has a very
large slightly oval dise, but the distribution of vessels is the same as in the Camel.
The fundus is of a brillant magenta, eovered with deep red choroidal vessels and
E{.t.ij!lil];{:l:'l i'_'!\'l'_'!'r'}'“'hl_‘]'ﬂ hﬂi”“’ tl!l_,'! lliHl:-" “'ith []Hl'l{ I"EII {ll:,lf,-.‘i, r].ll}lﬂl'ﬂ flne 1 {II'I-:"I.Elulj nerve
fibres, but the special sensitive area immediately above the dise forms a horizontal
band nearly devoid of blood vessels, as in the Camel. As already observed, the
Camelide have no Tapetum lueidum.

4. Tragulide. Chevrotain (Tragulus javanicus).—The disc and the distribution o
the vessels in this animal {'hmul}' resemble those of the Cervidae, except that the dise
15 still more densely pigmented and perfectly oval, and the vessels all arse from the
centre of the dise. The fundus above the disc is a pale yellow-green, dotted every-
where at regular intervals with large stellate brown dots.  The peripheral zone eon-
sists of an agglomeration of violet-brown pigment spots, giving it a mossy appearance.
There are no opaque nerve fibres, but there is a well-marked, bloodless, sensitive area.

The Chevrotain possesses a peculiarity otherwise met with in the Leporidzae only,
viz., that the retinal vessels stand out above the surface of the retina in such a
manner as to cast broad shadows on to the brilliant green background. To focus
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these vessels sharply, T required a difference of four dioptries as comparved with the
dots on the background, thus indicating a difference of level of 1-25 millimetres.

{l’:) Bunodonte.

i ;.'lIJI;?‘IH}PI'J'HT-HH.(IF.E_-—TIIL‘ {l]ll_‘_q-' I“Ilimpt'lt;l]]]llrj which allowed me to ;apprnru-l. b
.l-:u!l'u:it'.llt']}' near for examination suftered from n]mf‘.ilivﬁ of the cornea, 1 could, how-
ever, discern vetinal blood vessels, and the fundus seemed of uniform eolowr,  The
orbit forms an exceedingly prominent tubercle on a level with the ear. The eyes
are very far apart, forming parvallel lines with the ears, The range of vision of the
eves 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. The eye is
surrounded by a wide area of pink, unpigmented skin. The eyelids form a complete
"t’.ﬁh_‘}" I'illf__; round the eye instead of two f-u_-}'n.'u'ﬁil- lids. The sclerotic 1s of a ||:|iL‘
orey-pink colour.  The pupil is very small horizontally, pointed oval, and contracts
with light to a horizontal slit.  Only traces of eyelashes are present.  The nictitans
is well developed and lies in loose folds, but it never extends beyond halfway across
the eve. The animal cleans its eyve by bringing both lids together over the ginll',
which at the same time retracts into the orbit, but never moves the eye upwards and
outwards as does the Rhinoceros,

2. Swide.—The Pigs differ entively from the Ruminants, resembling rather the
Suricate and the Cynietis. The general colour of the fundus of the Wild Boar is a
purplish-grey, coarsely stippled, a eolour only met with in some of the Monkeys and the
:'Llh_ﬂ'(!—l‘l-:'tlllﬂ(l Uill'lli‘;'l}]'ﬂ. FI‘II';! []i..‘i(_!- 'i.H .li'l,l'gll'_‘.' .';”I{l I'IUI'EHU'[I.'_'H”}’ O'I'Eil, 4'I'|'|.ll il tll”]]]!l.‘r Hr
arteries and veins radiate from its centre. The veins arve exceptionally large, being
five or six times that of the corresponding arteries.  Innumerable opague nerve fibres
radiate from the disc. There are no zones, the colour being the same all over the
flli!du:-l, nor is there any tapetum or any differentiated avea devoid of blood-vessels,

B. Perissodactyl.

The Perissodactyla have tundi devoid of retinal vessels. The Rhinoceros shows a
much more primitive fundus than the other Perissodactyla, more so than either
Tapirus or Equus, and even Elephas and Hyrax.

1. Bhinocerotide.—There is uMulutteE:_.—‘ lll}lllilt:l_[ to be seen in the fundus of the
Rhinoceros but a large eivenlar white dise in the centre of a violet-brown field covered
with a faint network of coarse stippling.

The Rhinoeeroses have small bright twinkling eves. This * twinkle " is due to a
rapid oblique movement of the eye outwards and slightly upwards, a movement which
the animal performs every few seconds. This occurred in all the species examined.
This movement may be for the purpose of protection, to enable them to look around
without the trouble of turning their large, massive heads. It also seems in some

YOI, CXCIV.—B, E
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measure to replace our “ winking.” The eve is placed so as to have an uninter-
rupted view forwards and laterally. The skin round the eve forms large irregular
folds, the outermost being about 5 inches across. The two lower folds form a right
angle, while the upper fold forms a portion of a cirele.

The pupil is round, 9 millimetres in dinmeter, surrounded by a dark brown iris.  The
cornea, on the other hand, is not round, but formed of two intersecting ares of cireles
nearly corresponding to the angles at the canthi. A well-formed nictitans is present,
but although it is freely moved half’ across the eye, especially when the animal gets
sleepy, it never flashes across the whole eye as in the Horse.

2. Fguide,—The Horse, Burenery's Zebra, and the Wild Ass ( Eyuus taeniopus) have
a fundus divided into two zones. The peripheral zome is violet-brown and densely
pigmented, as we have seen in the Bovide, Cervide, and Tragulide ; the central
zone, which lies immediately above the dise, is entively stippled with purple-brown
Stl"“ﬂtﬂ {Il'lt'H an a {"['I]l]l]l'{fl]. gl'ﬂll]“l, II'I 1_]'“;‘! ]II'I]"HE ﬂ-ll{] zﬁ_‘.‘l}l'il, tl]c g]'ﬁu]]{l“'ﬂl‘]{ iﬂ ]
mixture of yvellow and green, whilst in the Wild Ass it is a mixture of vellow and
bluish-green.  The dise is oval and pink, and numerous fine capillaries can be seen at
the edge of the dise and ouly traceable for a short distance.  Opaque nerve fibres are
also present. The Horse closely resembles the Zebra, except that the colour of the
“"I[Illﬂ T-"Il'iﬁfﬁ i]'l:“\'i{lli?i"}', I.'H '}'i]iﬂill {"'..Hh'l-“l" ]FFE'I;_': ﬁ]i\'[ﬂ-gl‘ﬁl‘:]’l \'-'i',]l H llil-l'l\'. I}I"l]“']l
cireumferential zone.  All the Equida have a well-developed Membrana nictitans,
which they use freely. The piglm-ntmi prominences at the ﬁilgﬁ of the s, known
as the Corpus nigrum, are more highly developed i the wild animals than i the
t.:'llllf'! Oles,

3. Tapivide.—The Brazilian Tapir (Tapirus americanus), being a night animal,
I]FIH il I}I'Tﬂ'llt g[‘l]l’ll’_‘.‘”—j’l_"]ll’r“' fl;]ll{l'l]ﬂ Ht;l}l}lﬂ{l “'it]'l f'll'ﬂ]]g["—]'!}{l lll’}l.ﬁ H.II{] “-'1th Il U‘I"ﬂ-“gﬁ'
red peripheral zone. There arve only a few tiny blood-vessels, which are restricted to
the edge of the circular chalky-white dise.

(!, Probozeider.

1. Elephantide.—Both the Indian and Afriean Elephants have a yellow-ochre
fundus marked with more or less bacillus-like brown patches, which markings are
much move prominent and numerous in older than in younger animals.

The disc is round and of a greyish-white colour. A few eapillaries ean be traced
over the edge from the central depression.  The pupil is eireular, and the pink fleshy
nictitans, although well developed, 1s used but hittle.

D. Hyracoide.

The fundi of both Hyrax dorsalis and H, eapensis are practically alike and
resemble those of the Elephants. The fundus, 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 ]'[}*1-;1:\- has a Iwcu]i;u' contrivance, which consists of a small H|‘J:‘L{le—1iktr Iat'ﬂh‘ln-
gation of the external (superficial) layer of the s, which has its origin about
2 millimetres above the pupillary margin. - This special organ, which I propose to term
the Umbraculum, and which is pictured on Plate 29, 1s highly contractile, and its
surface is inclined away from the rest of the s m an oblique divection forwards
and downwards towards the cornea, which it almost touches when fully extended.
At each side of the insertion of the umbraculum is a horizontal sht in the s proper,
which is evidently necessary in ovder to allow of its complete contraction out of the
way of the pupil. Strong light causes the animal to extend this umbraculum, and at
the same time to partly close the pupil, the object being evidently the same as when
we sereen our eyes with our hand when facing the sun.  We can assume by analogy
that the prolongation of the iris found in a number of the Ungulates, including the
pigmentary excrescences known in the Horse as the © Corpus migrum,” serve a hke
purpose. The Corpus nigrum, however, differs from all the other ividie prolongations
in being a simple hypertrophy of the internal or pigment layer of the s, the s
fibres themselves not entering into it.  (See Plate 29.)

VI. Sigexia. VII. Ceracea.

Ophthalmoscopie examination was restricted to the eyes of a Porpoise about an
IIEHIT ﬂ-*lt'_"l' {i.l."il.ti]. IIth:L gﬁ‘llﬂl'ﬂ] ]JEH.’-]‘E:!:I'UHIH.I Wils I.]:H'“ of 2 ]IllliﬁII"HIlLtl.‘- W.'UII:H.“'.. rIIIIL-L
dise is comparatively small ; the arteries and veins, each seven in number, radiate
from it at l'i.'-glllm‘ intervals, the arteries dividing l]in;'.hutummml}-', but not the veins.
The skin encroaches over the u:ﬁ:hull 80 a8 to cover .'tl. all bt the cornea, ;-_j.‘i\‘ing the
appearance of a buttonhole punched out of the skin and the globe being pushed
against it from behind. There are consequently 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 indicates 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 1 found, as in the Seal, an extremely thick lens having
an anterior spherical and a posterior parabolie surface, with a very highly developed
ciliary muscle.

VIII. Ropextia.  (Plates 17-22.)

With the exception of the red and white Flying Squirrel (Pleromys magnificus),
the fundus of which bears some resemblance to that of the Skunk, and the Spotted
Cavy (Cwlogenys paca), which latter has a fundus not unlike that of the Tapir, the
Rodents show no sign of a Tapetum lucidum. They all have fundi which are uniform
in colour, showing various degrees of transparency. The vascularisation differs

E 2
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enormously in the various sub-orders, ranging from complete absence to the most
prolific distribution of vessels. The dise likewise shows a wide range of differentiation,
comprising both the largest as well as the smallest dise found in any class of
Mammals. In faet, there is a greater \':1l‘ii!t}' of type in this order than in any other.

Throughout the Rodents the pupil is eireular both when dilated and contracted,
the ul!]_}' {::cc'.i-lrLimn-: ln-.'lrtg the Marmots, the Ground Htlliil'r{;‘-L the 'L-'uipu and
Capybara, which have a slightly oval pupil.  All the wild Rodents show a marked
l.]{*.gl'uf.l of I!I:;'IIEH‘IIII"[1'[III]E1, which, however, tends to dimppem' in mlytivltt'}r, This
explains why those who have examined- domestic Rabbits and Guinea-pigs have
recorded such varied results.  The domestic Rabbits exhibit all degrees of refraction
and astigmatism, whereas the common wild Hare { Lepus enropeus) has a consideralle
degree of hypermetropia.  All Rodents have the power of retracting the eye into the
orbit, the lids I!!]n.‘-till‘!_'lf as the eye is withdrawn into the socket. The nit:t-if,uﬁng
membrane is in all rudimentary, as in Man.  The cornea is a perfect hemisphere, and
extends in most cases to the equator of the glohe.

The erystalline lens in the great majority of the Rodents appears to be made up of
concentrie eireles when viewed lhr{rug]l the :1!!1Iﬂh'11l11l:!.‘-}{:HIII:’?, which renders it very
difficult to examine the details of the fundus. The ophthalmoscopic appearance of
the fundus eonfirms the view now held l}_'}' Harckern, Gapow, and others, that the
Rodents must be placed very low down among the Placentalia.

A, Myomorpha.

The fundus in this sub-order is ved or greyish-pink, exeept in the Black Rat (Mus
rattus), in which it is \.1.'hiti.~;||-gt'ﬂ_r, the Albino variety hiwillg a pure white fundus.
The dise is usnally very small, and the vascularisation prolific and symmetrical, the
veins and arteries 1'.'uﬁiltiug ab l‘t‘gllléll' intervals from the central trunk, like the rays
of a Starfish.  Opaque nerve fibres are mvariably seen around the dise. The pupil is
round and eontracts to a pin's head.

In all the members of the Myoxide a peculiar white cord is seen passing from the
centre of the dise elose to the main vaseular trunk, thl':mgll the vitreous body as far as
the posterior capsule of the lens, near which it may be seen to hifureate, each terminal
being apparently inserted into the margin of the lens capsule. Sometimes this cord is
seen to be |1i;.§h|_5' pigﬂu:l:tml at its ul‘igin, the Ilig]m—‘.llt }millg !-}]J'I'I_’:-'L{l out over the area
which corresponds to the dise, but 1 could not be sure whether the cord arose from the
dise itself or from the main trunk of the central vessels. This cord, running from the
dise to the lens, 15 similar in appearance to that in the Cervidee ; besides this cord, 1
have often noticed a short, blind, sausage-shaped artery projecting into the vitreous as
a bud from the main trunk, and which often may be seen puls.u.ting. l’urhups this
should be eonsidered as the obliterated hyaline artery, but it is quite distinet from the
above-mentioned eord, and sometimes the two may be seen side h}' side.
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1. - Dipodide.—The Egyptian Jerboa (Dipus @gyptins) and the Indian Jerboa
(Aleetaye indica) have all the characteristics we have just described common to all
the Myomorpha, a pink or brownish-grey fundus and ill-defined dise, from the centre
of which retinal vessels branch out i all directions. At their origin the retinal
\'1’_"-"\"-“1[‘!]# COITe Ihl‘“\'ll'[l g0 as to form a l'iliH["il 1.]“1.1‘]].1.'! Ell'fli Htilni"]]g out ll}lll'l.'tl 1.|1H E]i.ﬁﬂ..
Around the dise opaque nerve fibres radiate, and the choroidal vessels are more or
IUHH ‘-'iﬁihll". '11!“_'! CI'}I"J. “'IIiUII runs r'l'lfl]]] tl!f_.'! lIi.“I{.'- Lo tllt,'! ]l"]].‘i i.H- IIEIIEL‘I}' IJi::'_‘;IIIuIIt.l'I{ at
its origin (fig. 3, a and b, Plate 28).

2. Geomyide.—The Cape Pouched Rat (Succostomus campestris) and the American
‘l"il.]'iﬂ‘i}’ {f?rrfulﬂ‘ffﬁ -I'E'HE{!'.F'E.I'.:'-I'H‘EEL‘J} ﬂ]“."ill."!ll}’ 1'E‘."il|.’|:|.|.h.|.l_.'! Hil.ﬂ]l fill.-] e, ilt"] lll'E'.“il"fl.i. HA T ?llJI]l"‘ill'El—[lCt'
partaking of the characters ot the Dipodidee and the Muridae, thus confirming Gapow's
classification.

3. Muride.—The fundus of the Muridae resembles that of the Dipodide, except
that the dise is reduced to a mere point and obseured by the central trunk, giving
the appearance as if the arteria centralis retinge was hardly surrounded by any nerve
t-;HH-lIE?. ’“I{f “I]‘tiﬂ Ierve of t.liE_.".'ﬂ:_f‘ Eillilllq’!lH “"Ililf'-h I ].Hi"l.'ﬁ ﬂ.'{ElHli.IH’II alter l![l"ﬂll"lll]“ll i-‘:'-
searcely the size of a cotton thread. The main vessels radiate in straight lines at
regular intervals without hifureating, giving the vascularisation a star-shaped appear-
1““:!,_", il Eltlilll jll ‘l\'llilﬁh 1.'“:.’}" [i.j..“li:!" III:I.I.'I‘:H[].I}" .r!'{llll t]ll! I.JIEIHH“[].EL‘., ill ‘W].Ii'.']l. 'l..IIIU "l'l_'-‘sf‘:-'k.‘i:*
each divide mto two or three branches close to the disc.

The Black Rat has a light grey fundus, in which no trace of choroidal vessels ean
be seen, whilst the Albino variety of the same species has a perfectly white fundus, on
\'l’]li{..".h {Fjll!l'[li:lill ‘L’EHHE}']H LeriA | ] ]lE HSeen s “'fll'lll—][kl:.‘ ﬁtl'ﬂ'_"ill{.‘;,

4. Myoxide.—The two Dormice differ considerably.  The Oak Dormouse (Myorus
dryas) resembles the Muridie, except that some choroidal vessels ean be seen as long
red streaks in the Imckgl'{mnd, whilst the Garden Dormouse (Myoxus querciins) has
a larger dise, and the fundus is entirely ecovered with a dense network of thick
choroidal vessels, which eause it to resemble the Chinchillide but for the characteristic
vascularsation common to all the Myomorpha.

B. Seiuromorpho.

The Seciuromorpha present great varvieties, and include some of the most curious
appearances to be found in any animal. The first point which strikes one is that the
American Beaver (Castor canndensis) does not in any way resemble the other Sciuro-
morpha with which it is usually classed, but has a fundus resembling that of the
Viﬂﬂuﬁhzl, the Chinehilla, and, more still, the l'[:,'l.]l'ucilz‘f:l'll:-t {,".'lll}']:nzu'u.

The next point is the great difference which the Flying Squirvels (Pteromys and
Sciuroplerus) present as compared with the other Seiuride, which again differ
materially from one another both as regards the shape of the dise and the vaseulari-
sation of the retina.
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The lens of the Squirrels is nearly spherical and the pupil invariably round.

1. Castoride.—Judging from the appearance of the fundus alone, the Beavers
should be placed between the Chinchillide and the Cavidae,  In the Canadian Beaver
(Castor canadensis) the dise is ecircular and white, having a deeply pigmented papil-
lary projection in its centre (fig. 8, Plate 28). Arvound the latter two or three
minute eapillaries 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 eves, moreover, are remarkably small con-
sidering the size of the animal.  The similarity between the Castor and the Viscacha
and Capybara is very striking.

2. Seiuride.—The Flying Squirrels differ entively from the true Squirrels and
Marmots,

Pteromys magnifices somewhat resembles the Skunk in the eolour of the two
AT (S T|!H_’. rlElII'I'l.]H iH. H{l]l_ll_‘!”—j’l_"]hl‘ﬁ' CT'!\'{_'.‘]"L".!], '“'itll tjl'[l“.'ll Htt‘!ililtﬂ lll}tﬂr Hi]‘]]]]ﬂ:l' ill.
appearance to those found in the {;‘r:ll.‘lguﬂ. The dise is white and ﬂu]:l'ﬁ&.ﬁi—u], g0 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.  Seiuwropterus volucella
has a similarly depressed white dise, but the fundus is uniformly deep searlet, covered
with small black streaks, there being evidently no Tapetum lueidum, not even of a
primitive kind, as innumerable choroidal vessels are to be seen.

The Marmots (Arctomys Marmotta and Synomys ludovicianus) and the Hlillil'l'{f]ﬂ__
other than those above mentioned, such as Seiwrus ludovicia s, Scrrus rm'!'s*f,mt-!fs,
and 8. vulgaris, have an elongated dise which extends as a narrow band, elub-shaped at
the ends, across the field, occupying i the Marmots about one-half of the entire
retina.  This long dise is hoth relatively and absolutely of a greater area than that of
any other animal I have examined. The dise of the Marmots and some of the
Squirrels have quite four times the area of the dise of an adult Elephant.  From this
long narrow dise the retinal vessels run upwards and downwards as broad red parallel
lines, a few vessels radiating from the club-shaped ends of the dise, giving the entire
vaseular arrangements the appearance of a centipede. The disc is white and depressed
below the fundus, so that the vessels eurl over the i:{lgl;-_ Tnnumerable opague 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
dise is .'ﬂ'l.‘r:ll}'ﬂ above the visual axis, and in several eases I noticed in the axis of vision
a portion of the fundus free of retinal vessels. In the Ground Squirrel (Xerus
setosus) the entire portion of the fundus above the dise is very dark and with very
little reflex, so that few details can be discerned. The Indian Palm Squirrel (Seiurus
pealmarum) seems to stand midway between the Flying Squirrels and the true
Squirrels.  The eolour of the fundus is the same as that of the true Squirrels—a pale
pink, rendered grey by innumerable opagque nerve fibres, choroidal vessels being visible
as in all.  The disc is cireular and cup-shaped, both the dise and the vascularisation



OF THE MAMMALIAN EYE, ETC. 31

resembling that of the Flying Squirrels.  From the centre of the dise a white cord
runs forward towards the lens (fig. 9, Plate 28).

C. Hystricomorple.

The fundus of the Hystricomorpha shows no retinal vessels, hut in most cases a
number of fine capillaries emanating from the arteria centralis retinme can be seen in
the dise, which is always round and white and nearly as large as that of Man, In
most animals of this sub-order other than the Hystricidse (Poreupines) a pecten-like
prominence, consisting of blood-vessels and pigment ecells, can be seen protruding from
the centre of the dise into the vitreous,

The ]I}'Htil‘ii'!l"rllli'll'llllil. with the H{ctzptinn of the Pt:t'(‘ﬂ}ﬁllt‘ﬂ {:I|}'Hll"=r'it1:|:}. have
strikingly prominent choroidal vessels, and their fundns resembles that of the
Marsupials. In the Hystricide, on the other hand, the choroidal vessels eannot be
clearly seen, the fundus bearing a striking likeness to that of the Edentata.

