
CHAPTER XII

THE EYES OF AMPHIBIANS

One of the most interesting figures associated with the study of the eyes

of Vertebrates was ANDRE-jEAN-FRANgois rochon-duvigneaud (1863-1952)

(Fig. 395). Born in the Dordogne, he studied medicine in the Faculte de Bordeaux
and in 1889 became an interne des Hopitaux de Paris at the Hotel Dieu and a

Chef de Clinic in 1895. A cUnician and operator of repute, he contributed a

number of excellent papers to ophthalmic literature, but he was always interested

in anatomy. His doctorate thesis (1892) was on the anatomy of the angle of

the anterior chamber and the canal of Schlemm—a historic paper. His anatomical

researches on the human eye led him to study the eyes of animals and from 1916

onwards numerous papers on this subject full of painstaking and careful observa-

tions of unusual originality and exactitude appeared from his pen. A study of

these papers reveals even to the casual reader the delight it must have given

him to produce them, and it is not surjarising that he retired from clinical jaractice

in 1926 and devoted all his time, working in a small laboratory at his home, to

the study of the eyes of x'arious species and spending much energy in observing

the habitsof animals in all the parts of France. His numerous papers on compara-

tive anatomy were collected together in his classical textbook, Les Yeux et la

Vision des Vertebres (1943), and earned him a well-deserved international

reputation. Nor was he withovit honour in his own country, having been elected

to the Academie de Medecine in France in 1940. At his death it was truly

written :
" Homme droit, desinteresse, serviable, c'est un grand savant modeste

qui disparait."

AMPHIBIA {ayi(f)[^iov, double life) mark the transition from aquatic to

terrestrial life. The early forms found in upper Devonian strata and

probably, as we have seen,^ sprung from the lobe-finned Crossoptery-

gians, are extinct. In Carboniferous times- these reached their prime

and some species attained a gigantic size ; today relatively few types

are extant and these, usually small in size and sluggish in habit,

generally live near the water's edge. The main features wherein they

differ from fishes are determined by their life on land—the disappear-

ance of the gills in adult life, the development of lungs (with a three-

chambered heart) from the air-bladder, the transformation of the

lobed fins into chgital limbs, the (usual) loss of the scaly exoskeleton,

the adaptation of the ear to aerial vibrations and of the eye to aerial

vision.

The surviving members of this once populous class are divided into three

orders :

1. APODA (d, without ; ttov?, ttoSos, afoot) (or Gymnophiona, yu^vo?, naked;

ocfiLoveos, serpent-like), a peculiar archaic worm-like type without limbs and of

burrowing habit, are found in the mud-banks of tropical countries. They are

1 p. 235. 2 p 754
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Fig. 395.

—

Andre-Jean-Feancois Rochon-Duvigneaud (1863-1952)
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Caecilian

represented by the c^cilians {ccecus, blind) and a number of related species

in all of which the eyes are degenerate ; they will therefore be discussed

subsequently.^

2. URODELA (ovpd, tail ; StjAo?, visible) (or caudata, cauda, a tail), tailed

Amphibians, typified in the salamanders and the newts, are generally divided

into 7 families. Of these several are cavernicolous in habit, having little use

for eyes ; these are therefore often degenerate and are discussed at a later stage

{Proteus, etc.).^ Others, such as the newts {Triturus), Ambystoma, and the

terrestrial salamanders, have relatively simple but well-formed eyes.

3. ANURA (d, privative ; ovpd, tail) or tail-less Amphibians, consisting of

nearly 1,000 different types including the common frog (Kana), the toad (Bufo),

the tree-frog (Hyla), the obstetric toad (Alytes), the Surinam toad (Pipa),

the African clawed toad (Xenoptis) and some other species, have well-developed

eyes.

The general characteristics of the amphibian eye as seen in the

last two orders are as follows :

The transition from water to air and the consequent lack of the

necessity for streamlining the globe, allow it to assume a spherical shape.