1. Clineliillide, —-Chinehilla (Chinehilla lanigera) and the Viseacha ( Lagostonns
trichodactylus) show ::n|_1.' a small trace of a * pecten " in the centre of a round white
dise, in which a few capillaries can be seen.  The fundus is devoid of retinal vessels,
but exhibits a dense network of prominent choroidal vessels on a bufl” or slaty-grey
background.  The dise is chalky-white, with some fine capillaries emanating from
the centre, but only to its margin.

2. Cavidwe. —The Common Guinea-pig (Cavia poreellus) hasa fundus similar to that
of the Chinchillidie, except that the opaque nerve fibres in the vieity of the dise
are more marked. 1 could not see any opaque nerve fibres in Chinchalle lanigeir,
although 1 saw some in the Viseacha ( Lagostomuns trichodactylus).  Differences are
to be found i the numerous varieties of Guinea-pigs, as they are domestic animals,
although in so primitive an eye the differences are not so marked as in domestic
animals of the higher orders.  The Capybara (Hydrocherns capybaia) has a fundus
rer-:(-.mh]'m:-_f that of the Chinehillidie and, as :!]I’l_‘:lll_‘f remarked, it resembles also that
of the Canadan Beaver. The resemblanee which the Chinehilhidae, the Castoridae,
and these Cavidae bear to the Marsupials is very marked, and we shall find this to be
still more the case with the Dasyproetidie. The Spotted Cavy (Cwlogenys prea),
however, differs materially from all the other Hystricomorpha, having a fundus in
which no choroidal vessels can be seen, but two distinet zones—one golden-yellow in
the centre, the other red peripherally—point to the existence of a Tapetum lucidum,

3. Octodontide.— Myopoteonus Coypr has an exceedingly primitive fundus, of a
type intermediate between that of the Hystricidie and the Dasyproetide.  In the
centre of the disc is a basket-like vascular protuberance similar to that of the
FPerameles lagotis.  (See fig. 15, Plate 28.)

4. Dasyproctide.—The Agoutis are particularly interesting, all having the pecten-
like 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 dise of the wvarious
species is round with minute arteries; opague nerve fibres are more or less marked,
and the fundus entively covered with choroidal vessels on a grey-black or buff
ground. The Golden Agouti (Dasyprocta agouti) has such a dense network of fine
choroidal vessels that it gives the fundus a red appearance, whilst in Azara's Agonti
( Dasyprocte Azare) we find a grey fundus with the choroidal vessels mueh less marked.
The resemblance between the Rodents and the Marsupials is most apparent in the
Dasyproctidze.

5. Hystricide.—The Poreupines have a fundus devoid of retinal vessels, and a
round dise, which is white in the Hairy Poreupme (Sphtngurus villosus), and bluish-
grey in the Brazilian Poreupine (Sphingurus prehensilis). The latter has a vermilion
fundus, with orange streaks, probably obseured choroidal vessels, whilst the Hairy
Poreupine (Sphingurus villosus) has a vermilion fundus covered with large lake-
eoloured dots, no choroidal vessels being visible. Neither of these Poreupines show

L

any trace of capillaries in the dise, nor any trace of a * pecten,” the dise being

7

entirely uniform as in the Edentata.

D. Lagomorpha.

Leporvide.—The Rabbits have a deep vermilion-red fundus, and the Hares an
almost lake-coloured fundus, but in other respects they are similar. A round-oval
white disc is to be seen considerably above the visual axis. From this dise large
retinal vessels branch out right and left in a horizontal plane, and the area they
occupy is covered by bundles of completely opague nerve fibres, forming a pair of
broad white feather-like streaks, which part at the dise. The faet that all the retinal
vessels run entively in these bundles, which are all above the line of vision, points to
an admirable contrivance of nature by which their inherent opacity affords no obstacle
Lo i}IL'! a"H]iH'lE’II-H \'iH;[JTl,

In the lighter-eoloured Rabbits choroidal vessels ean be seen.  In the Albinos, the
dense choroidal vaseularisation is visible, as also the places where the vessels enter
the choroid through the sclerotie.

The Leporidie, judging from the eye alone, ought to be placed between the
Seruromorpha and the Hystricomorpha, as the eye is no doubt less developed than
that of the Squirrels, whilst the presence of retinal vessels shows it to be of a higher
tyvpe than that of the Hystricomorpha, which resemble the Marsupials in all families
except the Porcupines, which approach the Edentata.

IX. Epextata, (Plate 23.)

The fundus of the Edentata is of the most rudimentary kind. But for some
hardly perceptible stippling the fundus is uniform in colour, a large round white dise
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 ophthalmoscope was focussed on the nasal side of the dise the
animals wineed 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 to the action of the choanoid musele than to the
pressure exerted by the lids. These appear to push the eve back, as the retraction
does not take place when the lids are forcibly held open and the cornea is nritated
with a brush. At the same time that the eve is pushed back into the socket the
elobe rotates backwards towards the petrous bone.

1. Dasypodide,

'”w Il-ildll':p' J‘!.I’Illitlili.”!] {f)l‘.fﬂﬁ'}”!ﬁ !'{I!l!rl':l‘ﬂ!r!'ai:' IlH.H- il ullil:.!]']i] I'{’.I.I.llih:ll"
brown fundus with a vound chalky-white dise, in which no trace of vessels ecan be
seen.  The dise is situated above and Hlif_fll.tl_‘i' |Nn-1'h:1'i-::l'|‘ to the axis. There 1s a dark
grey spot in the centre of the dise, but I ecould not determine whether it was the
-‘5'12“'1'!“' EJ'I. il I}it LR B | Pi;’"“_"ﬂlt"fl I'I‘I'U"l..llh!t'l'ill]('i". Hillﬂ"l." '.hl_’, ll]ll"l:l'I]H.I 1'["j'l|"E'l{.‘-HUII of tl]i" 11"[!3
COTTITTEE ’,l'l- 1'.].' 1.]:“;’55" ]Fl‘i]]!hi"fl.‘-‘ :‘Iil"l"li!]ﬁ I!]q'l].{'['h: 1[ l":\".‘l'i"l].i”‘!_f]!l‘h' l“ﬂil‘“]l Lo IlHL'l"l'tq'lit'I
details. The eyelids are well formed. The animal winks every few seconds, the eye
receding each time, while the lids bend inwards in the divection of the apex of the
stlﬂkﬂt. illH.t-ﬂa'l.[l l]r '.IIH “I}IH"I' ]i.l] H]i.l“'llg [1!]“’“ OVEer '”.H:‘! E':I.'E.': = i]] I:!ll.l'HH]"fl"H. T[n!
lower lid is very small, highly pigmented with black, and covered with vertical and
horizontal creases.  This movement of the eve also exists in the Echidna.  There is
no trace of a nictitating membrane,

2. Myrmecophagide. — Great Anteater (Myrmecophaga julwta).  The fundus
closely resembles that of the Armadillo, being of & bhrownish-red tint, uniform all over,
except for a faint streaky mottling.  Avound the centre of the chalk-white round
dise seven minute capillaries can be seen. . The dise is two dise breadths above and
slightly behind the axis.  The rhythmie retraction and rolling of the eye is the same
as in the Armadillo, but, Hll'r‘mg{; fo sy, this animal has a u'wl]q|L=.1.'e|n§rm] nit:iituf,itlg
membrane. The pupil is round, diameter 3 millimetres, dilating to 6 millimetres under
atropine.

3. Bradypodida.—The three-toed Sloth (Sradypus triductylus) has a fundus
closely resembling that of the Armadillo. No trace of vessels can be seen. The
nictitating membrane is wanting.

X. Marsvrrania. (Plates 23-26.)

All the Marsupials which I have examined, with the exception of the earnivorous
and nocturnal Tasmanian Devil (Dasyurus wrsinus) and the Virginian Opossum
(Didelphys virgintana), show a complete absence of retinal vessels, whilst with the
sole exception of the Squirrel-like Phalanger (Belideus sciureus) and the Black

VOL. CXCIV.—B. ¥
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Phalanger ( Phalangista vulgaris) the choroidal vessels were in all eases very promi-
nent, standing out as vermilion streaks on a brown or grey, and frequently almost
black, background. With the exception of the two above-mentioned Phalangers, the
Diprotodontia {:lnm-u:l:; resemble the ][}':-:tt'h:mnnrplm, Ext:ﬂ!:ti!lg the ]‘]:.Ts-;triui{l[[- ( Poreu-
pines). In the Diprotodontia we find the vestigial peeten—the sauropsidan vestigial
relic noticed in the Hystricomorpha, and particularly in the Dasyproctide. The only
Utilel‘ Mill".“i"].'iq'lk i]] “‘hi[:h ] I]El'ﬂ.' ﬁ]ll!]d .'*»‘li["h il I}{_’!l;tf.’." Wils t-]:“;! I{Elhhit't"ﬂ!'ﬂ[l llﬂ]'ﬂnlﬂlfﬂ'}
(Perameles lagotis).  All the Mursupials have eireular dises, and in most cases the
dise is covered with fine capillaries or a fine vascular network, which projects like a
dome-shaped cushion above it.  In almost every instance, opaque nerve fibres radiate
from the dise as in the Rodents.  All Marsupials have eircular pupils and an active
Membrana nietitans, whilst the Didelphyide 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 Peramelidie seem to me to possess the
lowest type of eye among the Marsupials, so that it is difficult to make a comparison
between the Diprotodontia and the Polyprotodontia.  Classed according to their eyes
only, the Didelphyidee, and possibly also the Dasyuridse, would form a separate sub-
order, highest among the Marsupials.

A. Duprotodontin.,

1. Phascolomyide.—The Wombat (Phascolomys Wombat) has the characteristic
fundus of the Diprotodontia above described. The eyes are small, the pupils are
large and cireular ; the nictitans is well developed and advances very slowly, about a
third across the cornea. Its nn}_\,-‘ use appears to be to protect the eye firom Iight and
injury, and not to clear the cornea from dust, &c., as the cornea i1s insensible to touch.
The light from the ophthalmoscope had an immediate hypnotic effect on the animal,
so that it was necessary to awaken it every few minutes.

2. Mueropodidie. —The fundus of the Kangaroos bears a striking resemblance to
that of the Agoutis. It is devoid of retinal vessels, grey-brown in colour, with
numerous prominent choroidal vessels. The eircular dise is covered with a vascular
network in the Short-tailed Wallaby (Halmaturns brachyurus), Besser's Tree
Kangaroo (Dendvolagus inustus), and both the Black-faced K'rm.g:u'm} (Macropus
melanops), and the Red Kangaroo ( Macropus vrufus) ; whilst the Brush-tailed Wal-
laby ( Petrogale penicilluta) and the Rufous Rat Kangavoo ( Hypsiprymuus rufescens)
have fine capillaries covering the dise and emanating from the centre. The Red
Kangaroo has the further peculiarity of a pigmented 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-faced Kangaroo has at the edge of the disc a white
bladder-like protuberance. ‘

3. Phalawgistide.—The Phalangers resemble the other Diprotodontia, inasmuch as
they all are devoid of retinal vessels, the round dises being covered with capi]lariea or a
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enghion-like network of vessels.  The choroidal vessels are ]HIII!'!H‘II]I'I.' |1|~nminc-||t. i1
the Flying Phalanger (Petourns seiwreus), and they ean be distinetly seen in
the Black Phalanger ( Plalangista vulgaris), but mot in the Squirrel-like Phalanger
( Belidens seiurens).  This last-mentioned animal has a brown-pink fundus covered all
over with I;u';,:l_-. black dots, while that of the Black Phalanger is ﬂ'l.':'tlu_‘r-wmtv covere
with vermilion dots, the periphery being entively covered with innumerable dark
brown pigment patehes,  All the Phalangers have a fleshy Membrana nictitans,

B. Polyprotodontie,

1. Didelphyide.—The Virginian Opossum (Didelphys vivginiana) forms an excep-
tion, inasmuch as it is the only Marsupial with a fundus divided into two distinet
zones showing all the characteristies of a Tapetum lueidum.  The central zone is of
the brilliant golden-vellow, pecubiar to noeturnal animals, the |wt'i||lat~r.-|] area greyish-
]'I]Ell?k “'i.tl] ;ﬂtl_"'l"!-lt;["l_'ﬂ tII'I.'I.J'I.'!L!_':I] 'L'l.'hi["h 1'][|I Hapamner ‘!_!'I'1h|['|]-}'|:"|.|l:l'||".' -H-I]ill{"ﬂ. rr‘llldlhI Ell!i'l'l'l:ll
and the Tasmanian Devil (Dasyurus wrsinus) are the only Marsupials with retinal
vessels.  In the Virginian Opossum these avise from the central artery, the vaseulari-
sation and the disc resembling that of the Jerboa (Dipus «lactaye), the same peculiar
i'l.[‘t]l.'i].k{‘ E'I.I"I'E'I.I!:._"EHIIL"II“,' [:II lilﬂ!‘ \'E"H‘H"TH I.H,";Ilg '[:I'I.'E".“'-'l"llll.. Thiﬁ "’]II’FF&.“L"II'I .Elq'l-."\' Eill“il]i'r
peculiarity, it has no Membrana nictitans, but a peeuliar contrivance takes its place in
the form of two folds of conjunctival tissue, which arising from either eanthus meet
in the middle line, thus elosing up the eye altogether, at the same time squeezing the
eye backwards into the socket. These two folds by their junction thus enclose the
cornea as it were in a loose double bag, giving it the appearance of a large @dematous
Elll}‘ tumour. The animal can I}l‘ﬂtl_‘utli_z or retract its eye h}.’ 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. Dusyuride.—The Ursine Dasyure or Tasmanian Devil ( Dusyurus wrsinus) has a
reddish-brown fundus with a bluish-grey slightly cupped dise, from which retinal
vessels branch out, no choroidal vessels being visible. The opaque nerve fibres in the
vieinity of the dise are marked, but not to the same [I{?gl'{_‘:l_‘: as in the next family.

3. Peranmelide.—The Bandicoots examined have prominent choroidal vessels. The
Short-nosed Bandicoot (. obesila) somewhat resembles the Kangaroos ; fine capillaries
radiate over the chalk white dise. The lens shows the characteristic concentric l'illg&
The eye retracts into the socket, and rolls backwards when touched, and at the same
time the Membrana nictitans flashes over.

Perameles lagotis has a similar fundus, except that a large area avound the disc is
densely covered with epaque nerve fibres, forming a large and very heautiful 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 eve protrudes. When

F 2
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the eye retracts, the lids elose together at the same time, and the nictitans is drawn
half across+ at other times the latter is barely visible (2 millimetres only being seen).
The nictitans and the lids seem to aet together by the same nervous impulse, for
[ noticed when 1 foreibly separated the lids the nictitans receded into the inner angle,
and when 1 elosed them the fold advanced half’ aeross the eornea, which was as far as
it conld go.  The pupils are round, both when dilated and eontracted. The iris is a
rich dark brown. No fibres were visible, but it showed traces of cireular l‘il’lgﬂﬁ
overlaid h:r a thick ecating of dark brown [ﬁgtm_-ul_'_ Innumerable pores, quite visible
to the naked eye, are seattered over the front surface of the iris. The free border of
the iris is covered at regular intervals all round the edge with a large number of
minute tufts of brown pigment like tiny Corpora nigra, which act as a sereen
when the pupil contracts.

The eyes are more lateral in direction than in any other Mammal, with the
exception of some Rodents, being only 15° from the horizontal (i.e., from a line
drawn through the orbits).

XI. MoxorrEmMaTa. (Plate 26,)

Through the kindness of some friends in Australia I suceeeded in obtaining several
]iviu;_{ Echidnas, and, after numerous fruitless attempts, ll]tit':'l,zl,tl:].:l,." suceeeded in
examining the fundus, which was of a uniform lavender colour with a chalky-white
vertical oval dise, neither retinal nor choroidal vessels being discernible. The fundus
thus EIIM‘:]}" resembles that of some of the birds, but there is no trace of a © peci&n,”
The pupil is circular.

The eye retracts, being squeezed back into the socket by the hids, and rolls
inwards, the action being rhythmie, and in every respect similar to that which we find
in the Edentata and the Pnl'l."t:l[!dlllt’.‘i. The lens has the same concentric eireles as in
all the lower Rodents, the Edentata, and the Marsupials. There is no visible trace of
a nictitating memhrane.

FART IL
I. Tue CorLour oF THE FuxDUS 0CULI AND THE TAPETUM LUCIDUM.

A.!]}"HIIE 'l.‘o.']l.l'r peErises tilf‘.‘ ﬁl'.“;t ]'l'rl'l'l, of tl]iH |]M'l]"li‘l' -ill.ll] f!x:lll\illEB t-]"le- i].l"st'l'ﬂtiﬂﬂﬂ
must be struck above all by the diversity of colour, suggesting, before any other, the
question : What is the eolour of the Fundus oeuli due to ?

The vermilion-red colour of the fundus of Man, as well as that of the Rabhit and
Guinea-pig, has been aseribed by many to the eolour of the blood in the choroidal
vessels, and by others again to the colouring matter in the retinal epithelial layer.*
The brilliant eolours observed in the fundi of the domestic Ungulates and Carnivores

* See Loning, * Textbook of Ophthalmoscopy,’ vol. 1, p. 48.
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were attributed to the existence of a special choroidal structure, to which the name of
f’l:;j}l_"l'rnlfi?- !]‘“!EIH{HJH. Wils ;:i'l.'f'!l'l. ..I!.‘. {]il“!"{"llcﬁ Ilil"’illg ]]l"'E"l] “1-"“[1 tor l'!.\liﬁ-'_ lll'l'!'_.“"""["ll'l ”H'}
tapetum of the Carnivores and that of the Ungulates, the former was termed® the
Tapetum celluloswm and the latter the Tapetuwm fibrosum. According to our text
hooks the eolour i our own eyes is due to the choroidal vessels shining through the
epithelial layer of the retina, whilst the colour in those animals which have a
Tapetum lucidum is said to be entirely due to the reflection from this modified
choroidal layer.

This [*:{}n]:ill:‘:timl s not s-::ltia-:lhntm'}’, and I have heard grave doubts as to its
correctness expressed by some of our most eminent ophthalmelogists ; moreover, an
examination of the accompanying illustrations will sutfice to justify my hesitation to
accept the views generally held.

The deep chocolate colour of the Negro and of the Anthropoid Apes might still be
1:xl}|ninu:1 by the red of the choroidal vessels :-;h]tl.ing I_'||1‘m|g|: the i}igmf:nt laver 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 Anthropoid Apes we meet with visible choroidal! vessels, except when
the animal is of exceptionally dark pigmentation, seems to eall for some other
l_'.',‘{l_}la'l]'lﬂtil'lll, .I_'I:' t]“_'! l'_,':l'll!]'t:lifl;ll ‘n"l"HHL‘IH LR ],H:.‘ SN lI'IE_."'I:_":iIIlﬂ'i.ll,_‘.' t]ll,‘! |'l_"li.||4'|]. I]iglll{"[lt iﬁ
deficient, their vision ought to be defective as in the Albino, and not perfect, as it
E‘Fidl:uﬂ}' is. Nor can I see that the appearance which we meet with i the Bats
and Insectivora, in the Suricate and the Cynictis among the Carnivora, and in the
Suide and Camelide among the Ungulata, or the appearance of the fundus in the
Rodents and Marsupials, none of which have a tapetum, can be explained in any way
on the assumption that the colour is due to the choroidal vessels shining through the
retinal pigment layer.

It likewise seems ditheult to accept the axiom that all those varied eolours which
we meet with in the Carmavores and UIIg]]]:LtEH are due to the inherent eolour of the
choroidal Tapetum lueidum.

Before recording the observations which I undertook to eluecidate the guestion and
the results obtained, it is Necessary for me to refer to the structure of the e] nthelial
];‘i}'&l‘ of the retina, and of the choroid, hoth of which T 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 1 published in the *Archives of
Ophthalmology’ for 1895, 1 there pointed out that in Man the retinal epithelial
layer consists of a gelatinous mass of united hexagonal eells, in which pigment
granules are distributed in a symmetrical manner, and that internally to this
gelatinous layer we find a dense layer of acicular pigment crystals. These two
distinet kinds of retinal pigment, the granular and acicular, differ further, inasmuch

* Briickr, "Miller's Avechiv,” 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 erystals are capable of movement under the influence
of light.

I have sinee found the same two kinds of pigment in all mammalian eyes which I
Ilﬂ:‘-’l_ﬁ [:}x-'d.]'!]i[lﬂl:[, ]t I"I',‘!ll'l.lil'{‘!ﬂ il Uil-ill!lllﬁ?l"ﬁ[!}ll ].HIJ.H “'itl] H.I]igh ﬂc“]ﬂl' tﬂ f]iﬂtil]guiﬂll
clearly between them. '

It is from the careful investizations made by Dr. HuBErRT SATTLER, an account of
which appeared in vox Grarres ‘ Avchiv fir Ophthalmologie® for 1876, vel. 22,
pp- 1-100, that nearly all our text-books take their data regarding the histology of
the choroid, and the nature of the two kinds of tapetum. As I shall have to refer
to the minute structure of the choroid, his deseription is here briefly summarvised.

Taking the layers of the choroid from the retinal or internal surface to the selerotie,
we have :—

1. The Membrane of Brucen (Lamina vitrea or Glassy Membrane)—a homogeneous
Iq'].}’l;ﬁ]' {,‘!:\:E:U}lt H}I' itﬂ l;".\_t.l,"l'r'liil ﬂilll‘ﬂlﬂf‘!, “'I!iﬂl! I'I”l].l_"'[' !'Iigl] Itlilglliﬁﬂiltiﬂ[l FE!].IT\'-'E
a network of fibre-like lines, and includes irregular or polyzonal spaces.

2. The eapillary layer or Chorioeapillaris.

3. A continuous membrane, or :-ul]l-ua3|}ii|zn':,i' t'piﬂlelin] |4-l}"::l' I'Bﬁﬂmlﬂing the enilo-
thelial lining of the small veins.

It @s this layer which constitutes the Tapetum eellulosum of the Carnivores.

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

This iz the part which in the Ungulates constitutes the Tapetum fibrosum.

5. The endothelial expansion.

6. A large elastic tissue network containing numerous pigmented branched eells,
known as fuseca cells,

7. The branches of the large choroidal vessels lying between the last 151}"31’ and a
second similar network (8), this portion of the choroid being permeated by
innumerable fusea cells, and :::!fﬂ:]:_‘,'ing 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.

4. rI'hH IJII'I]]i[lH ﬁ'li[:ﬂ'i‘l{_.’!li"l'l"ri{lﬂn-

After this comes a lymph space, and then the densely pigmented Membrana
fusca of the sclerotic.

Thiz fusca layer must not be eonfounded with the fusca eells which permeate
almost the entivety of the chovoid,

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 eolour of the fundus is unchanged by diffused
lirht, but with concentrated light, although still red, it is of a duller and browner red
thﬂ.l] t]’]ﬁ \'El'l]]flliﬂi] l!‘l'l'l[l'l.'l.l' I]I'I'_‘!"p'il'll!ﬁ].:f SERET. [I. il !lif‘.{.’-f.‘.‘ flr t.]l:!"- lﬂllﬂ'ﬂiil \‘I-'i.l]l II:II'_‘! il]tf"l'li[lI
(retinal) surface uppermost is then freed of retinal pigment and spread on a slide, it
shows with reflected light the reddish-brown colour once more, and we perceive at
once by means of the microscope that this is due to reflection from the fusca cells
which permeate the choroid.  Evidently the ground colour ohserved by the ophthal-
moscope in ourselves and the animals which have no Tapetum lueidum must be aseribed
to light reflected by the fusea cells which permeate the choroid, modified by the
retinal pigment and the visual purple or rhodopsin contained in the retina. The
retinal ]:[gnwut itself appenrs brownish-red by reflected ]i.:l_‘"lll: with transmitted ]ight
it 18 transparent. High magnification reveals two kinds of pigment, granular and
acieular. The retina, including the hexagonal pigment layer and the pigment erystal
layer, which lies internal to it, is evidently transparent in the same sense as a sheet
Ur 1'[‘_."{1 g].i’l.ﬂﬁ, rl'lt": '['['I.l_']]l],!l’q’l'l'lq"_‘! {I!. H]“‘l'” ;H -'I].."'“] t'l:'Fi.lIHl]Gl;l'Eilt, Eill{] it i.“; “:IE! ﬁl.‘,".[_'.Ei U{_‘!Ilz«
which first arrest the light. The choroidal pigiment obscures to a greater or lesser
degree the choroidal capillavies and vessels.

Generally speaking, all fundi which show a red, reddish-brown, choeolate, or slaty
colour with that peculiar translucent lustre which we notice in Man, owe their eolour
mainly to the reflection produced by the pigment cells of the choroid (fusca ecells).

rJ..LIIE.'-’ L”riﬁlll‘ﬁ, N:}'Et]i.'{.’]'lllﬁ, Eliid {'-;'H].E‘l:-_:“-‘\'-.. as “'l‘”. s tl" '.ilH' fj!il'lli\'ﬂl'?l “'I]jﬂ-l] I IJFl"r"ﬂ
examined, except the Suricate and the Cynictis, have a Tapetum cellulosum.  As we
have seen, SATTLER considers this tapetum as due to a modification of the endothelial
membrane or subcapillary epithelial layer situated immediately exterior to the ehorio-
capillaris.  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 eolour as in ourselves,
bleaching rapidly like ours when exposed to light. The fundus, devoid of retina, but
having the retinal pigment still adhering to the choroid, shows the brilliant eolours
pl‘E\'i:}llsi}' observed with the ophthalmoscope, which, however, fade i'.'li![l',”;q' when
i:.‘-ilmsu:]. to light, especially to r]u_j'ﬁ_g]nt. If l}l'i(il‘ to their fading all that lies on the
membrane of Bruch is rapidly brushed away with a eamel-hair pencil, the whole of
the colour is likewise removed, the choroid presenting the appearance of an untanned
opaque leather of a dirty-white washed-out eolour. It what has adhered to the brush
is placed on a slide and examined microscopically, it is seen to consist merely of the
retinal pigment together with fragments of the hexagonal cells. The acicular pigment
erystals, which are of the same shape as those found in the human eye, appear by
reflected Iight, of the same colours which we observed with the ophthalmoscope
before enucleation, and with concentrated light when examining the cheroid before
brushing them off Even with high powers the microscope shows no trace of the
capillaries of the choroid, which seems very remarkable if the opaciiy is confined to
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the layer immediately external to the choriocapillaris, unless it be that the membrane
of Bruch is opaque in these animals.

The opaque layer is very thin, as can be seen by teasing it with needles, when the
densely pigmented vascular underlying strueture appears wherever the opaque portion
18 torn away.

[n animals which have a dark brown, purple, or reddish peripheral zone, the bright
m}l”ul"}[l H.Hi(".lllill' ]Iig]!:lf?"t- 1'|]'|ﬂ:|. 1.']55' ﬂl}i‘l‘l“f.‘- |||H111.|'11'H.IIE (Hl]}f u{br:ll]]_}' thﬂ ﬂ'.."'-ﬂtl'i'l.] NS,
In the peripheral zone, the inner layers of the choroid are transparent as in ourselves,
and the eolour is due to the reflection from the fusea pigment cells, That is why
choroidal vessels ean never be seen over the central aveas, but are frequently notice-
able in the peripheral zone, which, in eontradistinetion to the Tapetum lucidum, has
been termed the Tapetum nigrum.  To see the eolour of the peripheral zone in the
choroid when laid bare, ]ight must be concentrated U pon it, otherwise it appears
slaty.

In 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
that of the Primates, inasmuch as the colour is due to reflection from the choroidal
pigment, the internal layers being transparent. The acicular erystals removed from
the central area, viz., the Tapetum lueidum, have a eolour as in the Carnivores, but
not the eolour which we observe with the ophthalmoseope, and once the retinal pig-
ment has been well brushed away, we see that the opaque Tapetum lucidum remains
beautifully coloured. The coloured retinal pigment bleaches h:_n’ exposure to light, but
the tapetum of the choroid, ift kept moist or immersed in a weak (5 per cent.) formol
Bl}llllil}ll, \'i'i.l] E'l‘_f'tq'lill ilﬁ R_!'l'l'i[lll!' i]]f].l_'.'ﬁllitﬁ_.‘i}',

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

Therefore, whilst in the Carnivores (other than the Cynictis and the Suricate), as
well as in the Galagos, the colour in the central areas is due exclusively to the
retinal pigment, modified probably to some extent by the retinal visual purple, in the
Artiodactyls (other than the Suidie and Camelidee) as well as in the Equid:z, the
colour of the central area is due to the coloured retinal acicular pigment, lying on a
highly glistening and beautifully eoloured opague choroid ; thus the dark green
fundus of the Horse is due to yellowish acicular erystals lying on a structurally blue
hackground, the deep brown of the peripheral area being explained by the colour of
the choroidal pigmment, the layer which is opaque over the central area being there
transparent. The pale greenish-blue or lavender colour in the Goat, the bluish-
green, and yellow zones of the Ox and the Cervidee, are all combinations of coloured
retinal acicular pigment with an opague choroid, structurally blue or green, as a back-
ground.

[n the Bats, and in the Rhinoceros and the Proboseidee, the eolour may be due to
reflection from the retinal l:igumnt, without any uu(]arl}'iug structural colour, and a
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similar eondition obtains in the Hystricidae and the Edentata. T eome to this conclu-
sion beeanse the fundi of these animals do not show the bnlliancy of the Carmnivores
and the Ungulates, but the appearance points to an opagque choroid.  In the Bats the
colour is more of a buft than a golden-yellow, and more of a dull red than a beillian
searlet in the ”:l.'.*-:h'llci{]&‘, whilst the ]‘:]l"I:Ih:IHtH and the ][_'I.'l‘.'l.:-lul.'l- liavve a dull straw
eoloured fundus, In the Edentata we again meet with this dull chalky appearance,
which makes the ved appear brick-like and half-toned,

According to SarTiER, the Uetaceans have a tapetum resembling that of the
['ngu]atr-s. ﬂ.lnnng the Rodents, the Fl}'i]lg‘ H1|I151'1':*]H :wi:lHnHj.' have a tapetum, b
for want of material 1 have not heen able to examine its nature.

The Marsupials (except Petaurus, which seems to have a Tapetum Ineidum) have all
1|':|I:|H|]il,|13!|t I‘{'till.'ﬂ i}i‘ﬂ"]!]t"llt llHI] ti‘ﬂHHI'I'.'ll'l‘]'Lt FII[JI'IﬁItH I'w-r* ul‘l t-l:n]'tﬁihl] ||i;‘l||1"l|t. anld
that is why we see the choroidal vessels so distinetly delineated on the black hack-
oround of the limiting membranes of the choroid and selerotic,

It is Very remarkable that the stellate dots and similar mut'kill;_f.-:, :|![|!uu;_{]| aserthed
h.'n,' SATILER to choroidal '["'III:IiI]iII!'Ill"H. have Ll[‘:ll']_x' .'I]‘;".'.'I"I.'H the same colour as the |u-|-i-
pheral zone.

Iﬂ"n’ill(‘llilj' il I."l.l“.“ii-ilt"l'il.l}:l' anmyoeunt l'rll ﬁ”'!h{'l' I'{"Ht"iﬂ'i'll iH |H'E'l15"[1 T ﬂ'll'il]' '”1:' 'I:I:I.'I'II."L'
prﬁni.ﬂ connected with the strueture of the choroid and the nature of the retinal pig-
ment, before we can explain in a satisfactory manner the great variety of colours
and the different degrees of transparency which we observe in the Fundus oculi. The
importance of this from a physiological point of view must be sell~evident.

_".LH l.l] 1_'"_" -'Ictll-'l] l"ll]l’!ll.l'.‘i = ‘IEI 1.|'|.l"' I"‘"]'Illllﬁ. 4If‘.l|ii,i1|l]]l’l.‘"\t i"\'f‘l':f H.Iilill']l" I:Ir I'H]IJI.I.I' i.“i 1o
LEv_ found ; but if we i.':l:m*-:il‘_\' them without 1.'t]ii|:;_{ :l,-;r:ululinn into account, and IIH"l'E"].\'
consider the predominant colours, negleeting the pervipheral colours in animals with
differentiated arveas, we ean distinguish three main types :—

Ist. The Red Type, including every shade of red, choeolate, and brown-grey.  To
this belong Man and all the Primates, with the exception of the Galagos ; some of the
Insectivora, the Surieate, and i'_\‘:lli(:ﬁ:-: Among the Carmivores @ the Camelidie, Saidae,
Rhinoceros, and Hyracoidea among the Ungulates : all the Rodents with the exeep-
tion of Pteromys (Red and White Flying Squirrel) and the Spotted Cavy: the
Edentata, the Marsupials—with the exception of the Vieginian Opossum—anl
Echidna.

2ud. The Yellow Type, including all shades of vellow and orange.  To this helong
the Galagos among the Primates ; the Chivoptera, the Felide, and some Mustelida:
among the Carnivores ; the Tapir and Elephants among the Ungulates.  The above-
I]lEIItiH]]i’_“{l ]"Tl:ﬁ‘itlg Hl’llli]'l"‘f‘] -'I]'I.ll HIH’]tt{"l] (iii\'}' -i-IT'I'IHH.g ti'll_" -Itil[]l']'llH,

sel. The Green and Yellow-gieen Type—To this belong all the Carnivores, with
the exception of those mentioned, and all the Selenodonta, with the exception of the
Gioats and Camels,

All the animals whieh 1 have examined may be considered as eapable of being

VOL, CXCIV,—B, (¢
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classified under one of these three heads. Tt will be notieed that the red end of the
spectrum is the eommonest, next the orange and yellow, and then the green; in
other words, the eolours heenme raver in proportion to their refrangibility. In ne
case do we see a uniform blue or violet fundus, although a deep blue peripheral zone
is to be met with in the Grey Mongoose (Herpestes grisens), a lilac fundus in the
domestic Goat, narrow purple intermediate zones among the Foxes and Jackals, and
seattered isolated blue patches among the domestic Cats.

Concerning the occurrence of a Tapetum, it is obvious that it must be preceded by
il Inone i'll'il'lliti".'i,? f!i'l'll{lif-ll]tl.. :l“[l t]IF T. E{"'"HII’TS“III ﬂli[i T, ﬁl]]"ﬂﬁ'l.l]]} ]ﬂ}]l’FHEnt '|.w'rp
divergent analogous types, both lying, as already deseribed, in different layers of the
choroid. It is therefore advisable to distinguish a third kind, viz, T. obseurum, in
those fundi in whieh the choroid has an opaque inner layer, but which is of a dull
lustreless eolour.  Such a fundus does not require a dark peripheral zone to limit or
absorh the refleetions, and 1t 1s therefore uniformly coloured. The T. obscurum is the
torermmmer of the T. fibrosum. It oceurs in the Rhinoceros, Hyrax, and Elephant, as
well as in the Hystricidie and Castoridae.  Again, the incipient stage of the T. cellu-
losum may be termed T. primitivam ; it oceurs in some of the Carnivora and various
Rodents, hut according to SATrLer it is represented (although not yet acting as a
tapetum) in all Mammals by the first or subeapillary layer. It becomes a tapetum as
soon as 1t is composed of several layers,

IT. VASCULARISATION OF THE RETINA.

The references to the vaseularisation of the retina, which ean be tound in the exten-
sive literature on the subject, are almost invariably restrieted to detailed deseriptions,
while no attempt has been made to give a ecomprehensive and eoherent account of the
phylogenetie development of this vasenlarvisation, GreeNpavr,* for instance, restriets
his account to the following sentences :—

“ A special retinal vascularisation begins with the Mammalia; but these vessels are
not derived from those which perforate the optie nerve and have entered it on
the oceasion of the formation of the corpus vitreum ; they are derived from
the posterior ciliary arteries, which (Pigs, Ruminants) therenpon have
secondarily become connected with those central optie vessels. The distribu-
tion or spreading (sic) development of these retinal vessels remains at several
stages in the various Mammals, In the' Horse they are restricted to the
neighbourhood of the optic dise, leaving the greater part of the retina without
vessels. In the Rabbit they follow only the radiating bundles of the optic
nerve,  In the Guinea-pig likewise only part of the retina is vascularvised.”

rI.I'Ii" Hl]!:j:i}' Hr ll"" |1"ti||='|; iH I_‘H.[',"["tl,"l:l ill \'El"i{ﬂ.lﬁ “‘?'IFH =

[. Ispimmecr SvreLy, by means of osmosis from the vessels of neighbouring parts.
¥ Vergleich, Anat. der Wirbelthiere," 1898, p. 941,
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Iigil.iTI. between two cate-

A Hyaloid Supply.—Here we have to distinguish
gm*ics o

() The Corpus vitrewm is nourished by a processus taleiformis, the hvaloud vessels
Iving well inside the Corpus vitreum (e.g., Elasmobranchs).,

(6) The hyaloid vessels spread over the surface of the corpus vitreum, being con-
sequently in the mmmediate vieinity of the retina {e.g., holosteous and many tele-
osbeols ﬁ}illtﬂi}, and it is r-;'l,_l_l;llifil:uul, that this surtace distribution oceurs in Teleostel
amongst those which are devoid ot a processus faleiformis.  Hereto belong also the
Amphibia,* and most of those Reptiles (e.g., Snakes) which are devoid of a pecten.
The Mammalia take up an intermediate position.  Their hyaloid vessels arve vestricted,
with some notable exceptions, to the fietal period ; but these are both surface vessels
Elll{i. il ﬁf_‘llt-i.'-'l]. "n-'l_‘."."il'i't"]:l ]l.ﬁ"ll;"l}“, l]:“j :.'l.l'l-el'iil- Il_"lr'ﬂl.{iil.l.il.- {i" il l'f;'htl'ic',t'll HE"”HL"} \'I-I:Iiﬂlh
f!:l.‘i."iillz'_?; ﬂll'uugh the COUpS vitreum, roes to the lnmluriur surface of the lens; i thos
respect it 1s at least analogous to the faleiform process.

B. Chorvidal Suppiy.—This is probably the chief supply of the rvetina in those
animals which possess a well-developed peeten (most Sauropsida), but are devoid of
superficial hyaloid vessels.  This choroidal supply by osmosis 1s also with certainty
demonstrated in the Mammalia for at least part of the thickness of the vetina.

L. Digecr Sveeny., Ao Frow Superficial Hyaloid Vessels.—This is known to be
the case where the hyaloid vessels ave divectly continued iuto the reting, where they
produce two vaseular layers.

B. From Special Retinal Vessels, culminating in the dvteria centrulis.—Tlis
mode is véstricted to the Mammalia and certain Suakes. At least I have found
several sueh retinal vessels in specimens of Boa and Python examined ophthalno-
seopically.

It 15 obvious that these two main eategories of the sources of blood supply are
not, or rather were nof, always exelusive of each other. The oldest, the hyaloid
supply, is in the Mammalia superseded by the special retinal vessels, which them-
selves, in a roundabout way, are derived from those of the choroidal plexus. O
course ultimately all those vessels, including those of the faleiform process and of the
pecten, are branches of the Arteria ophthalmica interna ; the hyaloid arteries as well
as the choroidal ljll:xuﬁ have entered the eye-cup tng:—_:iht:r with the mesodermal
tissue. 1t is worthy of note that, excepting in the vieinity of the Ora serrata, no
diveet vascular supply of the retina is known to be effected by the chorvidal vessels
themselves ; so far as their share in the retinal supply is concerned it is practically
effected entively by osmosis,

Restricting ourselves now to the Mammalia, we have the following stages of the
gradual development of special retinal vessels, and since, as we shall see, these stages

* In some cases t.r]l.l_}l' the ]ill'gu. vessels have o surfaee :li:-jt.rihl.lj..iun: the u.'upill:u'il:r'- anel zmaller vessels lie
Fefween the bundles of the nerve-fibre luver of the retina, as can be well seen in the eve of the American
Bull Frog with the Edl_llll.illllmuril;up_:

G 2
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are exhibited throughout life by groups of Mammals which represent ascending lines
from the lower to the higher ovders and families, these stages themselves are of
phylogenetie value.

I Anangiotic Type.—Adnimals e which the Ophthalmoscope veveals wo Traces o
flall"rfl.l'-”fl'r l}:-‘:.‘ﬂ'"ﬁ*. :"‘I'[III;'.I", i.ll tl“_" :L{Illli, 1'.]|l_"'|'i,_|I Ll iy Hl]l]i_‘t'!i{,’-;Ell Il}'i'l,]l)dl.l_l \'(_'.'HEL"IH Hl‘l[’[_."‘i'l,l'_“'ll;_:'
over the ['m'pllﬁ vitreum, the retinal Hli}ll.l]}' 1S l.*lllih:]_"n' l.lt:]:l:ndvllt upon osmosis om
either the Corpus vitreum or from the choroid, always of comrse with the possible
addition of lymphatie supply i the sheaths of the nerve bundles or filves themselves.
Buch aunangiotic vessel-less eves (to use LEUCHARTS term) are those of Eehidua,
Perameles lagotis, Dasypus, Huystrix, Castor, Chinchilla, Myopotamus, Pteropus,
Ihinoeeros ; d.e., in representatives of the lowest mammalian orders, namely, Mono-
tremes, Marvsupials, Edentata, and Rodentia, besides a Perissodacty] Ungulate and
Chiroptera, to which latter further reference will be made later on.

L. Pseudangiotic Type.—Retinal vessels arve scarce in nwinbers, very shovt. ond
minute,  They emanate from the optie dise, and extend only as far as the dise or a
short distance bevond it. This is the case ehiefly in Hyrax, Elephas, Tapirus, Equus,
Myimecophaga, Phalangista, Belideus, Petaurus, Perameles obesula, Hypsiprymnus,
Dendrolagus, Capybara, Ceelogenys, Cavia; e, summarised, in the majority of the
r'll.q'll':‘-'.l'ljllbil.l.“-. I’t‘l'i:ﬁm]uul}'lﬁ, Edentata, and Rodentia.  In some of these animals, 11111_![]1'}'
in. Myrmecophaga and Capybara, these vessels are so minute and short that they
might almost as well be put into the first group. They arve in fact intermediate
between, or transitional from, the :i_||;|.:|1giuti|:: to the :u]giutiu stage, and may be ealled
,."'-"'f.‘“.'fnlrtﬂdyilﬂ..':'t.i'. 2

111 Angiotic Lype.—The vetinal vessels are or varying calibre. They emanate
from numerous trunks situated at or near the periphery of the dise, and spread over
the greater portion of the rvetina.  This is the case in most of the Carnivora, most
|;.-1ﬁ<,-:|ll|-.- in the Felidwe, Viverridae, f'l-]i:]:hiti.'-:, Meles, Ursidie, also amongst Rodents,
‘IIL’ Hl‘i"i'i[lﬂ'. I;l"'t"'ll'i.lhl", -'H'II]. .\I"l'l'rxililil‘. 'I.III“J! I.\'I-'H ].I'll'.l"t' HEN S i]] By flﬂ.l' i'l'ltt'i'lllﬂlliq'-ll'.'
between the second and third group, as the vessels extend only over a small portion
of the reting, being in the Leporidie restricted to the peculiar transverse expanston of
the white fibres of the uljtiﬂ nerve. Amongst the Chrnivora, Nasua flulld: of the
Proevonidie), Lutra, and Herpestes nepelensis approach the next or Kuangiotic type.