Moreover, the difference in refractivity between the air and the cornea

allows this structure to assume a 7iew role in the dioptrics of the eye ; it

therefore becomes highly arched and its optical properties are good. The
lens can therefore fall backwards from the cornea ; it still, however,

remains large and is moved as a whole, thus retaining an accommodative

mechanism somewhat resembling although 7iot analogous with that seen in

fishes.

The visual elements are complex and relatively gross—two types of

rods and single arid double cones rerniniscent of those occurring in

Holosteans and Dipnoans.

To protect and moisten the cornea, lids are provided, together with a

harderian gland and a naso-lacrimal duct.

THE ANURAN EYE

THE EYE OF THE FROG [Rana) has probably received more
detailed study than that of any Vertebrate other than man (Figs.

397-8).^ The globe is almost spherical, the cornea and the sclera main-

taining the same curvature. The latter, after metamorphosis from the

tadpole stage, develops on its inner aspect a cup of hyaline cartilage,

thickest at the posterior pole and extending anteriorly to beyond the

insertions of the rectus nmscles ; it is pierced by the foramen for the

optic nerve as well as by small canals which allow the passage of the

ciliary vessels and nerves (Caso, 1931 ; Yamasaki, 1952). In some
tree-frogs (Hylidse) the scleral cartilage is discontinuous or lacking

;

1 p. 730. 2 p. 728.
^ Dating from the description of Petit (1737) and Soemmerring (1818). See Gaupp

(19C •), Tretjakoff (1906), Walls (1942), Rochon-Duvigneaud (1943). For development,
see r: -riep (1906), Studnicka (1913), Jokl (1918-20).



AMPHIBIANS 335

and in one species it is replaced anteriorly by a ring of bone {Hypo-

pachus incrassatus). The cornea in the larval stage has the duplex form

of many fishes, with the dermal ^^ortion separate from the scleral
;

fusion, however, takes place in the adult so that the fully metamor-

phosed structure has the tyj)ical vertebrate characteristics of a regu-

larly-layered epithelium, a homogeneously stratified substantia propria

and Descemet's membrane with its tenuous endothelium.

The uvecd tract is well developed (Fig. 399). The choroid consists

essentially of a choriocapillaris external to which the heavily pigmented

tissue is divided into two strata separated by a layer of large veins,

traversed by broad pigmented bands running obliquely (the vascular

layer of Gaupp, 1904) ; there is no true argentea or tapetum, but a

Fig. 396.—The Frog, Ba.\a.

The disc-sliapcd patch behind and below the eye marks the position

of the ear.

certain degree of " eye-shine " is contributed by cells containing a

carotenoid yellow pigment and others with crystals of guanine.

The ciliari/ body is well-formed and triangular in shape. On the

internal aspect the double laj-er of epithelium is plicated into numerous

meridional ciliary folds rmmmg anteriorly to the back of the iris and

from these the fibres of the zonule take origin (Teulieres and Beauvieux,

1931). Dorsally and ventrally these folds are hypertrojellied, two or

three neighbouring folds dorsally, a single fold ventrally, and in most

species are continued to the pupillary margin where they thicken to

form the dorsal and ventral pupillary nodules : their function may be

to keejD the iris away from the lens and thus to allow the aqueous

humour to flow backwards when the lens is drawTi forwards in accom-

modation (v. Hess, 1912). The mass of the triangular ciliary body is

occupied by a meshwork of vascularized pigmented tissue ; and from

the scleral aspect of the triangle in the dorsal and ventral regions a

ciliary muscle (or tensor choroidese) forms two crescentic slips of
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Fig. 397.

—

Diagram of an Anuran Ete.

Ch, choroid ; MV, nieinbrana vasculosa retinae ; ON, optic nerve
;

PL, protractor lentis muscle ; PN, pupillary nodule ; S, scleral cartilage
;

Sc, sclera ; TC, tensor choroidese ; V, hyaloid vein ; VS, ciliary venous
sinus ; Z, zonule.