IV. Euangiotic Type.—The retinal vessels form a complete system.  They emanate
chiefly from the centre of the optic dise, there being, besides smaller more peripheral
vessels, one or more typical arteriee and venw centrales. This is the case in some of
the Myomorpha, a few }'lall'aupialﬁ, e, 1 Hllelph:ﬂ-& and Dasyurus, Erinaceus and Talpa,
in some Vivervidee, in the Canide, Hywenidee, the Artiodactyl Ungulates, and all the
Primates. In the latter the vessels are most centralised, while in the others,
v:-af'nuc'mlJ}' in the .-"Lrtinr_l_rmt}']:-h there are still iy smaller and Ill:l'il.'l'lﬂl'il] \'E-‘iﬁ-ﬁlﬁ,
besides the principal arteries and veins.

Intermediate stages ave, of course by no means uncommon,  The four types ean be
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taken only as representing the main features.  Further examination shows that
almost every one of the main groups of Mammals has vepresentatives of two or more
of these four chiet types ; i other words, some of the genera, and even species, have
vemained at a lower level than that which has been reached h}' others.,  This shows
plainly that the vaseularvisation of the retina by special vessels has not been inherited
by Mammals as a elass, but that it has been developed independently in the varions
main groups. This 1s well exemplified by that large assembly of Ungulata in the
widest sense, beginning with Elephas and Hyrax and the Perissodactyls, and ending
with the Ruminants, which are the most highly developed of all the Ungulata.  The
."I-|4u'.~ui]|i:|Er¢ and the Rodents show a similar parallelism.

We see clearly that the special retinal vasenlarisation begins with many minute -
and short vessels which enter upon the mmer surface of the retina in the periphery of
the dise ; they are, in fact, continuations of the vessels of the sheaths of the II-IJ“'I_‘
nerve.  Whilst these new vessels inerease i size and numbers, they assume a move
and move central position, beecoming more deeply embedded within the nerve and its
dise, until some of them appear as typical central vessels, and their more outward
L‘Iiill]ﬂl1liiltlﬁ disappear from the surface,

Some animals, e, the Cervidie, have multiple dises with a central vessel for each
and in most of the Seiuromorpha, which bhave an enormously elongated dise, an
mmense number of large trunk vessels emanate in parallel lines like the teeth of a comb.

The manner i which the vetinal vessels enter the eye has been studied |Jn:.' VossIUs,
and the manner in which the lzll'lnfur arteries Hlll"l'tlll out from the dise f.ujuilt the veins,
and their conrse, has been deseribed by Laxeessacuer in Man, the Cow, Deer, Goat,
Sheep, Pig, Dog, Cat, Horse, Mole, Rabbit, Guinea-pig, and Rat. HEesse investigated
the Rat. Witnery His the Rabbit.  The most elaborate paper is by Broxs® and this
contains also a list of the papers of other authors.  They all deal almost exclusively
with the so-called domesticated animals.

As a rule the veins and arteries ave clearly distinguishable by a difference ol
coloration as well as of size ; moreover the larger vessels usually show a distinet
median - whitish  line, more marked in the arteries than in the veins, Al the
M}'Ullml'lrh:l have this streak t'h:uggvl'ult-tl i the arteries, in some to such an extent
that the arteries appear as pure white streaks without a trace of red, whilst the veins
vetain their lake eolour., In some few ammals 1 have found it i]l]}l[l&%i]l]f! Los
distinguish between the veins and arteries, all the vessels having the same diameter
and the same vermilion colour by which we recognise artevies. 1 have found this to
be the case in the Seal, the Skunk, and the true Squirrels. In the Hedgehog and the
Mole, and possibly in some of the other Insectivora, the arteries run from the disc as
Very minute vessels, Jtusi:tg themselves almost i!il]llE{l;Eltl;']:.' in the substance of the
retina, while the veins arve laree and well developed, and extend to the Ora servata,

* “Vergleichende Anatom. Studien weber das Blutgefaessystem der Netzhaut,” © Zeitsch, fiir Vergl.
Angenheilk.,’ vol. 8, p. 77,
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The number of arteries and veins and their distribution varies through sueh wide
[imits, and ﬂ'ﬂtllllﬂ]t]}-‘ to such an extent in the same order, that 1 have so far not been
iable to establish any definite rule. T have noticed that in all the Simie, except Man,
the vessels run a I|{-1:1I'|_‘}' .‘itl‘-‘.lighl course, and the branches l,muu“:,' stand at 457 to the
main trunks,  In Man they run a more wavy course, and the branches come oft in an
1['1":‘5,:"]“1' 1T 'Tht: J"ll'ti”llilﬂt_}"].il IHI."u'E il Ullill'q'lct-ﬂl'iﬁt-iﬂ '\.“ﬂﬁﬂll]ill"lﬁilti{ﬂl. 'Thi.’.
central artery and vein each divides out into three main trunks, one passing with
iI.H L | Pltllilii!lii Hi 1lu'li‘ill Htl":kig!ll lllj“’ﬂl"llﬁ fonr SORnne {]i.‘iti]“ﬂlﬁ I,]I;,."'I'.ﬂl'ﬂ gi\’illg llﬂ:. il I'l,'l,'ll'l'll]l_"'.-l' of
horizontal branches, which again give off branches which pass vertically downwards
to disappear at the sensitive area. The other two pass obliquely downwards and
outwards and downwards and inwards, sending off minute twigs towards the sensitive
area from below,

In the Myomorpha and Seinvromorpha the vascularvisation is very prolitie.  In the
former the arteries and veins, of which there are seven or eight of each, run m a
strikingly straight course at equal angles, resembling the rays of a Starfish.

The actual mode of :«-;ul:-lﬂ:r' of the retinal lzl}'el's h_lrl' the H]iuf,‘;izll retinal vessels has
been studied by ScHNELLER® in an elaborate series of investigationg. He has summed

up his conelusions as follows :—

1. The fl]gmt&m upithﬁlin] laﬂil' of the retina is ullly nourished hjp' the chorio-

capillaris.

e r’.I‘II]l_"'.- ]'{l[l."': 4';lTll_1 COlless e ﬂili.ljﬂy’ ].l,l_][]l_'i!jh{_‘.‘l} h.}" ll:“;_." Uhul'i{}mljli"ill'i.‘i: i']“t.- ill H ‘.'1,’."}"
slight degree by the retinal vessels.

3. In the same way the outer nuclear layer receives its supply, but to a more

marked degree, from the retinal vessels (capillaries).
I. The remaining layers of the retina are nourished by the retinal vessels alone.
'11]{? L‘.}:tﬂl'llili ].H}'{ﬂl".‘i l]‘l.. 1,.1“:: |"l‘_f't.i]'|.i1 H S IIUlll‘iHIIEll h}r IJH'lII.ﬂiiHL '_IIL' UIlI:!].'i”cIll].i"ill'iﬁ

acting merely i a viearious manner for the retinal vessels.

The illliml'l.:tllt fact 1s that the vetina is nourished from two sources, the outer
lavers still by the choroid, the imner exclusively by the special retinal vessels. 1n
this respect | {lllit:—: agree with SCHNELLER ; {Jnl;l_'_l..' with l'ugz-lnl to the actual extent of
the vessels mto the retina 1 have to make an additional statement. In Man and a
number of other Primates (Proglodytes niger, Cercopithecus mona, Macacus rhesus,
Cynocephalus hamadryas, Galago maholi), as well as in some of the Ungulates (Horse,
H]mel}, and {:I.‘-:}, Carnivores {Dﬂgﬂ anl ﬂ;lls}, and Rodents {Ea,tr.-" Mice, Rabbits, and
Guinea-pigs), all the retine of which I have examined mieroscopically, I have found
i]n';u'i;lhl}' that no blood-vessels are observable external to, ie., |Jﬂ}'ul|{|, the outer
molecular layer. The large vessels lie exclusively in the nerve fibre layer, and the
ganglion eell layer. lmmediately the inner molecular layer is passed we come to a

* ¢ Zeitschrift fiir Vergl. Augenheilkunde,” vol. 5, p. 9.
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region in which only eapillaries and fine vessels ocenr, and this region again is strietly
limited by the outer moleeular layer, beyond which no vessels or capillaries can he
seen,  dn other words, the inner moleewlar layer is o bavvier to the larger vessels;
the onter molecular layer a bavrier to capillaries, the latter being found between the
two molecular layers.  Beyond the outer molecular layer the retinal vaseularisation
ceases, and evidently these external parts depend for nourishment upon osmotie action
from the choroid through the membrane of Bruch.

The fact pointed out by LawcexsacHer that the retinal vessels of the Rabhit lie
internal to the Membrana limitans interna, as in the Amphibia, holds good for all the
i'.Ppnl'idu", and ecauses the vessels to appear to the upht]m]mfmi]m as raised |'if|;_:'|-.--.
which east a distinet shadow.  As far as my observations have gone, the Chevrotain is
the only animal outside this family which has these retinal vessels stimilarly raised.

We have now to consider the question, in connection with the contents of the next
chapter (I11.), whether there are any traces left in the Mammalia which are mdieative
of a pre-mammalian stage of retinal supply, besides that of the embryonic ocenrrence
of the s-:upvrﬁt‘f:ﬂ and the eentral hyvaloid vessels. Tt is well known that in the human
eve, in contradistinetion to any other part of the hody, the several branches of the
retinal arteries do not anastomose with each other (and the same holds good with
regard to the veins), excepting a few minute branches near the periphery.  In a few
are cases anastomoses have been observed, both between branches of the retinal
vessels and between the vessels of the retinal and choroidal systems, hut this is guite
abnormal. Now [ find that those Mammals which have a complete vaseularisation
follow the same rule, as regards absence of anastomoses of the arteries as well as the
veing,  But in some of those Mammals which have no retinal eivenlation, the vessels
being restricted absolutely to the area of the dise, I have found a dense anastomosed
network which forms a termination to what appears at first sight to be an elaborately
developed Arteria centralis.  Exeeptional as such a behaviour of retinal vessels
would be, it had to be put down simply as a eurious exception until further extended
ophthalmoseopic research revealed the occurrence of such a central meshwork side by
side with the oceurrence of minute independent vessels radiating from the peripheral
portions of the dise (Macropus melanopus, Halinaturus brachywrns, Phascolomys,
Dasyprocta isthmica, D. azarae, and D, agouti), or both systems of vessels were
eonnected with each other (Belideus and Peterurus).  The mystery was explained by
the Marsupials Perameles lagotis and Hypsiprymnus vufescens, and the Rodent
Myopotamus coypu, which all being analogous, so far as the retina is concerned,
possess an unmistakable pecten.  In the Kangaroo this organ is typically developed
and extends to the length of almost the diameter of the dise, directly into the corpus
vitrteum.  The same applies to Perameles lagotis, except that the organ is less conical
and is composed of a wider meshwork of loops without a special cone or supporting
hody. In the Coypu the organ is rather broad, forming a complicated basketwork
of vessels, which hangs or falls over sideways. In every case it starts from a narrow
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base at the centre of the dise, Smaller traces of such vessels reduced to low and
small enshions of more or less mossy appearance oeeur in the Chinchilla and in
Celogenys.  Now it is of the greatest importance for our attempt to understand the
true meaning of the conglomeration of vessels, that in a few cases they oceur side by
side with a hollow cone, for instance in Castor and Cavia, This hollow cone itself' 1=
easily understood. It is the remnant of Croquer’s canal, or rather the walls of this
canal, which served as the support or eore of the central hyaloid artery, and hoth
together, especially during fetal life, when extending to the lens, are the homologue
of that organ which appears in certain fishes as the faleiform process.  Both faleiform
process and hyaloid artery differentiate into eapillaries only at the free end near the
lens, the nourishment of which is their principal ohject. This faleiform process after
the loss of the hyaloid artery often persists in Mammals, in the shape of a dense
librous cord of rather larger size in Cervus porcinus, apparently also in Alaetaya, aml
in Muridee and Myoxide, It has been observed as such abnormally in Man, In
others it takes the form of a hollow cone or trumpet.  This is the condition originally
deseribed by Croquer, and observed oecasionally in Man, in Giraflus, Castor, Cavia,
Pteropus, very long with multiple base in Seiwrus palmarwm, sometimes swollen out
mto the shape of a bladder-like bag in the Ox: or the cone itself has disappeared,
and the spot whenece it sprung is sunk in and appears as the funnel-shaped * avea
Martegiani ” (as in Bos, Elephas, and Capybara); lastly, the supporting cone, 7., the
wall of CLoQUETS canal, has disappeared, but the hyvaloid artery remains as a short
pulsating vessel springing from the main trunk just after it pierces the dise. This
has been observed in Man, and I saw it in a specimen of Castor. Wherever this hyaloid
.-u'terl':-; oceirs it 18 not .'m(':nnl[nllﬁeﬂ I]}" a |'el,lll'niug vein, It is obvious that this
hivaloid artery and its supporting cone eannot be the same as that conglomeration or
hasketwork or ecushion of vessels observed in some Mammalia, which we have
homologised with the peeten of the Sauropsida.  To eall it a pecten or “ comb,” even
in its fullest development, as in Hypsiprymnus, is of eourse not strietly correct, since it
possesses none of the folds characteristic of the avian pecten; but this 1s immaterial,
since Apteryx wmantelli possesses a pecten destitute of folds, but which, notwith-
standing, 18 ululnu]ltelr”:l.r a funetionally active organ, and in every other respeet well
developed.  Again, its counterpart in the Reptilia (where it is often called, or at least
likened to, the processus faleiformis) consists either of an elongated vaseular plexus
u_\:tun{[irtg 1'ig|it tluuugh the f_fnl'l]u:-a vitrenm 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 eontains a core (Chamsleo), (compare Hypsiprymnus) ; or it is reduced to a low
pigmented pateh, containing only minute vessels as in the Crocodiles (compare
the appearance of this with that in the Dasyproct idwe).  The existence of the core
central in position is important, It is the remnant of the same supporting structure,
including CrLoquer's canal and the strands of the faleiform process which has Lecome
surrounded, bespun by the artery and returning vein, which forms the vaseular
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meshwork of the pecten.  This is in reality a detached pordion of the ehoroidal plexus
which has got into the secondary eve-cup to nowrish the Corpus vitreum: but it
!'i"l:'I_"i'l.'E!.‘-i. its vessels from l_|im-H' of the sheaths of the I:JI:I'[IH_'- Ty, rirH’l = oW, at |n*;1.—:{
in Birds, shut off from the choroid and retina proper by the optie dise. In the
Mammalia this same basketwork of vessels (arterial and a returning vein) does not
:Lin'n:.‘ﬁ surroumd the ['.Inl'll_s_-t. cone, it hes free, aside of 1t ; and when the l‘lmlm-l
canal (a remnant of the faleiform process itself ) is reduced or lost. there naturally the
“pecten ” extends as a free, unsupported basketwork into the vitreous body,

To sum up, the vessels of the faleiform process of Fishes and the central * hyvaloid ™
artery, wherever this occurs, are essentially the same,  The falciform process and the
pecten, ?lttll{lllgEl both have found their Wiy imto the f'm'pti:-'- vitremm l]n'nugh the
choroidal fissure as extensions of the choroid, ave analogous and not homologous
structures.  In Reptiles and Birds the hyaloid artery is superseded by a new
development, viz, the Pectinal system. In some of the lower Mammalia hoth
systems actually oceur side by side, but both are rendered unnecessary by the
development of a third system of supply, viz., special retinal vessels, which ultimately
culminate in the possession of an arteria and vena centralis retinge,

It is |Jd_"1..'1rllii the seOpe of this paper to itn't'r:lig:tte the qlu-st‘:nu as to whether the
Amphibia ever possessed the pectinal supply, or whether they have lost it.  Possibly
they, as well as the equally small-eved Dipnoi, have lost the faleiform process and
pecten, and the same applies to the likewise small-eved and nocturnal Eehidna, the
only representative of Monotremes I have had an opportunity of examining,  The
absence of even a trace of a pecten in the Echidna does not militate ;i;.{:lihﬁt its ]i.‘l‘i';ll:_‘:
been imherited by the Mammals from therr Reptilian ancestry. [t s a frequent
mistake to assume that, since the Monotremes are the lowest living Mamwinals, they
must therefore be the most primitive in every rvespect.  In veality they wre ughly
spectalised, and in some cases have lost every trace of low condition.  This is shown.
for instance, by the under-jaw of the Echidna, the auditory ossicles, the teeth, and-—
coming back to whenee we started—the eve, which is extremely small and reduced
by noeturnal burrowing life,

The oceurrence of a lwctu;:n-tiku structure i the eves ol two of the lowest
Mammalian Ovders, viz.. the Marsupials and Rodents, is another band between the
Mammalia and Reptilia,

III. ReverstoNs oF Tvpe axp VEesrmician Renics.

Every ophthalmologist who examines the illusteations of the Fundus oculi of the
Mammalia appended to this paper, will surely be struck by the fact that some of the
normal eonditions observable in eertain animals closelv resemble those which we fined
in Man as :;nngeuiiu] defects. 1t it be remembered that vml:_;‘mtiiu] ocular defects
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ocenr most frequently in those persons who exhibit other signs of abuormal develop-
ment, such as webbed feet or hands, the absence or inerease of digits, the non-elosure
of various foetal clefis. Supernumerary uif:]:h::-:, amd the like, the fact above stated
will be admitted as some justification for considering congenital defects as reversions
ol tyvpe.

Of course, not every congenital defect of the eye is a veversion, if thereby be under-
stood {_lli_“l.'i_‘.'lulllllt:llt arrested at a stagre which is ll'll|j.' ancestral to the animal which
exhibits the defect in l|lI{’Hlil}II. In the eases we have to deal with, ** ancestral 7 15 to
mean desecent within reasonable liits. A cleft palate in Man is of course a case of
arrested 1|+3!.'i_-1nl}r|||i_-n1_ but it is no more ancestral than the ocemrrence of webbed feet,
tor the simple reason that there is no novmal Mammal in whieh the palatal bones do
not meet in the median line. Tt would be rash to confound that which is normal in a
Lizard with what in a Mammal is obviously a malformation.

Abnormalities of the human eve have, of course, been frequently recorded, and it 15
l_':-:«ljl:l,:iu“}‘ Steruex=ox" who has tried to explain several of the cases to be mentioned
presently as reversions of type to the anatomical structure of the lower vertebrates,

The commonest and widest known instance of a vestigial relie, a true ease of rever-
sion if unusually developed, is the Membrana nictitans.

1. Menwbeana nictitans is redueed, as a vule, in Man to the Plica semi-lunaris.
Recently 1 have found a case of an obvious nietitans in a youth, which was capable of
slight movement and extended in creseent form nearly as far as the cornea.

Frower and Lypekkert have the following sentence : —

“In almest all Mammals below the Primates, except the Cetacea, a nietitating
membrane or third evelid is placed at the inner corner of the eyeball, and
works horizontally across the front of the ball within the true lids,  Its aetion
is instantaneous, being apparently for the purpose of cleaning'the front of the
transparent cornea, a function unnecessary in animals whose eves are habit-
ually bathed in water, and which in Man and his neavest allies is performed
l"."' win]-;in;_': the true :j‘&]hln‘."

The above statement requives considerable modification. A fully-developed nieti-
tating membrane, active enough to sweep the whole cornea, exists enly in the Ungu-
fetta, and not even ﬂu':nlghuut this Orvder, since the Suidie and Chevrotains, ;llthuligh
possessing a nictitans moderately developed, rarely use it, and then it is not active.
Throughout the Carnivora and Marsupials it is much less developed and usually
|mh‘.~:;h'u, whilst tlll'ul.lglluut the Primates, lf_f'hilmptﬁr;l, ]||se(:t-i\'m‘a: Rodents, and
Edentates it is still more reduced and, with rare exceptions, entively without move-
ment.  The reduetion i sitn within the order Primates is gradual, the nictitans being

* i Medical Press,” Ogt., 1893,
F * Mummals, Living and Extinet,” p. 73, London, 15391,
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slightly less reduced in the Lemurs than in the true Monkeys, and in the latter less
than in Man.  Only one of the Monkevs (Macaeus speciosus) is exeeptional, in that
its nictitans is capable of shight movement.  Lastly, the nietitans is entively wanting
in the marine Mammals, Sirenia and Cetacea.

In some animals in which the nictitans has become useless and Ir'l.1|.'|.' \'E'ﬁti;‘i;l]..
another protective contrivance has been developed in its stead. The eves can be
retracted into their sockets (as also m varions other Mammals by the Muse, vetractor
bulbi), and, as farther protective, there ave two folds of eonjunctival tissue whicl,
come forward from hoth eanthi to meet in the middle line in front of the cornea like
a loose bag, as the eve retracts.  This is the ease chiefly in the Edentata, Marsupials,
and Monotremes,

Now Ennﬂi{lk‘*l‘illg that there 12 no land Mammal which does not wink the troe
evelids, or else rotates and retracts the eves and thereby cleans the corneal surface,
these {*}'E‘Ii[lﬁ must be suflicient for this purpose, and this is especially obvious sinee
the majority of Mammals are devoid of functional nietitating membranes.  Even the
Ungulata, in which the membrane is by far the most developed and active, blink
freely. Consequently the primary use of this third lid, viz, that of eleaning the
corneal surface, is lost within the elass of the Mammalia, and its |‘:I'P.-=f=l'1'.'ltil:r1 in the
Ungulata calls for a special explanation,

Now the Ungulata alone are those which * graze ™ in the proper sense of the word.
They poke their heads down into the long and sharp grass, while they are notoriously
those which have most need of being on the alert for the Carnivores, their natural
enemies @ in faet, tlm}' have to I{w*p their eves open all the time, and these are, in
addition, rather large.  The fully developed nictitans protects the cornea from injury,
and sweeps with great vapidity over it and back again into its concealed position.™
That the primary object of this third lid is that of sweeping is obvious enough. It
exists fully developed in all the lower classes of vertebrates, from Elasmobranchs and
Amphibia through the Reptiles and Birds, with a few special execeptions, .., Snakes,
where it 18 lost for obvious reasons. In none of the lower vertebrata are the true
eveliils eapable of rapid movement ; the upper lid remains stationary, while the lower
alone moves upwards.  This is even the ease in Birds, and it is only in the Mammalia
that instantaneous H.Illll'l'ﬁllg" and opening, or ]:]iuking, has heen (|E,‘T("]ﬂj el

2, The vetractor muwscle ot the evebulb is ot frequent ocemrvence, notably
Marsupials, Edentates, Rodents, and Ungulates, e, chiefly in the lower orders
Vestiges of such muscles in Monkeys have already heen recorded by Owex,

3. Opague Nevve Fibres.—The most eommon oceurrence as a normal condition in
other animals of that which in ourselves is regarded as a congenital defeet, is a
diminished transparency of the nerve fibre layer as it radiates from the dise. A slight

* The fact that the Ant-eater alone among the Edentata (which T have examined) posscsses a well

developed nictitans wounld lend support to the above view, for if itz habitz be conzidered it is obvions that
itz eves expecially require protection from ants and grit,

H 2
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til‘é_'"]'l'l.’ U[r :II.IE[(':-HI\' Eh' et “'itll .irl. r]ll' Hl'g]'['ﬂ."ﬁ -".]'Ili]. “” fli\l‘k'llil]]'l.‘{l GRS, FI.IHI ill H
number of Simie, and we find semi-transparent nerve fibres distribmted throughout
all the Ovders.  Opague nerve fibres are most marked in some of the Rodents, more
particularly in the Leporide and in some of the Marsupials, such, for instance, as the
Ij{f.i"f“i!f"lirl!'.'.‘ﬂ Illi'!ll':lllf_l'lil'.ﬂ:l ill \‘l']li{'i] 1'![" ﬁ]'il'["h'- are Jlf‘tllﬂ:“:‘f l}]J:‘l,{J:'l'IE FII]II 1ot ]]1['1‘[":5,' HE,‘I"E—
transparent.

All stages of p;ll'!i:il and even total n|]:1ﬁ§t}' of the nerve fibres, extending over
areas which Vary t'lii.}l'i'l'lul.lfé.]:ﬁ', OCELr mr]]gﬂlﬂiall}' in Man: sometimes this does not
affect vision, but more frequently, and always in the opagque forms, gives rise to
blind areas, known as scotomata, over the regions of the visual field affected. As a
rule these opaque fibres start from the dise; in all other cases they invariably follow
the course of a main arterial trunk ; this is alsd the case normally in other Mammals,

4. Physiological Cup and Congenital Iiscoloration of the Dise.—Another congenital
anomaly which very frequently occurs in Man is known as the physiological cup,
which, however, never imterferes with vision. This is a form of exeavation of the
optie dise, often very deep and of chalky whiteness, but hmited, as a rule, to the
central pru'tic:n of the dise, the umt'g[n J'Hlalilﬂug its colour, and |ﬁ:11|g on u level with
the rest of the fundus. The retinal trunks eurl over the l*[lgl* of this l],t."E'Il'E’RHBd cup
to reach the retina, aned inrare eases no eentral artery ean be seen.  The margin of
the dise, which remains normal, varies in width and extent, and in some few eases the
cup has been observed to occupy the entive arvea of the dise.  But for the margin, the
physiclogical cup can easily be mistaken for that depression of the dise characteristie
of glavcoma, a disease due to increase of tension of the globe. In the dise thus
altered Ly disease the retinal vessels likewise curl over the edge of the dise; and the
central artery, though present, is on a lower level.

An appearance similar to the physiologieal eup, presenting a striking resemblance
to the glancomatous one, oceurs as a normal condition in all the Felide and a consider-
able number of the other Carnivora, and we also meet with it in the Flying Squirrels
and some of the other Rodents. In all these animals the central vaseular trunk
is absent, being replaced by a number of large vessels which run between the optic
nerve and its sheath, curling over the edge of the depressed dise to spread in various
divections towards the periphery.

I]'I il]&.‘ Iiﬁ"i’l IS Wie ]IH‘{I‘! k1l -'l:l’l'ili]gi_‘]ll{_‘llt l'li' \'(‘!HHE_."iH “'I|il::]:| I]I('I'Hf_"]_}’ T'l?’.‘}f‘]llhh"ﬁ il
condition which has been deseribed and r]e*pit'.h*fl h}' J. B. LAwrorp* as ﬂ{:clll'l'iug
congenitally in Man.

f,m-:t]_v, under this head we may ment wn hoth the white and grey dises, whieh oeeur
normally in a number of animals widely separated in classification, such as the Skunk,
LKhinoceros, Poreupine, Armadillo, and Echidna.  The same appearance is found in
Man as a econgenital abnormality with normal vision. It is ealled white or grey
Htl‘f'l'llh_‘n. of the dise : '.rt'nng'l_v %0, a8 it nught to he referred to as * diseoloration,” the

* Trans, of the Upht_hn]mu[ngiml Society,’ val. 15, Plate &,
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word “atrophy " being applicable only to the similar appearances due to a disease of
the optie nerve which entails blindness,

]“]'i-il[]E]ttI:l.' 1]|.1_' g"l'["“i.' (1 “'I]'JI'I_I," Cﬂllgf‘llit-};l”_\.' :liﬁf.':{l]f'llll'i'li.l. 4“5{‘.— i]] lrhll ;.‘-'- .‘-'-.lil':l'lI'IuIH]{‘ll l|I1‘_|.'
a complete or partial black or eoloured ring. such as we meet with in a large number
of animals.

The visibility of the erilwiform fascia which oceurs in the Suricate and some of the
Ungulates is often found strongly marked in Man as a congenital condition. It does
not impair vision,

L;I:-itl_‘r, we meet in Man with a dise normal in all respects, save that there is a tlwp
central well-like depression with nearly vertieal sides, looking grey by the shadow it
causes.  This econdition oceurs normally in the Elephants and in some of the
lodents.

B, Stiwctures jn'f-h'rr(-]';riyﬁ'mu the Dise into the Corpus vitvenin,

A. Persistent Hyaloid Avtery.—This Gﬂll:_"’t'l'litill defect, which in ourselves is known
az the persistent hyaloid artery, is found almest invariably in imperfeetly developed
eves (mierophthalmos), and very often in El'i|]|:-t:-; and in twins,” in which latter eases
the defect :liH.-i||1|u-.-|rH about a week after hirth. In the lower amimals it oceurs
||l|t'114:|“_1'. niot nnll'r in the Cow, as zih'{*:u]_\.' |Hli1li!"[1 ot I’."" B
Hemxmen MévLer, but in a/f the Ruminants and a large number of Rodents, |

RU NS, anl IIII[;lhl‘u,' l:l'l."

have found this velie in Man and the Primates oceurring in three distinet forms, all of
which ave rudimentary.  The fivst (see fig, 4, Plate 27) is a short pulsating coceal vessel
filled with blood, which springs from the Avteria centralis vetinwe, as deseribed by
Haxxover,t Bruxs] Ligsreicn§ Hirscnpere,| and a number of other writers. The
second (fig. 3, Plate 27) is a hollow trumpet-shaped tube, first described by Croguer,
and known as the Canalis Cloguetti ; its base is attached to the dise, and it is free from
blood,* A third form {“_,L_{!-lu 1 and 2, Plate L".'r'} consists of a white dense fibrous cord,
which also arises from the dise and termnates either free in the vitreous, or is attached
hy two or three threads to the posterior capsule of the lens.  All three forms have
been fully deseribed by various authors,

B. Vestiges of a Pecten.—The typieally developed pecten of the Sauropsida eon-
sists essentially of a vascular network, a basement membrane, and secreting cells, the
latter being densely pigmented and thickly covered with black pigment granules
Strueturally it presents essentially the same features which we find in the eciliary
Processes of the choroud, and there eannot he any doubt that its function is similar

* See ScHopL and AvT, © Diseases of the Retina,” in Nornmis and OLIVER'S * Svstem of Dizeases of the
Eye,” vol, 3, p. 420, which containg an admirable acconunt of these and other anomalies and fotal relics.

T ¢ Daz Ange,' 1853,

: Bruxs, ¢ Zeitschrift vergleich. Anat.” vol 6, p. 77,

¢ Lieereicy, © Klin, Monatshlitter,” p. 259,

| * Centralblatt,” p. 360.

¥ See a remarkable example of this in Avt's Monograph, Plate 3, p. 122,
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to the f"'i“:ll'}' processes, viz.. to secrete a fluid for the nourishment of the vitreous and
III‘iL'_[I].I::IIf!'I.I.I'ill:._E structures, It‘a ].I.I.[ll‘q'ltf‘{] {:'III'I'I'I_ =il '_'l\.']‘lil:!l'l,ll il] [til"llﬁ, i!‘-i. H | ﬂﬂlntl'i‘l.':l]ll{"{" t{'l
provide for a greater secreting surface, as is the ecase in the ciliary processes of all
Mammals.®  This plication of the pecten is not, however, an essential characteristic,
Hillf""‘ Ih{" SATE H'I"L','F'IH E'xi.‘it-‘i 1||I ]]mrl}' -H.{’I:Itilf"ﬂ il]]ll ill SO ]Ji?-'-”'{]f‘i H L | \'Pl'}' I“]'Ig:
vaseularised bundle or basketwork stretehing far into the vitreous body ; in others it
is pear- or button-shaped. and short, as in the Chameleons. Aecording to Owex,§
the Apteryx is remarkable as being the only Bird devoid of a pecten, and T. .J.
|’.\I:Iil-:lti miakes the same observation, but adds that he has diseovered it in the
embryo Bird as a eonieal pigmented prominence arising from the optie dise 1-2
millimetres in length.  This is the only reference to and deseription of this organ in
.'.'llrl'll"]'}'.‘{. I h-'l.".'f" E*."{-illllill'l:"l]. I'I]:I]li.h:l]'l]'ll"‘."il."'ﬂllil:!‘ﬂ”_‘!,' il Elllllll.t Ii"u"‘lng ﬂ-l'.ll:"ﬂ-i]“l]ﬂ “F;’IPJ{‘!'HJ"
scenitelli, and find that it possesses a well-developed pecten (fig. 21, Plate 28). Its
hase is trumpet-shaped, and covers almost the whole of the dise, the margins being
moss-like,  The process extends nearly as far as the lens in the form of a thick, densely-
pigmented brown-black eone without plieations. It is quite as large in proportion to
the eve as that of many other Birds (e.g., Sparvow, Penguin, Crane). It i1s a fune-
tionally active organ in its most primitive form, and resembles, only much more
developed, the pecten which PArkeR saw in the embryo. It occupies an intermediate
position hetween the vestigial pectens of various Mammals presently to be deseribed
(see especially fig. 20, Plate 28) and the fully developed plicated pecten in Birds.

Rare eases have been deseribed in Man in whieh vessels have been seen protruding
into the vitreous from the arteria centralis or its branches, and also vaseular remnants
t_"l}\.'l"t'l"[! “'itl! I}il'-_':l'll'l"'llt_ ]'l'l.'lt tl'll' :Illtl!['l'l_'ﬂ' l|il'|,1|.'-[" ]]Ui i’llti"'l'l'l'!ll'l"‘[] L8] !:"'.\'.I'I']-Ili['l. *I!iH OCCUITTEnee
{=ee Plate 27).

In some of the Rodents, more t':i}}t'ci.'lu_\' in all the ;\gmltiﬂ, a econteal or button-
shaped pigmented vascular rudimentary peeten is seen protruding from the centre of
the dise into the vitreous, hearing a close resemblance to that seen in the Reptiles
(figs. 18, 19, 20, Plate 28). In a number of Marsupials, vaseular protuberances from
the dise into the vitreous occur in different forms.  Thus in the Maeropodidie (figs.
11, 12, 13, and 14) we find a large vaseular cushion-shaped prot uberance resembling
the thalamus of a daisy, and in the Rabbit-eared Perameles (fig. 17) and Rat
Kangaroo (fig. 16) we meet with a delicate vascular basketwork resembling that of
Chameleo, while similar forms ocenr in a number of other Marsupials in a less pro-
nounced degree.

6, Colobomata, —Extra-papillary eolobomata do not nsnally oceur in animals, bt 1

* TreEACHER CoLvins demonstrated microscopically and experimentaily the glandular function of the
.-E]i:.u'],' processes I:" The I':ll]mlﬂg_t‘ of the l“,}’g,’ Lectures B, C. 5., lﬁgﬁ-.}

f “The eyve presents a remarkable deviation from the construction which characterises the feathered
¢lass, in the total absence of the pecten or marsupium.”  OWEN, ¢ Zool. Soe. Trans., vol 2, p. 257,

i * Roy. Soc. Proe.,’ vol. 42, 1892, p. 397, and Plate 17,
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have noticed them in some cases as abnormalities among  the domestic animals,
especially in the Horse and Pig.  The papillary eoloboma (Frons Coloboma), on the
other hand, due to incomplete closing up of the chovoud around the dise. a congenital
defect frequent i Man, has its ;m:L]ug}' in the white or colonred seleral ving which
we norimally meet with in a laree number of animals.

7. Retinitis pigmentosa.—Some observations which 1 have made in regard to
Retinitis pigmentosa, a disease which has been recognised as being of congenital
origin, may prove of interest. It seems generally recognised that Retinitis pig-
mentosa consists of a |J-t’l:11|i.'|l' L']IJIII;_;‘(! i the pigmvrlt |i|:.‘t’l' of the retina, whiel
commences in the region of the Om serrata, The IJiH'IIIL‘IIL gt';uhlu“}' invades the
I‘t'tirt:h Hln'l-mlillg iIL:-s"lllinurs]}' and ﬂru{-uul‘l‘ifuu_'-.' over it towards the macula,  There
where this disturbanece of the tli;’lul_"]l[ ocenrs, which forms so Htl'ikill:_-{ AN aAppearane:
with the 1r|r|:|l|L:li]!u:-:-t':-]:-:. the a-;ighl 1|i:-a;||:|n:m':-: 1mi1t‘ll1'1't'llt|}‘ with it, so that the extent
of the invasion marks the linat of the visual feld.

[ have noticed in certain night animals, move particularly i the Galagos and
Lovides, a heaping-up of pigment all around the 1R'I‘i1;||t-1'_\', which, seen with the
ophthalmoscope, greatly resembles Retinitis pigmentosa.  Exposing a Galago to dayv-
|5ght for some months, 1 found it to o 4.|uiu- blind : the mvasion of the pilu;nwui
eonld l:ili_‘.‘l.l‘]:l.' b seen to advanee :-nlluvntl'icﬁ||}' towards the ||n-;l,1ri'[u|' ]mh-,, as I have
seen the disease spread in Man, It s a well-known fact that Bears frequently become
blind i eaptivity, owing to their being too much exposed to hight.

Although in cases of Retinitis pigmentosa both day-blindness and night-blindness
veeur, [ thought that these observations on night animals pointed to the possibility
of arvesting the insidious progress of the disease, of which blindness is the invariable
termination, ]u}' H|]iell|i11g the eves trom the most active LAV of tlel}flight. A few
attempts Lo do  this }r_\.' the use of Hferlt'uln—]iim' gugglms— gl:IHRE'.‘-'- wineh r=|||}'
transmit the centre of the spectrum, viz., the blue, oreel, anil a Pul'tinll of the :-.'u:“uw
rays—have given encouraging results, and I am  therefore persevering m that
direction.

8. Visible Chorewdal Vessels wnd Stippled Choroid.—It as frequently the case
that, when in the human eve the choroidal vessels can be seen with the ophthal-
Moscope, Hight 15 not normal over the area where these vessels can be discerned.
Usually a tundus in which choroidal vessels are visible is not of the normal vermilion
colour, but is either orange-pink in light-haived people, or of a dull reddish-brown in
the others. In an t}r:‘ul;_';i;hpinl{ fundus the space between the visible chovoidal vessels
15 somewhat paler and less orange than the rest of the fundus.  In reddish-brown
fundi the spaces between the choroidal vessels arve of various shades of reddish-grey
and oceasionally dark grev, or nearly black.,  These extreme cases have been described
as Choroiditis, but 1 think that in EY Cases th::-.}' are not due to disease, ut to a
congenital defeet, since sometimes vision 15 unimpaired.  In no ease arve choroidal

* Senopl amd ALTs Summary in Noriris ad Oniver's @ Diseases of the Byve vol, 3
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vessels visible over the macula area, not even in Albinos, although they appear very
obviens around its margin.  All these appearances find their simplest explanation in
different degrees of Iriglm'lllnlinn of the vascular 1:1}‘&*“-; of the choroid.  Tn the most
e xtreme cases the retinal lﬁgnwm seems to be discolourved and the choroidal pigm{!lll
absent, so that the black pigment of the Memb. suprachoroidea and the Memb.
fusea of the sclerotic can be seen.  The pigment of these layers, shining through the
sparsely  pigmented chovoid, accounts for the reddish-grevs of different densities
observed in other eases.  These {-ungunit:li defects are reversions of tvpe, as alrendy
in the Hylobates (the Gibbons) we meet with visible chorvoidal vessels, and these oceur
in all the other Simize except those that have very dark skins.

In o number of other Orders visible choroidal vessels oceur, they being most marked
in the Macropodidie and some of the other Marsupials, which present the appearance
of red choroidal vessels on dark grey or black grounds observable in the most extreme
ecases of the El.llq'llntnﬂ‘ullﬁ c-:mgvllitul defect in Man.

The stippled appearanee which ocenrs in the Feline Douroucouli and n the Lemurs,
15 also occasionally met with in Man, frequently accompanied by visible choroidal

vessels, and by a greater or less impairment of vision,

0. Fetropion of the Urea.—Dr, SrEPHENS0N™ has given an exhaustive aceount of

Lhe uull'nlriam of the uven in Man, He coneludes :—

L3 i) e then that vttl‘upiuu of the uvea iy show itself under three
lorms —
i 1 :\;ipi:ie-likf; lu'[[jectiuns on the |:I|]Ji1|.-u'_}' nmlgiu_
Sl T’i;_l;llu*utm] |]-:I.I'li{“.'|E.'“i ]_‘n.'ing free in the anterior chamber, and
i Uwsts formed by the degeneration of such particles.
“ 1L ois a0 matter of common lillll'lu'l.'li‘llf_[t_' that anatomieal features constant i the

h"'t"-'l'l' il]]iHI.EI.IH fronn lillli’ Lo 1.;111&" Te=assert “Ii!ll'l?‘il“.l'\'l'ﬁ -”! :'HIIITL“

Then he mentions, coneerning the eve, the opaque nerve fibves, and the persistent

il_'l.'u‘ll'”i[l \'l"-"\'-“l.".!."i —

ok I;;I:s[]_‘l.', vutruljiun of the uvea 15 a condition natural to the eye of the Horse and
allied animals, and when oceurring in Man must be regarded as a reversion in
type to the anatomical structure of vertebrates lower in the seale of creation,”

I cannot follow him to this extent. As to the nipple-shaped projections from the
pupillary margin, which oceur as a congenital ectropion of the uvea in Man, they
are found normally along the upper and lower margins of the iris in the Horse, and
in a large number of other Ungulates (see Plate 29), and they exist to a marked
degree around the cireumference of the pupil in the Marsupial Perameles lagotis,
Where such features oceur normally, they probably serve a distinet physiological
purpose, and 1 think that sueh uveal and ividic projections are an additional eon-

* 0 Medical Press,’ October 1893,

————
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trivance for pt'utl}.::tillg the eve against glare.  They ocenr nurm:g]l}‘ i those animals
whose horizontally oval pupils contract imperfeetly to light, and Hyrax possesses an
ammmlugﬂ to the ms of definite Hhu]:u and strueture, and ]rw".llliul'}_‘.' active, as iI.I'I'L‘-;Hi.j’
described in Part L, p. 22, and ih:lﬁu:;l;ul'[ in Plate 29.

A further analogy s the II:L]n of the iris of the Skates, which ean be drawn down
like a blind to shut the pupil.  But all these are seattered cases, although they may
have had a wider distribution in the Mammalia; and considering that no normal
ectropia occur in the Simime or in the Lemurs, we are not jl!ﬂt;ﬁl'tl i looking upon
congenital cases in Man as due to ancestral analogy, which of course is no explana-

tion, but 1t 1s certain that not BVELY l.‘:n:ll;_;*:rlﬁlﬂ ll}']rl*l‘il‘frlril}' 15 ancestral.

IV. Tur Suare axp Corour orF THE Orric Thsc,

In the majority of Mammals the dise is eircular, but even within the various orders
we meet with certain exceptions.  All the Primates, Chiroptera, and Insectivors,
Edentata and Marsupials have civeular dises.  Among the Carnivora we find many
exceptions, e.g., Uynictis has a horizontally oval dise, whilst in the Waolf, Jackal, and
E‘UIL"L"} Wi ﬁ]jﬁl it I_LJ?.'E_.""::_‘:L' or k;llll[‘}'—ﬁliilliﬁ"{i_ 'I.LI:I{.’ [].EHU ]H I.E“]'ii"'.i.bl]t-il“}' Ir‘l.":'l! i.EI "IH‘.“'=1.' 'I'l{L
the Artiodactyls, as well as in all the Equdwe, but we find it civeular mm the Goat,
Camel, Llama, Tapir, Rhinoceros, Elephant, and Hyrax.