Fig. 3'JS.—[Section through the Head of the Frog to show Both
Eyes ( x 20) (Norman Ashton).

meridional smooth fibres running backwards to be inserted into the

choroid. This muscle is discontinuous and is absent in the lateral

segments of the globe. In the same two regions a ciliary venous sinus,

reminiscent of a canal of Schlemm, forms two discontinuous crescents,

a dorsal and a ventral, situated between the sclera and the ciliary

body, connecting the veins of the iris with the subconjunctival veins

(Tretjakoff, f906). Also in the same two regions there are two pro-

tractor lentis muscles (Tretjakoff, 1906) of mesodermal origin

supplied by a branch of the 3rd nerve. Each, the dorsal and the

ventral, arises from the corneal margin, enters the ciliary triangle and
is inserted into the hypertroplued ciliary processes. These by traction

on th 'lular fibres 23ull the lens forward in accommodation, approxi-

mating is structure to the cornea as in Selachians (Figs. 400-1).
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The iris is thin and dehcate (Plate III). Both retinal layers are

i:)igmented and an ectodermal sphincter and dilatator of myo-epithelial

cells are present (Grynfeltt, 1906 ; Tretjakoff, 1900). The stroma is

thickly packed with melanophores as well as with cells containing yel-

low, brown and copper-coloured carotenoid pigments often associated

with a metallic sheen due to the presence of guanine crystals. As a

result the iris is usually In'illiantl}' coloured, as if dusted with a golden or

bronze powder so that it simulates the lustrous appearance of old gold

or Chmese lacquer ^ (Millot, 1923 : Mami, 1931). It is often coloured

similarly to the skin of ^^'hich at first glance it appears to be an integral

part. An almost constant feature is a vertical stripe often associated

with a groove running do\\7iwards from the lower pupillary margin to

•^v*^V* p

Fig. 399.

—

The Ocular Coats of Ra\a.

Showing the rods and cones, r ; the pigmentary epitheUum, p ; the

choroid, c. divided into two strata ; the scleral cartilage, s ; and the sclera, sc

( X 200) (Xorman Ashton).

the periphery of the iris where it ends, presumably a relic of the ftetal

cleft (Johnson, 1927 ; Mann. 1931 ).2 The A^essels of the iris are

arranged in the same general ^Aan as those of Fishes : several superficial

arteries run irregularly and circumferentially on the surface taking a

tortuous course tow^ards the pupil and draining into vems which run

in a radial course but lie at a deeper level and are thus usually hidden

by the heavy pigmentation (Mann, 1929-31) (Plate III ; Fig. 402). In

the primitive clawed-toad, Xenojnis, all the vessels are obscured by

pigment.

1 Some of the colours seen are brilliant and c^uite beautiful—gold and brown spots

on chocolate in the ecHble frog, Rana escidenta ; red and green dots in the American
bull-frog. R. catesbiana ; a chocolate stri^De across a gold and browni backgroimd in the

Malayan bull-frog, Kaloula puJchra
;
gold speckled in russet in the tree-frog. Hyla, as

also in the giant toad. Bufo marinus ; gold and brown in the common toad, Bufo bufo ;

a brilliant metallic green in the gi-een toad, B. viridis
; green and silver with a horizontal

stripe of brown in the S. American toad, B. arenarum ; and so on.

- Such a pigmeiated furrow or ridge, sometimes associated with a pupillary notch

is seen in certain teleostean Fishes (herring, trout, minnow, orfe. cod, carp. etc.). rarely

in Reptiles (the Bengal monitor, Varcmus bengalensis, and Igucnin titherrulald), and
never in Urodeles.

S.O.—VOL. I.
"-

Xenopus
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Fig. 400.

—

The Ciliary Region of the Frog, i?.i.v.^ ( X 126) (Norman
Ashton).

Fig. 401.

—

The Ciliary Region of the Frog, Rasa.

A I'adial section through the inferior part of the eye. c, cornea ; cp, ciliary

process ; cz, cihary zone ; ha, hyaloid artery penetrating the region of the
foetal iissure

; pi, protractor lentis muscle ; tc, tensor choroidese ; vs, ciliary

venoi' inus ; sc, sclera ; z, region of zonular attachment (Rochon-Duvigneaud,
Les J • et la Vision des Verfebres, Masson et Cie, Paris).
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».*

Fig. 402.

—

The Iris of the Frog, Ra.\a.

Sliowing a large superficial artery ( x 500) (Xorman Ashton).

The pKpil is nsuall}- circular in dilatation but on contraction takes

on varied shapes, sometimes round {Pipa). usually horizontally oval

(Rana), occasionally forming a vertical lozenge-shaped slit (the spade-

foot toad. Scapliiopus. Plirynomeriis, Ah/fes. Hykt. etc.) (Boulenger,

1890 ; Johnson, 1927 ; Mann, 1931 ; and others) (Fig. 4U3). Otlier

irregular shapes occur, such as the lieart-shaped jDupi^l of the fire-bellied

toad, BoDibinatcr, the diamond-shaj^ed j^ujiil of the large-fingered frog,

Ra7ia halecina, the semicircular j^upil witli the flat side uppermost of

the bull-frog, B. caiesbiana . or the pear-shaped pupil of Pelobafes (Figs.

403 and 404). The jDupils retain some of the autonomous activity

characteristic of Fishes, contracting on the direct stimulation of light,

and for tliis purpose the sphincter is lieavily pigmented so that its

Figs. 403 and 404.

—

Aniran Pupils.

00 )(?)(?
Fig. 403.—The typical pupils of various Amphibians in the contracted state

(right eye) ; when dilated all are circular, (a) The Javanese flying frog,

Polypedates reinwardti ; (b) Trachycephalus ; (c) the obstetric frog,

Alytes obsfetncans
;

(d) Hyla vasta ; (e) the fire-bellied toad, Bombinator
;

(f) Pelohntes fuf!cus.

Bomhinator
in warning
attitude

Fig. 404. -The dilated (a) and contracted (b) pupil of the green tree frog,

Hyla ccpndra.
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myo-epithelial cells will absorb a considerable amount of light-energy
;

indeed, contraction occurs in the excised eye (Brown-Sequard, 1859
;

Steinach, 1890 ; Magnus, 1899 ; Guth, 1901), the effect being most
marked in the blue region of the spectrum (Weale, 1956, in Rana
temporaria but not in Xenopus). Ordinarily, however, this action is

masked by the nervous reflex action which originates from retinal

activity.

Amphibians are the first among Vertebrates wherein the movements of the

pupil are mediated by a neural mechanism, but although their pupils are more
actively motile than those of Fishes, their movements remain sluggish for the

sphincter muscle is still comparatively weak. Thus the oval pupil of the common
frog requires the stimulus of an increase of light -intensity of 200 times to induce

a contraction to ^ of its size from full dilatation.

The le7is in the tadpole, like that of Fishes, is spherical and
approximates the cornea ; in the adult frog it moves posteriorly

leaving a deep anterior chamber and becoming somewhat, flattened in

an antero-posterior direction (axial : equatorial diameter, 1: 1-3, Rabl,

1898) (Fig. 398). The large nucleus is dense and the periphery soft

and elastic, the internal structure and the epithelium conforming to

the usual vertebrate plan with a vertical suture anteriorly and a short

horizontal suture in the posterior part, as in selachian fishes (Fig. 314).

The blood supply to the eye has several points of interest and has

been studied by H. Virchow (1881), Tretjakoflf (1906), Grynfeltt (1907),

and Kutsukaka (1952). It is derived from the ophthalmic artery, a

branch of the internal carotid. From this artery two posterior ciliary

branches are given off which enter the eye posteriorly just above the

disc and diverge to run forwards in the choroid on its nasal and temporal

sides to supply the choriocapillaris. From this layer blood is gathered

into the central venous plexus of Gaupp, the flat vessels of wliich run

in a general vertical direction in the midst of the choroid ; these

converge to leave the globe—dorsally as two veins which imite to form

the superior bulbar vein, ventrally as a single vein which enters the

jugular vein. After giving off the ciliary branches the main trunk of

the ophthalmic artery enters the globe on its under aspect in the region

of the foetal fissure and runs forward to the ciliary region ; here, at

the mid-ventral pomt, it sends off two branches which rim circum-

ferentially round the ciliary body as an arterial circle. From this the

superficial arteries of the iris emerge ; the corresponding veins lie

more deeply and drain partly into the venous plexus of the ciliary

body and thence to the choroidal veins, partly through the two
crescentic segments of the ciliary venous sinus into the subconjunctival