The dise hes either on a level with the retina, or is sunk below it, forming a kind
of cup, a feature almost entively confined to the Carmivora and Flying Squirrels.
The hul‘i}:ﬂhtully oval disc is 11:-;11:1”}‘ .'-si]lgh*, but it may consist of two or three lohes,
a peculiarity exclusively confined to the Cervidie.  The Seiruidie are alone in having
two entirely distinet forms of dise.  The first. which meludes the greater number of
Sljunieﬁ, consists of a lllllf_[ thin izqu;*.-ﬁl-u.- dise often ::|1151-:-;|].1|w1| at the ends, stretched
horizontally aeross the fundus, and considerably above the axis of viston. This reaches
its greatest development in the Marmots and Spermophilus, in which it extends to
nearly half the width of the eyeball. The second form, which exists in Seivies
pabmarwin and the Flying Squirrels, is eireular and depressed below the level of the
retina.  Lastly, umique among Mammals, and rveminding one of certain Birds and
Reptiles, is the long vertically oval dise of the Monotreme Echidna. In some few
cases the dise 15 covered with pigment (Cervidie, Tragula, Cynictis), and it is
frequently surrounded by a ring, black in the Primates and green in the Carnivora,
In Man and all the Simie, the disc is rosy pink or red, while m the Galagos it is
black or green.

In the Lemurs, Bats, Hodents, Edentates, Marsupials, and Echidna it is chalky-
white, resembling in eolour the pathological condition known as White Atrophy.

It is red or pink in all Art lactyls, excepting Tragula, in which latter the disc is
white, but covered with a dense brown moss-like network of pigment. In the
Perissodactyla, Hyracidae, and Elephantide the dise is imvariably white or cream

YOL, CXCIV.—E. 1



a8 DR. G. L. JOHNSON ON THE COMPARATIVE ANATOMY

coloured, the only exception being the Equids, which have red dises with eentral
patches of deeper colour.  In the Hedgehog and Mole the dise is bright red.

The greatest diversity of colour prevails in the Carnivora, viz., grey, brown, red,
and various shades of buff and white. In the Seal the dise is brown-pink, sur-
rounded by a green ring.

These eolours are obviously not due to the eapillaries on or below the surfice of
the dise, to which the pink eolour of the human dise is generally attributed. Even
with regard to Man it is difficult to accept this explanation. It has never been
sugrested that the atrophy of the dise coineides with the atrophy of the capillaries,
which alone would account for the :“mllrpirul'u] e of the colour if the usual E;xp]mmﬁon
were correct. Further, when the human dise is viewed ophthalmoscopically by
reflected sunlight, the pink dise always appears buft 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 dises of the Carnivora.

V. Tae SHare ofF THE PuUFPIL.

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

Circular pupils dilating and conlracting to a civele:
All the Simize,
Chiroptera.
Insectivora.
Most Carnivora, viz. :
Most large Felida.
“i:ri‘l.'l,"'l'l'h]“,! {t‘}iﬂ, (:}“i]iﬂtiﬁ}.
Canide (exe, Racoon-like Dog, Lyeaon, and Foxes).
Procyonidae (exe. Herpestes).
Hywenide (exe. H. Striata).
Ursidee (exe. Melursus).
Some Ungulates, viz. :
Elephas, Tapirus, Rhinoceros.
Nearly all Rodents (exe. Coipu, Capybara, some Seiuridee, Marmots, and
Cavidz).
Edentata.
Marsupials.

Echidna.
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Slightly vertically oval pupils :
Lemures and Galagos, Foxes, Racoon-like Dog, Lycaon, Hymna Striata,
Melursus, Coypu, Capyhara, Spotted Cavy.

Vertical slit-like pupils dilating to a true civele or nearly so :
All remaining Felidze.

l‘Enllifltr[]'l:l.

Horizontally oval pupils ;
Cynictis, Herpestes.
All Artiodactyls, Equidie, Hyracidie, Cetacea, and Sirenia,
Marmots, Viscacha, and a few Seiuride,

It will be seen that the pupils of the Cetaceans are horizontally oval, having thus
the opposite direction to that of the Pinnipedia.

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

I have found that horizontally oval pupils do not act to mydriaties, myoties, or light
with anything like the same rapidity that we find to be the ecase with vertically oval
or round pupils in all the orders other than the Ungulates.  The pupils of the latter,
1||.'|"]I-I:_‘.":.IIIE_'.‘[' 'I'ﬂll]'lll or {'l\'-:l]. 1t -'i” |'l""|'|'|lll'k.'L1 Ii:\' illHl‘lIHili\'E.‘.‘ L Iif_’;]l', lh'“gﬂ, ol H{:['-I:II]]]]]I'I[]EI.I'[l"l-ll
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 contracted and
afterwards tfr'fu!r'.u:r; to it= fullest extent.

Among the Ungulata we find a number of animals which have |}i_!__'|'IIIE.‘II1E!l] EBXCres-
cences arising from the upper, and to a lesser extent from the lower, border of the iris,
in some cases forming a distinet and symmetrieally designed structure, the purpose of
which is {ﬂr'\-‘im:.‘-ﬂ_}' to diminigh the vertical diameter of the ]‘mpﬂ, and thus sereen the
otherwise abnormally large pupil from glare.  (See Plate 29.) Reference to this has
already been made in the first part of this paper (page 27), as well as under the head
of vestigial relies (Part 11, f'h.‘tph}r I11.).

The shape of the pupil and that of the dise seem to concord to some extent, but
the agreement is not such as to warrant the elaboration of a definite rule, except in
the ease of the Ungnl:it&s, where it seems to hold gnnll to a gl'f_"zitt":' extent than in
any other order.

It may be added that, unlike the Birds and Reptiles among which we find irides of
the most brilliant colour and of BVELY hue, the Mammalia, with the {*:-:('-t‘]htiflil of Man,
the domestic Cats, some Dogs, and Albinos, have invariably ivides of some shade of
brown or orange.
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VI. DivErGENCE oF THE Orric AXES.

As already remarked, whenever I examined the eyes of an animal, I measured the
divergence of the optic axes by means of a special instrument I devised for the
purpose.  This imstrument, shown in the following figure, consists of a bar, on which
two graduated quadrants slide, each earrying a movable indieator revolving on it.
In order to measure the c]ivﬁt'gvnm: of an animal’s eV es, the instrument was Pl!u:{_‘:d on
its head immediately above and parallel to the plane passing through the centres of
the two eyes. The quadrants were moved so that the pivots of the indicators lay in
tuhf_'.' l'.lj]li.ﬂ AXPs I':Ii. “.ill|I l,!'"l.'l"ﬁ, rJ:‘]'ll" il![li‘!-'l:t'l'll"ﬁ- Wenreg thl"ll 'E'HIFIII"'[!. lli!t” tllﬂl}r ]El:r' }_Itﬂ'lig
the axes, and the degrees read off on each side. The mean between the two readings
was taken, and the number of degrees thus obtained indicated the deviation from
the median ]i_lw, or in other words, from th!‘JI]I{‘I vision. If the indieators stood at
right angles to the median hne (v.c., the line drawn through the vertebral column)
the divergence would equal 907 ; if parallel to the median line, the divergence would

equal 0%,

R TR

Mo T

GONIOMETER 4 naturalsize

As alveady pointed out, the Simiwe, viz,, Man and the true Monkeys, alone have the
power of convergence, and th(':.' alone have ]Hll'-l'l”t*] vision when the EVES Are in a
state of rest. No other Mammal in a wild state ean 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 taken as a whole, whilst on the right details as to families and genera are
gi‘i't‘ll- It will be seen from this that the higher the order, the nearer the axis
approaches parallel vision, although the range in each is considerable, and each one to
some extent overlaps the other. The extensive range observable in the Rodents is
in harmony with the great divergence of type in the fundus of that order.

In the Chiroptera, Edentata, and Monotrerhes, the material examined was necessarily
limited.
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It seems H‘:II“]’]]'EHEI'Ig that Echidna should rank se high in the list of divergences,
having only 25°.  There can be no doubt that divergence of the optic axes, eombined
with a large cornea, is a great source of protection to the animals by the inereased
I‘ﬂ,ﬂhﬁ ﬁ_r ".'iﬁil_'ln it g;‘.'l"ﬂ lI,'l'll_‘l'l!_ I'|| I‘I:llh I‘I."h'l"l ]'I.H.f'l il ]]]f!{“l.“ll-ﬁi?’..{"ll ﬂl'll'll{"ﬂ, tl]l_" l,".‘{l'!'l_']n[‘.‘
lateral range of vision for the two eyes together is equal to about 165% and for very
bright objects, such as an incandescent light, 175° to 180°. Now in the Harve,
Squirrel, and Oectodon, which have a divergence of from 807 to 85° for each eve, the
field of view must at the very least embrace n',tunr-ﬁ:llft'n'h'l_\' more than double this latter
ﬂt‘rg]ﬁ‘. -[m'i:r];_-: to the very ]zit'gf: size of the cornea. I have estimated for the Hare the
angle to embrace not less than 1907 for each eve, the fields overlapping not only in
ﬁ'ﬂlnt h'l,]_t BVEN R!ig]lt]}' ll{‘!hi]'ll],. l‘1l'lf:I]'I'| E‘x}l[‘l'illl{'lliﬂ III-'I[!l'! all Hilll;]']'['l.“t I il."l"n-'t|I 1“"{“’{!(1
that they can see an object approaching immediately behind them when the eyes
are in the position of rest.

VII. ReFracrtionN.

When examining the eyes of various animals T have in every ease where possible
made careful observations of the refraction of the eyes, both by means of retinoseopy
and by the direct method with the up]ll|:|:|]|nm-;t-.npe. As it would be wearisome to
give the data concerning the refraction of each animal, T shall lhnit myselt’ to the
statement of the general results arrived at.

If. we eti"li]]il'ﬂ 11‘“"'&"3[;{5 Eilli]lh'ltﬁ-.. il] “'I]il'-l] I.lH.’. t'l_"rl'-'li‘.'.ifl!] \'Fil'it‘!ﬁ OV EeEr E.'-"-IISi[IE.‘-I'u'!]:l]H
limits in all directions of error, we find that 'Ehl-uughunf the Mammalia, with a few
notable exceptions, vision is hypermetropic. Myopia is exceedingly rare among
animals in a wild state, but it is frequently met with, both with and without
nstigumti.‘sm, among domesticated animals, E'-‘-i]J{’i"iq'I].I_‘-.' (illillf'n-pigk., Rabhits, and other
Rodents kept in confinement in small hutehes.  The only other animals in which 1
have met with it 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. Oceasionally T have met with myopia
in other animals (e.g., Sooty Mangabey, Syrian Bear, Cape Zorilla, Golden Agouti,
Wild Ass, Llama, Doreas Gazelle, &c.); but as in many cases it may have been
accidental and not characteristic of the species, any inference is impossible.

A ﬁlig}lt lll—‘gl'ﬁﬂ of II_\.'E:E_"I‘iIIL‘l |'nl}iu, i.e., under 1 [_]iﬂllt{"l'__ may he said to be the rule
throughout the higher Mammalia, whilst higher hyvpermetropia, e, 2 D, to 5 D., is
found in the wild species of the Rodents, the Edentata, and the Marsupials. Simple
emmetropice s vavely met with ; indeed 1 very much doubt whether 1t 1s compuatible
with sight of @ high degree of perfection.  From examination of the vision among a
large number of native youths from the Upper and Lower Congo, the Nile Valley,
and the Niger 'l'erril,m'y, I found that every one with vision IJI;'.J,.’U]I{] the usual

(¥ [ . - .
standard uf—ﬁ- or o was hypermetropie to at least *5 to ‘75 Diopter (manifest), an
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amount elosely corresponding with that found in the great majority of the Primates
and Carnivores.

Astigmatism in a small degree, i.e,, between 50 D. and 1 D., likewise occurs
I-!Ilf!l‘i,l:l[l‘:.‘L”'}' t.]lrmlglmul, the orders ; the Simiz, a number of the Carnivores, and
Rodents being practically free from it. On the other hand, it oceurs almost
universally in the domestic animals, and throughout the Ungulata, the Cetacea, and
ﬂ.]]. h[il]]]]'l]{l]ﬂ I.H:ﬁ]ﬁ“' t]lt‘!'[Il-.

The eyes of amphibious and marine Mammals are adapted for vision under water in
two “'EI.}’H. T'ﬂ' tll!} ﬁ['.";'ut. I}I-}I.‘SH, “‘I]i[‘l] f_!'l"l'l'l'II_]I'i!'if_|I FI.H '”H'! "II'I'H!'I"-“'E'I.-tf‘!t' ﬁ-l"l}lln]iﬂuﬁ ?I'[il.'l]!"lil].s
(e.., Otter, Beaver, Water Rat), the eye resembles in its refractive power that of
strongly hypermetropic land Mammals; but in order to compensate for the loss of
the refractive power of the cornea when the eye 1S .L;ll]}trml"gﬂ{], the ci]iar}r musele is
immensely developed, and the accommodative power proportionately increased.

In the eyes of the common Otter (Lutra vulgaris), which T carefully measured, 1
found the astigmatism nil, and the manifest hypermetropia 45 1.

In the second elass, viz., the marine Mammals, not only is the eiliary musele greatly
rlev:—‘:]upr-:{], but there is .{ll'l.‘l.-':i,:,':-i. i |;n'gu area of the eornea which is flattened in the
horizontal meridian, producing an extraordinary degree of astigmatism. According
to MarrHieseN,® who has examined the different species of Whales common to the
Arctic coast of Norway, they all possess corneal astigmatism of between 4 and
45 Diopters.

In other marine Mammals, such as the Otariida and Phocida, T found astigmatism
invariably present, as in the Whales, but to a still more marked degree. The common
Seal ( Phoea vituling) and the Sea Lion (OQtaria jubata) both have a myopic refraction
of 4 Diopters in the vertical meridian and 13 D. in the horizontal meridian, the
difference of 9 I). being an amount of astigmatism practically unknown in Man.
The pupil of these animals contracts to a narrow vertical stenopaeie slit which entirely
corrects this difference.

VIII. Bixocurar Visiox.

With the exception of a paper by R. BERLIN,T no attempt has been made to decide
whether animals really have binocular vision. He eoncludes that binocular vision
exists because 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 that it is ;1!]@5:}]111'_.:3@ NEecessary for ﬂcclli‘atel_',?
judging distances, as animals which have lost the sight of one eye do not seem to be

* + Zeitsehr. fiir Vergl. Angenheilkunde,’ vol. 7 (1893), p. 77.
t “ Ueber die Schitzung der Entfernungen bei Thieren,” * Zeitschr. fiir Vergl. Augenheilkunde,' part T,
1893, p. 1. '
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any worse off’ in this respeet. It seems as if all Mammals have binocular vision, but
that the_‘r‘ do not !'n'L\' entirely on it.

It is a remavkable fact that, it we except Man and the Simie, 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 instead. This not only places
them in a more favourable position as ':'L‘galt'llri attack or defence, but the movement of
the head seems a simpler motion than that of the eyes, so that notwithstanding the
high development of the ocular museles, 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 direet vision. Ophthalmo-
scopic examination has proved that Man and all the Simise witliont erception
possess a macula and a cirenmseribed macula area (the space bounded by the reflex
riug, vide Plates 1, 2, and 3), and they are not to be found in any other Mammals.
Moreover, Man and the Simize alone are capable of convergence. It is therefore
obvious that sinee the uuglu of acute vision 0!:1_}-’ subtends 4% to 5° for each eye,
binocular vision for near distances can only be obtained by convergence. From the
Lemurs downwards in all the other Mammals, except Simize, habitual convergence
ceases, and the maeula 1s absent, but in its stead we find a lavger sensitive avea. It s
i" most cases i'l:lll:ll:il:"d'.'-i]l].f_" o ﬂlt‘l}il‘-t I.]IIi-‘i Arga even I'Ul.l;__:h]}' ]l:.' means of E.lll.’. {IiPI:IHh'L]]]]U'
scope, sinee, excepl in the Ruminants and Carmivora, there 1s never any alteration
in the eolour of the fundus, or marked absence of retinal vessels to serve as guides
in locating it.  CHieviTz® examined the eyes of some twenty Mammals, and
SL“N.—\H]H{? ]1?1."1 Htlll[i{,"ll “'.I!E"]‘ﬁ:l S0 '_.ih'lf- Wwe I‘{[I.l}“" t]l.l’ QCCLLYTENCE o1 ﬂ,.l_h‘:“_'['l.f_!ﬂ Ei.!l{l
extent of the sensitive area in upwards of fifty different Mammals belonging chiefly
to the Simie, and the more common Ungulates, Rodents, and Carnivores. This list
I have been able to supplement by a number of exotic forms.

The Simize all have a clearly-defined macula and usually a well-marked civcular
reflex ring, limiting the macula area, and containimg in its centre the foveal pit.

In the Prosimie we have on the outer side of the dise, in the position which the
maecila oceupies in the Simie, a portion of the retina devoid of vessels.  Although
this region 1s of the same colour as the rest of the fundus, the absence of vessels
points to its being a sensitive area, larger in extent than the macula region. Where
the sensitive area can be in the Bats 1 am not able to SAY ; nor have 1 any clue as to
where 1t may be in the Insectivora, although in 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 avea, but in all the other Carnivora the
central sensitive area is distinguished by a distinet difference of colour, mostly a
dazzling golden-yellow, and by a striking absence of vessels over a distinet zone which

* « [Teber das Vorkommen der Area Centralis Retine,” * Arvchiv fiir Anatomie,” 18491,
t “ Comparative Study of the Area of Acute Vision in Vertebrates,” * Journ. Maorph.,” 1897,
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lies just above the dise and on the posterior (outer) side of the axis of vision.
JHIEVITE, by microscopic sections, has located the sensitive area of the Seal, the Cat,
the Badger, the Marten, and the Dog, as a small round pateh immediately posterior
(t.e., external) to the optic dise, while in the Common Fox he locates. it in the angle
formed below the dise by the two descending main vessels, Among the Ungulates,
the Suide have a sensitive area diagonally across the fundus. This zone, devoid of
vessels and diseernible with the ophthalmoscope, corresponds to that determined
II\E{.’!I"{}H[HJIJ;CH]].‘}' I}J.‘ UIIII-!TI.'I'?.. ]Il t-]:ll: Sﬂlﬁ_ﬁl!ﬂ[lulllﬂ t.l:l{_‘.' HElIHitiTE e iH 1.\.'[_’!“ I]H'l,l_'kt,"[l
on both sides of the dise and immediately above it, bisected by the main ascending
artery and vein. In the Cavicornia other than Capra, and in all the Cervicornia, the
sensitive area has a distinet “ rosy * glow ; whilst in Capra, the Camelide, and the
Tragulidee, the sensitive area is well marked by the absence of vessels, but there is no
distinetive colour,  In Capra, I find the area more or less round, and not stratiform
as in the other Selenodonta. In the ]"ul'ir-;ml-c]ucl.‘}'lu and the Probosecide, no trace of a
sensitive area can be seen.  Aceording to CHievirz, the sensitive area in the Equidse
forms a broad horizontal band immediately above the disc and peripheral zone. In
the Rodents, other than the Leporidie and the Sciuride, we have no indication of a
sensitive area.  In these two families it extends right across the fundus immediately
below the dise. In the Leporidse we find an absence of vessels over the sensitive
area. In the Sciuridse the sensitive area could be located only by the photophobia,
caused by concentrating the light on this particular region, and the increased bright-
ness of the reflex. Photophobia only gives some indication of the sensitive area in
the Insectivora and the Edentata, the I'-'[:H‘:ulpi;l]u, and the Monotremata, in which it
seems to be situated very near the dise, and to be very limited in extent. The distress
of the Insectivora and Edentata when I directed the light from the ophthalmoscope
Elﬂ.‘ﬂ'ﬂ L L]l{.‘-‘ I].EH!.".- Wil i‘.'."i-lH,,‘:l.'iiq'l..I.]}' IIlEi.'l']'[El,],

To sum up : Sensitive aveas of restricted dimensions, omitting those cases in which
the area 1s limited to a maecula, exist in the Carnivora, in which order the divergence
is not great. In the U!tgul:i,l:uﬁ, lodents, Edentates, and 3‘-‘[411':-:1:];1:1]5, where we find
great divergence of axes, large cornes, and nearly spherical lenses, the sensitive
areas are larger, and probably the degree of difference in perception over such areas,
compared with the more l]url]]hel'ﬂ] parts, is but little marked. This leads to the
consideration 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 pupil—especially the horizontally oval pupil—and the
refraction, favour this hypothesis. Hereto comes another fact which I have observed,
viz., that the cornea is much larger in those animals which have a divergence of more
than 50° or 60° In addition, these animals have nearly spherical lenses. Evidently
these latter facts are of muech greater importance than the size of the pupil, as we
know by analogy with a camera, that the size of the stop does not affect the field or
angle of view, which is solely dependent on the shape of the lenses in the combina-

.
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tion, and their |:|-l1}xin|it}' to each other, and to the f]inphl*:l;_l;'m_ It iz evident that the
inereased size of the cornea will allow rays of much greater obliquity to be refracted
into the eve, and a spherieal lens will diminish the distortion produced by the focus of
those oblique rays, and that all the more, since the image is received upon a surface
nearly equidistant from the nodal points. In our eye, possessing only a small angle of
acute vision, a blurred image produced at a point near the periphery is of no 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.