veins. After it has given off the ciliary arterial circle, the ophthalmic

arter lirns backwards on itself as a " hyaloid artery " and almost

immc: ly divides into two branches, a nasal and temporal, wliich
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form an incomplete ring romid the circumference of the ora ; thence

branches run posteriorly to form a membrana vasculosa retina
lying in the vitreous on the surface of the retina, a form of vasculariza-

tion analogous to that seen in many Fishes i (Plate III ; Figs. 405-6)

(Hyrtl, 1801 : Cuignet, 1860 : Hirschberg, 1882). The capillaries of

this system form a close net at the posterior jDole but are few in the peri-

phery and are associated Avith the veins rather than the arteries. They
are collected by three large venous trunks, a ventral, a nasal and a tem-
poral, and combine to form a hyaloid vein which eventually leaves the

globe alongside the entering artery and drains into the ophthalmic vein.

It is interesting that the arteries of the anterior segment are plentifully

Fig. 405.

—

Injected Membrana Vasculosa Retinae of an Adult Frog.

There is a capillary-free zone around the artery (A) ( X 161) (I. C. Michaelson).

provided with pad-like valves (Grynfeltt, 1907) while in the hyaloid

vessels of the vascular membrane of the retina contractile cells are

unusually prominent (Rouget, 1873 ; Mayer, 1902) ; it is possible,

therefore, that there may be a switch-mechanism from one circulation

to the other as illumination and activity vary.

Ophthalmoscopically the retina of the frog appears as a somewhat
mottled slatey-grey background over which the semi-opacpie nerve

fibres radiate in immense numbers uniformly from the oj^tic disc to

the periphery in Rana, for a relatively short distance in Bufo and
HyJa ; in these latter the remainder of the fundus is covered with

orange or golden sago-like grains. In the Pvanida? and Bufonidse the

optic disc is long and narrow, resembling in its appearance a white

caterpillar lying vertically ; in the Hylidse it is circular ; sometimes it

is covered by a dark grey or even black pigment (the giant toad, Bufo
1 p. -im.

Bufo

Hyla
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marinus). The most prominent feature in the fundus is the vessels of

the vascular membrane. These stand out clearly, and in the main

vessels the large nucleated erythrocytes characteristic of Amphibians

can be seen clearly as brilliantly-lit points racing along after each other.

The arteries are thinner than the veins and lie over them ; the veins

are gathered into a large vena media which stands out in conspicuous

relief as it courses vertically downwards over or near the optic disc to

disappear in the ventral area of the fundus (Cuignet, 1866 ; Hirschberg,

1882 ; Johnson, 1927) (Plate III).

The pigment epithelium of the retina is possessed of long processes

dipping down among the visual elements.

The visual retina is avascular and has the usual vertebrate

architecture, the layers being of average thickness (Figs. 406-7). The
visual cells, however, are of unusual interest and have received much
study (Figs. 408-9).^ They are commonly of four types, all of them large

and coarse in structure : violet and green rods, single cones and double

visual elements, while triple visual elements have been described. The
violet (or red) rod, which contains rhodopsin, is unusually plump, the

outer segment unusually large and the nucleus in contact with the

external limiting membrane, a level generally occupied by the nuclei of

cones. The green rod (of Schwalbe) is found only in Amphibians among
which, however, it is widely distributed (Denton and Pirenne, 1952) ;