[X. Pavsiorocicarn CONSIDERATIONS.

It is obviously beyond the scope of this paper to attempt any theory of vision or of
colour perception, or even to see to what extent the facts which we have recorded
can he !)rnught into harmony with 5xiﬁting views, It will not be I!UHH“JIU to do more
than eall attention, and that ﬂlll:,.’ in a very cursory manner, to some few Among many
points which have specially impressed me in the course of this work.

In referving to a number of our text-books 1 have been struck with the difference
between the explanation given for the ophthalmoscopie appearance and the deserip-
tions of the eve which underlie the theories of vision. In the first instance we are told
that the ophthalmoscopic image is due to reflection from the choroid and its vessels,
whilst on the other hand we are told that the mmpmging Light is absorbed by the
black opaque epithelial layer of the retina. Now it seems to me that reflections from
the choroid can only be seen if the epithelial layer is transparent, or at least trans-
lucent ; and if this is so, the light is not absorbed by the epithelial layer, but we see
by reflected and not by incident light, unless it be that both play a part in vision.
In the last edition of HeLmsovrz's ‘ Physiologische Optik ™ the view is expressed
that we see both by imeident and reflected light; and, according to BrUckk, the
reflection has the effect, that the light which has struck the sensitive elements of the
retina by impinging on them, strikes and affects them again on its return, at least in
those eyes, he says, which possess a Tapetum lucidum. Now we have seen that in
eyes which have no tapetum, the membrane of Bruch and the internal layers of the
choroid are transparenh and that the elnitlleﬁall |u:|,'ﬂ' is very translucent. We have
seen that in eyes which have a Tapetum cellulosum, the inner layers of the choroid are
opaque and eolourless, the colour being exclusively due to the translucent epithelial
pigment crystals. Lastly, we have found that the Tapetum fibrosum consists of
certain layers within the choroid which are structurally coloured, the eolour being to
some extent modified by translucent coloured epithelial erystals. T venture to think
that these facts must be taken into consideration in forming any theory of vision or
colour perception.

Having had oceasion to study the work of LipPMANN on ecolour photography, I

could not help being struck by the similarity of his device and the conditions which
VOL. CXCIV.—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 contact with the sensitive film of the
plate, thus reflecting the hght which had passed through the translucent film on to
the ||:1.|'ti{~.1|-.l-: of silver bromide, the eolour effect being obtained I]:l,' imterference, In the
eye the light seems to pass through the translucent retina (which may be compared to
the sensitive I'|||||} and to be reflected back i:}' the choroid, or I}_}-‘ the T:l]mtum Iueidum,
through the sensitive nerve terminals of the retina (which are analogous to the
particles of silver haloid). If we venture to earry our analogy still further, we may
presume that we owe our eolour-sense to interference also. The difference between
Lirpmans’s method and that of Nature, however, is that in the latter the reflecting
surface 1s :1]“':1_1,'5-; colonured, and refleets ineident Iight of different wnw_:—}ﬂngths
unequally.  In ourselves red and orange are reflected to a greater extent than the
other colours, and thee}' are m!rini!d}' the colours we see furthest and best.

Now we have seen that we do not meet with blue or violet in the Fundus oculi
c:-;culmt in small ]Ih'ltt,'!]!lf’ﬁ, but nu|:,' with the less 1‘ef'|':mgi]ﬂe 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 choroid of the Tapetum fibrosum is always tempered by
the overlying retinal pigment, so that in the Ungulates which have this tapetum we
do not get blue or violet fundi, with the sole exception of Capra, and even then it is
mixed with red or green, so that the fundus 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 distinetiveness and appear uniform, with the
&Kﬂtpti:m of L"n'{"”ﬂ:\"f E‘I.II{I l!I'FI.H{_’:"t". .

I am not able myself to bring the colours 1 have found in the Fundus oculi in
harmony with the three-eolour “IEHI'}', ;11t.}mllg|1 |1|}Bﬁ;hl}' some relation may he found
on further mvestigation.

The existence of a dark peripheral arvea, a so-called Tapetum nigrum, wherever we
have a highly-reflecting Tapetum lucidum, seems to point to the necessity of preventing
I"I:HI'!I:_!‘.EI}II iﬂ*}'lllll] il El'['t}lill HAREHE ill Hl'[ll".-l' tﬂ El‘p’l!il-'l. 1}]“1’[‘{;‘!] illlﬂ:gﬂﬁ. I vEl‘F nluﬂ]l dﬂu.ht
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.

X. Inrruesce oF DoOMESTICATION.

The eye is no exception to the rule, that domestication greatly inereases variability.
The colour of the Fundus 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 ittﬂi'w'i{lu:lﬂ}'. an oceurrence almost unknown in wild :-apucﬂtnﬁni-:. In the
Ungulata, notably the Horse, Ass, Mule, and Cow, the variation s 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 pigm{'llt, and this eolour is
1-.:.;-;il}r mmﬂeljtil:]u to variation |1-:,,r domestieation and interbreeding, whilst in the
Ungulata the colour of the fundus is mainly determined by the Tapetum fibrosum
which, being choroidal, remains practically unchanged, the altered retinal pigment
determining but a slight change of hue.

The Dog shows the greatest amount of variation, in conformity with the almost
UIII,]IL“SS Traees i['lt.l]' “'hi(_.'..lfl t-]'liﬁ- I}Iillhle g‘v:llu.‘:: {‘HIl ]]L"‘l']lﬂ] 15 HL"-'{'I'EiI '-h-"l‘lll‘ril., |'-.|!‘.1 -‘i\l'{ll'\'i'ﬂ,
Foxes, and Jackals) has been modified by domestication and artificial seleetion,  The
tabulation of the 1>|1h’|.'.|ml|||1.‘rsﬁnpi{: results, based upon a |.'|1';.;ﬂ nmunber of ]h:g:-:, 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.

Nicoras and Fromacer® have classed the ophthalmoscopic colour of the Fundus
oeuli of the Horse ﬂcmwling to the colour of the coat of the animal, but their results
would probably be more conclusive 1if the examination were undertaken from the
standpoint of racial difference.

The influence of domestication, which is merely foreed 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 it we compare the latter with the high
degree of hypermetropia in the Have. This myopie condition |}I1}]]Fl|]!}’ receives 1ts
explanation in the small dark hutehes in which these Rodents arve generally confined.
M}'ﬂpi:ﬁ. is almost unknown in wild animals, but it occurs m wild Hlnmﬁtnl_‘i]s which
have long been kept in captivity,

X1 Tae OPHTHALMOSCOPIC APPEARANCE OF THE FUXNDUS OCULI A% BEARING ON
CLASSIFICATION,

I{AE{}KEL, i his * S_}'.‘;tmn:lt[l_‘: Ph_}’lﬂ:'_‘;t‘:'tll!'..‘-li.‘-],rt remarks that the ur;_fmﬂml ion and
development of the eye in the vertebrates is, so far as their phylogenesis is coneerned,
of very limited interest. With the material at his disposal he could not have come
to any other conclusion. Comparative ophthalmology is recent, and no attempt has
yet been made to arrange the facts hitherto ascertained with a view to generalisation,
and of testing their taxonomie and phylogenetic value. 1 hope that the observations

* *Ophtalmoscopie Vétérinaire.” Paris, 1898,
t VFide * Systematische Phylogenie der Wirbelthiere,” Ernst Harcker.,  Berlin, 1895, p. 127,
K 2
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and conclusions recorded in this paper may serve as a first step in that direction, and
that although ineomplete they may prove useful.

I am fully aware that no sound classification can be based upon one single organ,
but 1t 1s also certain that this is the only way in which the taxonomie value of any
organ—in our case the eye—can be tested. Comparison with standard classifications
will reveal diserepancies, and these will then have to be sifted and accounted for.

The striking concordance which I have found between an attempted arrangement
of the Mammalia aceording to the Fundus oeuli, and the most modern elassification,
renders it worth while to consider the points of difference between them.

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 branches have differentiated.

The leading features presented by the Fundus oculi are : First, the vaseularisation.
fiﬂﬁﬂl‘{li ”gl}n t]'l.l:.‘! i\'lil"l“lﬁ]iq'l il ]'H:‘. J_’:I'l}“l.]ﬂl} i]']t.“ x‘%,]'!q';l.'!lgiﬂi{,ln';l.} 'i_ﬂ,' \?it]lﬂllt "L‘S-HCIE, !I,]'Id
Angioida, e, with retinal vessels, together with an intermediate group, which 1
propose calling Pseudangioida.  Secondly, the existence or absence of a tapetum.
Those which have a tapetum ean be divided into those having a Tapetum primi-
tivam ; those having a Tapetum cellulosum ; and, lastly, those which have a Tapetum
fibrosum.

It is quite understandable and supported by evidence that ancestral, say reptilian,
features inherited by the Mammalia as a elass, should get lost within some of the
various orders of the Mammalia.  But it is far less likely that features developed
within the elass of the Mammalia should get lost. Consequently it is almost abso-
lutely certain that the anangioid dise 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-
tilionidae occurred already in the Eoeene, i.e., at an epoch when the separation into
the other main groups or combinations of the present orders had scarcely begun.
|I.['|I1l$ ﬂ}rtﬁ ﬂ'F thﬁﬁl_‘! II{}Gtu'l.lrrl:ﬂ.l ﬁl’ﬂﬂtlll‘ﬂﬂ Hare Fﬂ]'}r Ei]'!'lil.-".:,, ﬂ[!illlgiﬂlls, El“[l dﬂ'\'ﬂjd l:]'f .':I.Il}'
traces of higher development, except that they are also without any traces of ancestral
vestiges, besides the rather common rudiment of the hyaloid artery.

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

PRIMATES. Bimie, Anthropoidse. Home,
Trogledyles gorilla and T’ niger.
Simin salyrus.
Hylobales albimanus,
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PRIMATES, Simiae,
Tarsii.
Lemures.

CHIROPTERA.

INSECTIVORA.

CARNIVORA, Pinnipedia.
Fissipedia.

Cercopithecidm.

Hapalidze.

Cebidae,

Chiromyidae.
Lemuridae,

Galagaidee.

Felide,

Viverridee.

Mustelidse,

Merceens vhesus, M, cynomolgues, M,
speciosus, M. sindeas and M dnwaes.

Cyuocephalus poreerius, O, mormon,
O hamadryges and O, flerus,

Cercopithecus alldqlaris, C, diana,
L eallitrichus,

Cercocelues collariz, O _frrﬁ:.ri.lru.wx.

Cymapilhecus wiger.

lapale jubnta and H. penicillata,

Chrysathriz seinren,

Lagothriz fumboldtis, Afeles aler
and A, geaffroni.

Myceles seniculus.

Cebites foduellus,

Nyelipitheens  vociferans and N,
lemnurinus.

Clironys,

Lewmr Drwnnews, L. eovonafus, L.
muteen, L. wiger, L. variepafus.

Nyelicebus tavdigradus,

Loris,
Gralage garieelli, . maholi, and .
muntberii,

Pleropus fndicus and P, polivcephalus.
Fesperfilio nallereri,

Tulpa enropuen,
Erinacens enraperus,

LPhoca vitulina,
Deeriie fubule,

Feliz leo, F. serpal, F. caffra, F.
domesticus, F. siomensiz, F. par-
dalis, F. jubatus, F. concolor.

Fenella vulguris, 2, Imm'i'ml..

Paradorurus typus, P, prehensilis.

Herpesies pulverulentus, . grisens,

H. wepalensis,

Cynielis penicillale,

Suricale tefradactyla,

Mustela foina, M, pidorius,

Galictis barbara.

Tetonyr zorilla,

Meles ankunia, M. capensis,
Mephilis mephilica,
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CARNIVORA. Fissipedia., Mustelidae. Lutra vulgaris.
Hyenidse. Hyena  crocwdn, H. brunnea, IT,
siriafa.
Canidse. Canis familiaris (very many varie-

tics, e, St. Bernard, Poodle,
Sky Terrier, Collie, Fox Terrier,
Greyhound, Spaniel, Chon-chon,
& ).
. dinge.
{7, procyonides, €. vulpes.
. lagopus, O, pallipes,
A, aurens, O, mesomelas, O, cerdo.
L. latrans, C. azare,
Lycaon piclus.
Proeyonidee. FProcyon lotor, ditto albins,
Bassaricyon allent.
Cercoleples eawdivoloulus,
Nusua rufa.
Urzidm. Ursus syrivens, U7 americanus, U.
malayanus, U ursinus,

UNGULATA. Artiodactyla. Selenodonta, Bos dndicns, B. laurns.
Dpis musimon.
Capra lireus, C. doreas.
Clerrus poreinus,
Fangifer tarandus.
Gazella doreas,
Camelus dromedariuz, O, bocfrianus,

Llwma peruana.
Tragulus javanicus.
Bunodonta. Sus serafa (wild and domestic variety).
Hippopotamus amphibius.
Perissodactyla.  Equide. Equus eaballus, E. teniopus, Zebra
burchelli,
Tapiridz. Tapirus anericanus,
Bhinocerotida, Ehinoceros unicornis.
Proboscidzae. Elephas indicus, K. africants.
Hyracoids. Hyrax dorsalis, H. capensis.
SIRENIA and CETACEA.
RODENTIA. Myomorpha. Dipodidae. Dipus eeqyplins.
Alaetaya indica,
Geomyidize. Saccostonius campeséris.
Geomys amiricanus,
Muridz. Mus raftus, M. decusnanus.

Gerbillus pygarqus.
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RODENTIA. Myomorpha. Myoxidae. Myozus dryas, M. quercinus,
Acanthormys cakirinus,
Scinromorpha. Beiuride, Seiurus vulgaris, S. variegatus, 5.
Indoricianus,
Nerug selozus,
Avelomys marmofla,
Cynomys ludovicianus
Plevomys alborifus,
Pleramgidir, Seinraplerus velucella,
Sciurus palmarim,
Csloridr. Claslor conodensis,
Hystricomorpha,  Chinchillidee. Chinchilla lanigera,
Lagotomus frichodactylus,
Cavidze. {Cuvin porcinus.
.f.f_.lp'fmi‘.'u:'ru.t l'i!j"ybf“‘#!..
Crelogenys paea.
Oetodontidae. Myopotamus eoipu,
Dasyproctidae, Dusyprocle agondi,
11, azare.
I, islhumica,
Hystricida:. Sphinguras Fr{hensih's,
8. villosts,
Lagomorpha. Leporida. Lepus cunienlus,
Do, albing.
Lepus europous,
EDENTATA. Dasypodidae. Dasypus villosus.
Myrmecophagide.  Myrmecophaga jubala,
Brady podidze. Eradypuz fridactylus,
MARSUPIALIA. Diprut-l:bﬂoht-ia.. Phaﬁtﬂlamgidm. f'h:rm.n’ru.lrys searmbel,
Macropodide, Ih'mfrdugus.fmesm:.
Marcropus rufus, M. melanops
FPetragale penicillala,
Halmaturus brachyperus,
Huypsiprymnns rufescens
FPhalangistida:. Phalangiste vulgaris,
P fufr'_r,rfﬂaw:,
Belideus seivrus.
Prtanrns sovwrns,
FPolyprotodontia. Didelphidae. Didelphys virginiana.
Dasyuridze. Dasyurus wrsinns,
Peramelidz, Perameles lagotis.
P. ohesula,
MONOTREMATA. Echidna. Echidna hystriz,
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Considering that a linear arrangement of the various Mammalian Orders is unnatural,
but has of eourse to he ailnptﬁl] in hook-form, and stereometric arrangement hcing out
of the lﬂlbﬁﬁﬂth [ am able to draw attention to nnl}’ a few pnints-;,

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 oculi are another justification of the low
position assigned to this order by Hapckern and Gapow,  Almost as low, forming
ﬂwt'u]r}' a third mamm branch of the Placentalia, are some of the LTngu]ntn in the
wider sense, notably Hyrax, Elephas, and the Perissodaetyls, whilst the Artiodactyls
stand deeidedly higher. It is only surprising that the Bunodont group of the Artio-
dactyls also assumes a rather high position, lower of course than the Ruminants, but
ll{".ﬂilll‘““l}’ T i'l.{l.\'ﬂlfll'ﬂ."l] t]li‘lll tlllﬁ I-lﬁl'iﬂ.ql]l].ﬂﬂt}'lﬁ. rIW‘IIiH iH l}ﬁ}"hﬂl:lﬁ. I_E'SH E'l.n"’]}riﬂing
than it may appear at first sight, if we consider the fossil relations of the Perisso-
dactyls, like the Litopterna and Condylarthra, lead to very primitive eonditions.

The cases of disagreement are wonderfully few. They are restricted to the fol-
lowing :—

Chrysothrix leans towards the Arctopitheei, but since its dentition and eranial
characters are l.]iﬁi.i:m‘:ll_}* Piut}-'l"him-., the aberrant fundus must be due to a case of
convergence. | find it necessary to separate the Galagos from the rest of the Lemurs,
at least as a .k'.uh—iinn”}', but preferably as a ﬁumi'll.’,

In the troublesome grouping of the families of the smaller Carnivores it is advisable
to establish a separate family, viz., Cynictide, to include the otherwise Viverrine
genera Cynictis and Galietis, together with Mephitis, hitherto placed with the
Mustelidse.  The Seiuromorpha should he divided into Seiuridze and Pteromyidse, and
Castor should decidedly be removed into the Hystricomorpha group, perhaps into the
vicinity of the Octodontidee. The Chiroptera have already been discussed on page 13,
Part 1.  Among the Marsupials, the Diprotodontia are decidedly lower than the
|"nlylun‘mdunt];!_ rrh[i_-ﬁ:.r on account of the high |11~g1'ﬁ1 of nrh:*.rfr]uqmu_-.nt of the eyes of
the [Hdt’l]ll]iihi: and fhlﬁ_yul'[ﬂm; and this arrangement 15 :llliti: Ijllﬁliliuhle upon other
grounds, ¢f. the Phalangers and the Epanorthide, of which recently a living genus
has been discovered. 1t is VEry Pl'n]::ll:]e that the P'n::I}rplﬂtm]m]ti:i, and ],}iprutudnntiu
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-
GE-I'IIE:I], AESUIE 1.’-']'_.'5 h'l‘“‘ﬁl' |'ﬂ“k-

Since we meet with genera of the lowest type in several of the main groups ot
Mammals, ;1]:mg with others of the |1igheﬁt type of retinal vascularisation and a,gﬁ.in
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 Fundus oculi, an
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additional striking illustration of the working of progressive evolution, an example all
the more valuable since it illustrates the direct I|:|n[1il'_1.'ing effect of external factors
upon i most ﬂfllllljlil,‘:l.i{’l] organ, in the present case the subtle mfluence of light upon
the eye.

DeEscrIrTIoON OF THE PLATES.

N.B—In order that the colonred drawings shonld more closely resemble the appearances seen with the

ophthalmoscope, it is better to examine them in brilliant artificial light.

PLATE 1.

1. Fundus oculi (left eye) of a dark-haired Enghsh girl, wet. 20, The mottled
choroidal stroma can be indistinetly seen in the background.  Translucent fibres of
the ::|:H{.: nerve can be traced a short distance |n_-.:.'n|::1 the dise.  The ecireular maeula
area is sharply defined, and swrrounded by a reflex ring.  Reflexes which vary with
the direction of the entering light, and position of the observers eves, ean be traced
=t|t!T1g thL"- \'CESU]H.

2. Fundus oculi (left eye) of a Nubian youth, wt. 17. The fundus is of a chocolate
colour, and the reflexes are Very pron mineed, l:?(llzluliu:_,_,r over the whole central area.
The translucent nerve fibres can also be traced for a mueh greater distance beyond
the dise. The maeula is cireular and well defined, and swrrounded by a brilliant
reflex ring.  The choroidal vessels are quite invisible,

PLATE 2,

1. Fundus oculi (left eye) of a Chimpanzee. The resemblance between this
drawing and that of the Nubian youth is most striking. Beyond the facts that there
18 less differentiation of ecolour between the retinal arteries and veins, and that the
vessels branch out somewhat straighter, no differences can be detected.

2. Fundus oculi (left eve) of the White-handed Gibbon. The nerve-filwe 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
obseured by the reflexes. On all sides bifurcating choroidal vessels radiate from
the vieinity of the dise, and can be traced to the periphery of the field.

PLATE 3.

1. Fundus ceuli (left eye) of a Macaque.  The background is without dots, and the
choroidal vessels are arranged as in the Gibbon, only they are much fewer in number.
The macula 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 mterrupted. The macula is peculiar, being very
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large and surrounded by a prismatic reflex ring, vellow inside, and bluish-green
externally.  This peculiarity is also observed in the Chrysothrix.

PLATE 4.

I. Fundus oculi (left eye) of a Black-headed Spider-monkey. Though this is a
New World |||n||1-.',1-3.' its eye ::Lu_v.cl:r resembles that of the M.-mmiue, thm'ittg that the
eye does not admit of any |]|11||n11|m:-:1 demareation between the eatarhine and
platyrhine Simize,

2. Fundus oenl {:'ight eye) of the Lemurine Douroucouli.  The maeula is present,
bt the macula ring has disappeared. The whole background is covered with dots,
as in the ease of the Lemurs, to which this fundus bears a elose rvesemblance, were it

not for the presence of a macila and a jli:tk ilise,

PLATE 5.

1. Fundus oeunli (right eye) of the Common Lemur. The macula, as in all animals
below the true monkeys, is entirely wanting ; but its apparent position is indicated
h}' lll':! i!}ﬂﬂ‘-"ﬂﬁ EHF tl]t" Iﬂl'gﬁ |'Et-i"1'|.] \"EHSUIH il.["] q'l.“ ﬂ]l”!"ﬂil]ﬂt "n-'l.'!ﬁﬁf’lﬁ OvVer a Cthri{l.ill
area.  The dise, as in all Lemurs, is chalky-white.

2. Fundus oculi of MoxTEIRO'S Galago. We have evidently here already a tapetum
lneidum and a tapetum nigrum, similar to those common to the earnivora. The
background resembles burnished gold, and can only be feebly imitated in the drawing.
If a brilliant light be focussed on it by means of a large lens, it will give a better
idea of the original.  The golden background is strewn over at regular intervals with
Htﬁ““t& tll}i.‘;. T':M.' t].lﬂﬂ i-h'- I].H.I'k gl'l'!}', :IIIE“'”H&I]E"E_: }l].ﬁl!‘!":. Thl: l!rltil‘l! I-.H:H'EI}IIE""J’ I}F tllﬂ
fundus is eovered with a dense network of pigment.

PLATE 6.

1. Fundus oculi of the Australian Fruit-bat. The entire fundus is uniform in colour
and appearance, and very primitive.  The eolour 1s light terra-cotta, uniformly eovered
with large round dark dots, which viewed with the ophthalmoscope might be taken
for deep pits.  The dise is eireular and greyish-white. There are no vessels of any
kind visible, except a single minute eapillary in the centre of the dise.

2. Fundus oculiof a Common Hedgehog.  The background is uniformly light grey.
The dise 1s small, cireular, and Iftuk, From this two sets of vessels lm:-c-eml, ‘u-'ix., o
peripheral set, which emerge from its edge in the form of five branches of minute
capillary threads, and a central set, consisting of five large retinal vessels, which
radiate to the periphery like the arms of a Starfish. There are no choroidal vessels
visible, nor ean the arteries be in any way {|is-;tirnguis-;!w.:i from the veins.
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PLATE 7.

1. Fundus veuli of the Common Seal.  The background is of a brilliant pale yellow
colour, sprinkled with minute green dots.  The dise is pale brownish: red, strrounded
]J:\' a green horder.  About a dozen thin vessels curl over its n'ull'gilh and radiate to
the i_H_‘.I'il]lI!E"I':g.'. There is no distinetion between arteries and veins.

2. Fundus oculi of the Serval. The three zones common to Jw.'n'l}' all the Fissipedia
are seen.  The mnermost zone {:l;'.l:upim-: 1':::1121,{||1}' the third of the area of the cirele.
It 1s the avea of best vision, and lies around the visual axis. 1t is light gold in
colonr and of extreme brillianey. This golden layer is completely surrounded by an
emerald-green layer of variable width, and this again by a dense brown-purple layer,
which extends on all sides beyond the periphery of the field to the Ora Serrata.
This last IJI}'I:I' 15 l}l‘{r]mh]_}' insensitive to tht,

PLATE 8.

I. Fundus oculi of the Common Genetta, The golden central layer is situated
much higher up than in the last animal.  The intermediatefgreen layer is very thin,
and the ]_IE‘I'iII]'Ll_‘!l'FII 15::,‘{,“‘ dark red in eolour.

2. Fundus occuli of Levamraxt’s Cynietis.  The fundus is uniform in colour,
possessing no differentiated zones, a peculiarity which distinguishes the Cynictis and
the Suricate from all other Carnivora. The dise 1s he hl‘i.'a‘.l':lif:l]b’ oval and of abnormal
size, It is I:::ﬁ-‘t'l'l.'ﬂ with a l}iglllentt-'l] reticulum,

PLATE 9.

. Fundus oenli of the Hil'illf.'il H}‘u.'nzt. The central golden zone is high up above
the dise, as is seen in all species of Hywnas, and the pale green zone is very hroad,
The peripheral zone is delicate mauve in eolour.

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

PLATE 10.

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

2. Fundus oculi of the Canadian Skunk. A most remarkable fundus. 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.

I! :
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PLATE 11.

I. Fundus oculi of the Racoon.  The pale golden-yellow zone is mottled and covered
with green dots, while the green zone has a number of rice-shaped yellow spots seattered
over the field.  The peripheral zone is partly mauve and partly brown in eolour,

2. Fundus oculi of a Black Bear. The resemblance to that of the Racoon is very
striking.  The yellow zone is absent, and the peripheral zone has no mauve or purple
fringe, but lln[ﬁrl'mly brown, resembling that seen in the outer part of the pi}l'il}hvl‘ill
zone of the Racoon. The irigtuunt has a Cl‘}'ﬂf':'l”il'l'l.‘ appearance and is IIEILIEI]}',
resembling conrse sugar strewn over the fundus.

PLATE 12.

I. Fundus oculi of the Indian Ox.  The fundus is characteristic of nearly all
Ruminants. The disc is horizontally oval and very large, with a central circular
depression.  The main trunks consist of one large pair (artery and vein) whieh runs
straight up from the dise giving off horizontal branches from time to time, and
numerous lateral and descending trunks, which ramify over the dark peripheral zone.
|,I'|_]H'E. :'I.IH"F"I."{" tll.ll" I:].;Hﬂ. -'I'I'II:]. i'?{ll'Tllli]]g ill il II{I]';'..-"..{'IHt-i-II IMEANIEr o1 f_‘itllﬂl' ['idll!l;_'.'.. iS n Iosg-
coloured band, nearly free from large vessels. It is |}r{}|1:1h|}' the seat of acute
Vision.

2. Fundus oculi of the Hog Deer.  The disc is remarkable, apparently consisting of
three separate dises fused together. From the centre of each of these © dises ™ an
arterial trunk proceeds, accompanied by its vein. The semi-opaque nerve fibres are
very prominent and coarse, otherwise it resembles the fundus of the Ruminants,

PLATE 13.

Fundus oculi of the Baetrian Camel. The fundus is uniformly choeolate-red in
colour, the lower portion appearing paler, owing to the innumerable radiating nerve
fibres. The dise is white, cireular, and covered with a network of pigment. The
main trunk ascends, intertwining with its vein, and gives off oblique and horizontal
branches.

PLATE 14

1. Fundus oeuli of the Java Chevrotain. The surface of the disec i1s entirely
masked with dense moss-like pigment, and is surrounded by a green border. The
retinal vessels are so muech in front of the choroidal background that they cast
distinet shadows on it.

2. Fundus oculi of a Wild Boar. The veins and arteries are of immense calibre,
and indistinguishable from one another in colour. The fundus is of a uniform slaty-
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I:ink colour without any ]:u.'l'ilr]t{:l':iJ zone,  Semi-translucent nerve filves radiate in
all direetions from the dise. None of the Suidie possess a tapetum lneidom.

PLATE 15.

1. Fundus oculi of the Indian Rhinoceros.  The funduos is mottled and of 2 anifirm
brown colonr. The dise s ch.;l”{}'-“'l]]ll_‘:. No retinal or choroidal vessels are visible
anywhere. It is a type of a very primitive fundus.

2 Fundus oculi of Burecaent's Zebea. The size and appearance of the dise and
the retinal vessels are identical with those mm the horse, but the sensitive area of
vision is different, consisting of a coarse golden network, the spaces being filled
up with pale green. The peripheral area is dense, mottled with light and dack
patches of purple.

PLATE 16.

1. Fundus ceuli of the American Tzl]iir. Besides the I‘:ll']\]mnt this 18 the n||l_'r
Ungulate which possesses a yellow or golden fundus.  The peripheral zone is veddish-
orange. The disc 1s white, and the retinal vessels are reduced to a few capillavies
which extend aeross the dise.

2. Fundus oeuli of the Afriean I':.]v}fh:lni_, The fundus is of a uniform ]mh- astraw-
}"."“ﬂ“' ﬂ”]ﬂl”', EI.II{]. lb(l'\'l:‘l't“l] \'i'iil] A i'll'l.l'l'l.l‘!JIHI'! Ilullilll"l.' ':'II- IH’f‘-llI]HI' [I'I'i':'_‘::llllu'l.l' o I]l"lll
brownish rod-like patches.  The dise is large, cireular, and grey, like a grev atrophied
dise iIn man. . The retinal vessels are limited to six or seven minute vessels, which
spread a short way beyond the margin of the dise.  There is no peripheral zone.

PLATE 17.

1. Fundus of the Dorsal Hyrax. Although the eolour of the fundus is different
from that of the Elephant, nevertheless it presents many points of resemblance.
H”tull I]:l\l{ﬁ il “Ili'ﬁil'lll ]chk“_:l'“'lltul \\‘itl"ll]t Hll:.' IH"I'EI}I]I_‘!]'}II AU, l:‘{l'l.'f"!"'ﬁ‘il 'l'l-‘i.tll }]E‘L‘.llli?i-!'l"ﬁ'
shaped patches. Both have a circular grey disc, and a very primitive vaseular
supply. |

2. Fundus oculi of the Indian Alactaya. The vascular supply, as in most of the
IIiH].It'-I' I';“dﬂniﬁ, iH \'l"]'}" E'Hllllﬂl:!f{:.‘. Tht" tra !'lHllili:EIIt nerve HIH"I."H e ['l:lllHI Piﬂlh M, “llﬂ.l.
the dise imperfectly defined. From its centre is a pigmented body, which projects
mto the vitreous, and from its summit a white fibrous cord passes to the lens.

PLATE 18.

1. Fundus oculi of the British Black Bat. The fundus iz unifiu'lnh' grey 1t colonr.,
The veins are much larger than the arteries, and both radiate from the centre of the
dise like the arms of a Starfish. The main arterial trunks alternate with the veins.
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2. Fundus oculi of the Common Hl!ltirn!]. The dise is of an enormous size for so
small an eye.  This is, with few exceptions, the case in all the Squirrels. Tt is
|l|m‘.r:1 well above the axis of vision. The retinal vessels are |Jt'ight searlet, and
vemarkable for their size and pumber, and there is no distinetion between arteries

and veins.
PLATE 19,

Fundus of the Red and White Flying Squirrel.  The central avea is of a brilliant
golden-yellow, covered over with stellate dots.  The eirenlar and radiform distribu-
tion of the vessels found in the Fj'illg Hijllil‘l‘i*h-: and the Palm ﬂqnil'l'u] distinguishes
them from the other Squirrels and Marmots.

PLATE 20.

1. Fundus oculi of the Canadian Beaver.

2. Fundus oculi of the Chinchilla.  The fundus in each of these animals is almost
identical, except that the former has a peculiar conical Iu'm;ﬁ:mnm: pr::ﬁuutillg from
the centre of the dise (see Plate 28).

PLATE 21.

I. Fundus oculi of the Guinea-pig. The choroid is covered with a peculiar con-
centric mottling. The disc is white, irregular in outline, and has also a central
conical protuberance. (See Plate 20, fig. 1, and Plate 28.)

2. Fundus oculi of the Central Ameriean Agouti. The disc is remarkable, as a
vaseular and |ﬁ;’|‘mrnl;m1 "Iluctv:t " 18 seen In'ut.rul'lin;_; into the vitreous from its centre,
A similar peeten, though varying in detail, was seen in all the species of Agouti
examined.

PLATE 22,

1. Fundus oculi of the Brazilian Porcupine. The fundus is most primitive, as is
found the ease in most animals whieh are specially protected from injury by nature.
No peripheral area, and no trace of retinal vessels, exist. (Cf. Plate 15, fig. 1, and
Plate 23, fig. 1.)

2. Fundus oculi of the common Silver-grey Rabbit. The dise together with its
dense brush-like opague nerve fibres are placed well above the area of best vision,
which lies in a horizontal plane intersecting the optic axis. The retinal vessels
also lie out of the way of vision, being placed in the centre of the nerve fibre
bundles.

PLATE 23.

I. Fundus ceuli of the Hairy Armadillo. A very primitive dise closely resembling

that of the Porcupine.
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2, Fundus oculi of the Wombat. The chocolate background is eovered with
i]]ltrrrnptt't] varicose choroidal vessels, The dise is pinkish-white, and covered with
a cu]:ilim'\' network of vessels ]II‘EI(‘!I"E_'{[‘III:._[ fronn the eentral artery of the retina. No

other retinal vessels ave present.
PLATE 24.

1. Fundus oculi of the Rufous Rat-kangavoo. The stroma of the choroid is of a
mottled brown colour, eovered everywhere with radiating choroidal vessels of
uniform ealibre, which anastomose in festoon-like fibres around the dise.  The dise
is vellowish-white in colour, and a peculiar basket-like vaseular prominence derived
from the arteria centralis passes into the vitreous. (See Plate 26, fig. 1.)

2. Fundus oenli of the Squirrel-like Phalanger.,  The fundus is reddish-orange,
covered with a ttl.uttlin;_-; of red |r:ltu1||m¢; the dise 1s }'['”ﬁ".\'iﬁl]-“'l!Illl‘. jml't|.1.' obseured

I]-",' il i!:llri“iil]'}' Ill"','lll'i.lll'k ll-i:I 'l.'E'ﬁ."'-il."].H. rI‘IIIE"I'i.' i‘i (NLN] iii'l'i[l] Il"I'HI Ale,

PLATE 25.

Fu

1. Fundus oculi of the Virginian Oppossum. It is remarkable for possessing a
golden central zone, which is surrounded by a peripheral zone densely pigmented.
[t- il}.‘“] I]I]HHFHHE'H il gl'l'!:l..' {Iiﬁﬂ illl{l ‘Vl!ll-ill!\"']'}l]l“{ I'{‘li]]:ll \'E'.“L‘il"lﬂ.

2. Fundus oeuli of the Tasmanian Devil.  The fundus is of a deep Indian red
colour faintly mottled with pigment. The dise is greyish-white, and the retinal
'r""ﬁ-.‘i’l’lﬁ are IIlllIiL"t'HllH il.ll{! I-'I.l'g:", HI,"]'I'Ii.“illH![Il“" Iilll"l".‘q a1 IH"{"HI_"H'. LR T Hl‘t .'I'l"'lf!llnll.l."lll}'-

ill;_f; the main :'LHRL'II{“H:'}: trunks for some digtance.

PLATE 26.

1. Fundus oeuli of the RBabbit-eared Perameles. The arrangement of the nerve
ﬁ]J].":'ﬁ iﬁ l'iﬂl'l'llillg]}' G“I'iﬂuﬂ, l'l‘Hi‘llll}]ii]_;: H “'l]ill" ilﬁtl’l'. III.I|I]l.! .I'il.“'lﬂ'i are not HE""Ii‘E'.t'E“!H'
lucent as in most animals, but semi-opague ; although not to sueh a degree as in the
case of the Rabbit and Hare. The arteria centralis retinme terminates in a basket-
like anastomosis of fine vessels, and resembles that seen in the Chameleon, exeept
that the former is destitute of pigment cells or granules.

2, Fundus oculi of the Fchidna. The background and the dise resemble that
of many of the day-feeding birds, but the dise differs from all birds in being entirvely
destitute of a pecten. The whole eye is l.".‘\.'il"l’.llll"]}‘ j:rituilix'{' in structure.

PLATE 27. (See P o 54.)

Four drawings of the human Fundus Oculi to illustrate the three main forms of
the persistent Hyaloid Artery.
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Fig. 1. The hyaloid artery is seen as a white cord arising by a broad base eovering
'Iif' f‘llt;l't' [!iﬁl‘. ElII{I Vel I]I'l]_iﬂl'}'l.i]]:._" lllf‘}'(l]]l]. 1t ill tllfll‘: form {'I'r ﬁnﬁ ﬁbrﬂus
filaments. The distal portion s spht up mto three cords, which could be
seen in contact with the lens eapsule.  {Drawn from life.) X 10 diam.

oo 2. A similar ease, avising from the centre of the dise and projeeting to the lens as

|

-t
B

[

i :\:.ingh- cord.  (Drawn from hife by the author.)

Fig. 3. The hyaloid artery free from blood is seen arising by a hollow trumpet-shaped
tube from the dise, the tube passing forwards towards the dise to end in a
tin}r f_1'11tt1|:i,-t.-:-:]mpﬁi mouth atlixed to the lens {!:l]:ﬁulf'._ and known as the
Campanula Halleri. In this drawing it is lying free in the vitreous.
{{_Iu]]iu:l from a drawing 1:}' NeHORL, in Norris and OLIVER's 'S}'Stem of
Diseases of the Eye,’ vol. 3, p. 422.)

Fig. 4. The hyaloid artery is in the form of a sausage-shaped eweecal vessel arising
from the main trunk of the Arteria centralis retinme. It was filled with
blood, and pulsated with the trunk vessel. Its closed end projected into the
vitreous.  (Drawn from life by the author.)

PLATE 28. (See pp. 24 to 54, passim.)

Iustrating the primitive and retrograde forms of the Pecten and Hyaloid Artery
U-Et:llrl'i;]g in the Mammalia,

Fig. 1. The persistent hyaline artery in the Reindeer.
It is found as a white cord reaching from the dise to the lens, to the
capsule of which it is attached by one or more fine threads.

Fi

IS
"‘H.l

. A similar cord seen many of the Rodents.

In this case it ended in a small button or hollow cone (Campanula
Hallert).

Fig. 3. The arteries braneh out from the main trunk, forming a series of arches above
the dise. From the top of this a ]rignli—ent{-:l] process pl‘njﬁr:ts into the
vitreous, and is continued to the lens as a fine cord (Jerboa).

Fig. 4. A cireular depression occupying a third of the diameter of the dise. 1 found

it in all the Ehrphmit.‘; examined,

Fig. 5. A similar depression, but much shallower ; repeatedly found in Bos,

I.i‘i.!_:_:. G, Jlll.ll Uﬁt"?\'l’"llﬁ‘ll "ﬂ.']:litl.’- I:Il'”m"HH Eil'iHEllf__l‘r ﬁ"ﬂ“l tl'll.'-' IHEIE" t:l'“]'lk ';IIII]. I]E“Et]'ati“g
into the vitreous (Ovis musimon ).

Ii‘ig- i A ‘:'_:'“H“"”‘lllg “'!'Ii-t.'_" ﬁl]‘l'ﬂ“H l“'f“}f’ﬁﬁ ﬂ."iﬂi"g ﬁ'ﬂl" il IH'{““I IHIH[' ﬁ'ﬂ]“ 1.hl_.'- l}lﬂ(}dl[-"sﬂ

dise (Pteropus).

Fig, 8. A white stunted process of fibrous tissue ;u'].'-ﬁug from the base of a Ilil. in the
centre of the dise of Castor.

Fig. 9. A long stiff fibrous process ending in a club-shaped knob arising from several
similar roots attached to the |||.'u'_s_;1u of a deep llit- {ﬁeilll'u.*; ]:zllmnrum}.
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Fig. 10, A Imintmi fibrous Process zil'iﬂ.ing from the main trunk {Gerbnlius),

Fig. 11. A deeply pigmented black process penetrating the vitreous and arising from
the centre of a slightly-elevated eushion covered by innumerable fine blood
vessels whieh cover the dise (Macropus rufus).

This and the remaining illustrations represent various degrees of develop-
ment of the vest 5gi:1| pecten.

Figs. 12, 13, and 14. Similar cushions covered with fine vessels,

I"ig, 15. A basketwork of vessels arising from a depression in the centre of the dise,
and partly ecovering one side of 1t {(.'-ul]}u}_

Fig. 16. A coarse vaseular basketwork avising from the central artery. Numerous
arterial twigs ramify over the dise (Hypsiprymnus rufescens).

Fig. 17. A similar network (Perameles lagotis).

Figs. 18, 19, and 20. Protuberances containing all the elements of a true pecten, viz.,
large pigment cells, pigment granules, basement membrane, and a network
of blood-vessels (Agouti),

Fig. 20 shows a pecten formation closely resembling that of the Apteryx.

Fig. 21. A true pecten, but without plications (Apteryx Mantelli).

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

T_}-'pesg of the j'lLl;rpetul:lgt-H to the Iris ur-.:':urring m the l_-'ngulnh*h. to llustrate the
successive stages from the Corpus nigrum seen in the Equidwe, to the functionally
active Umbraculum which exists in the Hyrax.

The drawi ngs are all taken from life, and the natural size.

Fig. 1. The Corpus migrum. A simple hypertrophy of the under or pigment layer of
the ivis. It is most developed along the upper edge of the pupil (Equus
caballus).

Fig. 2. A Corpus nigrum, similar in strueture, but much thicker and larger (Equus
teniopus).

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
filires.

Fig. 4. A similar contrivance, only more |5ig]|]y differentiated. The iris itself |]I'i\:i{:‘l‘_‘:t:{
over the pupil, and is beautifully marked with stripes in the Wild Goat
(Capra doreas).

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

Figs. 7 and 8 (Hyrax). The most highly developed of all iritic appendages. forming a
highly eontractile strueture, which I have named the * Umbraculumn.” sinee it
shields the eye from glave. Tt arises 2 millims. from the free edge of the iris
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by numerous elastie (musenlar ?) fibres, which radiate out like a fan to be
inserted mmto a narrow band of fibres which run round the free margin of
the umbraculum,  On either side of its origin is a horizontal slit. These
vary in size as the nmbraculum lengthens or shortens. Tt 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 as to nearly meet the lower border
of the iris, or inclined so as to touch the posterior surface of the cornea (see
P 27).

PLATE 30.

Diagram showing the Divergence of the Optie Axes, referred to in Part IL,
Chapter VL., p. 60.
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Types of the Appendages to the Iris occurring in the Ungulates, illustrating the successive stages
from the Corpus nigrum of the Equidie to the functionally active Umbraculum in the Hyrax.
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Hyrax Dorsalis
Fig, 8

| Fig. 5

Drawn from life.

Hyrax Capensis
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Diagram showing the divergence of the optical axes in the Mammalia

The Natural Orders are represented onthe lefthand quadrant.the Families. Genera and Species on the right
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