it has a smaller outer segment lacking rhodopsin, a long slim stalk, and

its nucleus lies at a deeper level in the inner part of the outer nuclear

layer ; in structure it therefore occupies an intermediate position

between a cone and an ordinary (red) rod (Walls, 1942). The single

cones resemble those of the Holosteans and Dipnoi, and in diurnal

types {Rana) they possess a yellow oil-droplet in the upper part of the

ellipsoid, a structure first described by H. Miiller (1861) and Babuchin

(1863-64). Double visual elements commonly occur, usually said to

Rana \)q " double cones " but perhaps representing the fusion of a rod and

cone (Saxen, 1954-56) ; in these the oil -droplets are confined to the

main member of the pair. Triple cones, only two members of which

bear oil-droplets, have been described by Saxen (1953) in the retina

of Rana temporaria, a formation suggesting that these and the double

cones result from a fusion of elements rather than from a process of cell-

division. There is a vague area centralis which has probably more

resolving power than the remainder of the retina (Krause, 1875) ; it

1 H. Miiller, 1857 ; Hulke, 1864 ; Schultze, 1866 ; Steinlin, 1868 ; Dobrowolsky,
1871 ; Landolt, 1871 ; Schwalbe, 1874-87 ; Krause, 1875-92 ; Hoffmann, 1876-77 ;

Boll, 1877 ; Kuhne, 1878 ; Dogiel, 1888 ; Cajal, 1893 ; Greeff, 1899 ; Gaupp, 1904 ;

Kolmer, 1904 ; Hesse, 1904 ; Garten, 1907 ; Hess, 1910 ; Arey, 1916 ; Majima,
1925 ; Noble, 1931 ; Rozemeyer and Stolte, 1930 ; Police, 1932 ; Detwiler, 1943 ;

Khau-van-Kien, 1954 ; and many others. For iiltramicroscopic structure, see Sherman,
1' "1

: for localization of mitochondria, see Carasso, 1954 ; for histochemistry, see

V- locki and Sidman, 1954 ; for development, see Saxen, 1954-56.



PLATE III

The Eyes of Axukans

Fk;. 1.—The fundus ot the frog. Barm leinpornria.

Fig. 2.

—

The iris of the giant toad, Biifo Niarunis Fig. 3.—The iris of the common frog, Bana
(blood flow shoA\-n by arrows) (Ida Mann). teniporariu (Ida Mami).

Fig. 4.—The ui.s ot ih .\laiayan tree-frog. Fig. 5.—The iris ui Whites tree-frog, Hyla
Bhacophorus leiicninijstax (Ida Mann). coenilea (Ida Mann).

S.O.—VOL. I [To face p. 342.
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Figs. 406 and 407.—The Anuran Retina.

343

• ^ -* -»• ••

Fig. 406.—The retina of Rana temporaria.

Note the vessels of the membrana vasculosa retinae lying on the inner surface

of the retina (above) ( x 320) (Norman Ashton).

-2- --^^s*^ - y^W^-'^T^'

%.
'"

4

W^''

Fig. 407.—The retina of Xenopiis hevis ( X 450) (Katharine Tansley).

(1) optic nerve fibre layer ; (2) ganglion cells
; (3) inner plexiform layer

(4) inner nuclear layer ; (5) outer plexiform layer ; (6) outer nuclear layer

(7) visual cells
; (8) pigmentary epithelium ; (9) choroid.
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assumes varying shajDes—a crescent above the optic disc in Rana, a

circle around it in Hyla and Bufo, a linear band in B. esculenta, and so

on (Hulke, 1864 ; Chievitz, 1891 ; Slonaker, 1897 ; von Hess, 1910).

The 02)fic nerve is thin and cylindrical with connective tissue septa

Figs. 408 and 409.

—

The Visual Cells of Anurans.

Fig. 408.—The dark-adapted common
rod (on the left) and the green
(Schwalbe's) rod of the leopard frog,

Rana pipiens (on the right)

(Gordon Walls).

e, ellipsoid
; /, foot-piece ; I, ext.

limiliiig membrane ; m, myoid ; n,

nucleus ; o, outer segment.

Fig. 401).—.Single, double and triple

cones from the eye of the tadpole of

Rana temporaria (aged 26 days).

There is an achromatic oil-droplet in

the single cone, in the chief member of

the double cone, and not in the acces-

sory member of the triple cone. In the
double cones the accessory member
has an extensive paraboloid and a
rod-shaped outer segment. In the
triple cone there are 3 components,
2 similar in all respects to the chief

component of the double cone, the

third similar to the accessory element
of the double cone (L. Saxen).

(Studnicka, 1898), while the chiasnia shows a total decussation

frequently in the form of large fascicula? interdigitating with one

another (J. Miiller, 1826 ; Leuckart, 1876 ; Gross, 1903).

The OCULAR ADNEXA are very different from those of Fishes, for

in the f;; ln.lt a complicated protective and lubricating system is necessary

to proi ' an eye exposed to air ; lids are thus absent in the larvae of
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Amf)liibians, all of which are aquatic, and in those adult frogs which
do not leave tlie water. In the majority, however, which live their adult

life on land, a short njaper and lo\A'er lid develop during metamorphosis
(Maggiore, 1912) ; the upper lid is immobile, but associated with the

lower an elastic translucent fold forms n false nictitating meinbrane, the

free border of which is usually spotted with a brilliant bronze pigment
(green in some Hylidae, as Hyla coerulea). Normally the lid lies as a

Z-shaped fold in the loAver fornix and its thickened upper border is

continued as a cord which runs around the posterior part of the eyeball

slinging itself around the retractor bulbi muscle (Fig. 410) : when this

muscle contracts the eye is pulled into the orbit and the tug on the

cord draws the membrane upwards over the cornea completely covering

it. The membrane is thus entirely passive in its action and. forming

part of the lower lid itself, differs funda-

mentally from the pseudo-nictitating mem-
brane seen in some Teleosteans and also from

the true nictitating membrane of the higher

Vertebrates. Lubrication is effected by a

development of glands in the margin of the

upper lid ; those on the nasal side hyper-

trophy to form the massive harderian gland ^

, 7 ,' . -Ill -1 'tUi. 410. ]MrSCUL.\TUKE OF
which occupies a considerable sjjace m the the Nictitating MEM-
nasal half of the orbit, while those on the ^^-^^e of the Frog.

temporal side become the precursor of the R-'etmctor bulbi muscle
;

^ ^ \, tendon oi nictitatuig
lacrimal gland ; two puncta aj^pear on the membrane on the temporal

free border of the lo\\er lid, the canaliculi side of the posterior aspect
OI the globe (after Pranz).

uniting into a subcutaneous naso-laerimal

duct running horizontally into the middle fossa of the nose.

Ocular movements, apart from retraction, are negligible. The
usual extra-ocular muscles, however, are present with, in adchtion. a

jDowerful EETRACTOR BULBI MT7SCLE innervated by the Vltli nerve and
probably derived from the external rectus, and a second muscle behind

the eye, the levator bulbi, derived from the jaw-musculature and
supplied by the Vth nerve. If the eye is touched, retraction of the

globe is effected by the retractor muscle which at the same time pulls

the nictitating membrane over the cornea ; thereafter the levator

bulbi pulls the globe forAvard again and the membrane of the lower lid

falls back into its normal folded j^osition. This movement of retraction,

however, is possibly as useful as an aid to swallowing food as a protec-

tive device : the partition between the orbit and the mouth is merely

a thin membranous sheet and when the eyeball is jiulled into the head

^ In most Vertebrates the lids are lubricated by a row of compound glands which
are frequently best developed temporally and nasally ; those on the temporal side

develop into the l.^crimal glands .secreting tears, tliose on the nasal side into the
GLAND OF HARDER {Actci eruditorum pub., Lij^siae, 1694) with a sebaceous oily secretion.
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Ambystoma

it bulges downwards into the roof of the month, thus forcing food down
the throat.

The anuran orbit is large and membranous with considerable gaps

in its walls and without an interorbital septum or any division between

the two cavities. As we have seen, the orbital cavity opens directly

into the pharynx.

THE URODELAN EYE

MANY OF THE TAILED AMPHIBIANS, witli their cavcrnicolous and

secretive habits, have reduced or degenerate eyes ^
; even those types

which are visually active, such as the salamanders and newts {Sala-

niandra, Triturus) and Axolotl (the larva of the salamander, Amhy-
stonia tigrinum), have eyes which are smaller and simpler than those of

Anurans although designed on the general amphibian plan (see Okajima,

1909 ; Rochon-Duvigneaud, 1943). The main differences are the

Fig. 411.

—

The Head of the Newt, Triturus.

Fig. 412.

—

The Axolotl, larva of Ambystoma tigrjxum (Zool. Soc,
London).

1 p. 726.





PLATE IV

The Eyes of Urodeles

Fig. 1.—The iris of the Californian newt, Triturus torosus (Ida Mann).

Fiu. '1.—Tlie I'uiulus oi tinlamandra maculosa
(Lindsay Johnson).

To fun- p. :J47 S.O.— VOI, I
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fibrous sclera without cartilage (except for anterior cartilaginous plaques

in Triton, and the small fragmented cartilage in Hynohius—Stadtmiiller,

1914-29 ; Tsusaki, 1925 ; Inagaki, 1930 ; Yatabe, 1931), the com-

paratively large size of the lens as would be expected in creatures

favouring dimly-lit surroundings, the comparatively shallow anterior

chamber, the thicker and less highly organized choroid separated from

the sclera by large serous spaces, the lack of ciliary folds on the inner

surface of the ciliary body and iris with the exception of a single mid-

ventral ciliary process, the lack of a dorsal protractor lentis muscle in

the place of which the suspensory ligament is strengthened locally as in

Fishes, the lack of pupillary nodules, of the primitive and discontinuous

ciliary venous sinuses, and of an area centralis in the retina. Accom-

modation is thus effected through a ventral protractor lentis muscle after

the manner seen in selachian fishes, by a forward pendular movement

of the lens rather than its forward displacement as a whole (Beer, 1898).

The vascular supply to the anterior segment is similar in its general

plan to that of the Anurans, but curiously the vascular arrangements

in the iris partake of a more definite pattern (Plate IV) ; as in the frog,

the arteries are superficial but instead of entering at various apparently

haphazard positions around the circumference as in this animal, they

are represented in the salamander by two trunks, an inferior and a

temporal artery of the iris, an arrangement anticipating that seen

typically in Reptiles such as the lizard (Plate V) (Mann, 1929).

Sometimes the inferior artery of the iris is a branch of the temporal

and does not enter separately. The arteries break up irregularly round

the pupil and the blood is drained away by a few radial veins lying

in a deeper plane so that they are often obscured by pigment. In

newts {Triturus, Pleurodeles) the artery breaks up into some 6 branches

which encircle the pupil and drain aA\'ay on the nasal side (Mann, 1931).

In tailed Amphibians the pupil is usuall}^ round and the iris may
be brilliantly pigmented—dark brown with faint metallic flecks in the

spotted salamander {Salamandra maculosa), horizontal green and brown

banding in the Californian newt {Triturus torosus), sage-green with

peripheral horizontal bands of metallic gold in the Japanese newt

{Trititriis 2)l/rrhogaster), and so on (Mami. 1931) (Plate IV, Fig. 1).

The fundus in salamanders is uniformly the same throughout, of

a pinkish hue with a granular texture in the middle of which the

circular grey optic disc is set (Plate IV, Fig. 2). The retina is

avascular and there is no membrana vasculosa retinae as in Anurans

(Virchow, 1881) {Salamandra, H\Ttl, 1861 ; Triton, Kessler, 1877).

The visual elements tend to be sparser and larger than in the frog,

but are generally of the same morphological types except for the

absence of oil-droplets in the cones (Fig, 413-5), and the occasional

lack of green rods (in Salamandra).

Triturus cristatus

(male)

Triturus cristatus

(female)
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^**^ieoM<i:^«3*5MM^ii^^
Fio. 413.

—

The Retina of the Newt, Triturus.

1, optic nerve fibres ; 2, ganglion cells ; 3, inner plexiform layer
;

4, inner nuclear layer ; 5, outer plexiform layer ; 6, outer nuclear layer,

consisting of large elongated nuclei ; 7, external limiting membrane
;

8, visual cells ; 9, pigment ( X 253) (Katharine Tansley).

Fig. 414.—A Double Cone in
THE Xewt (Azan ; X 792)
(Katharine Tansley).

Fig. 41.').

—

The Visu.4.l Cells of the
AXOLOTL, Ambystoma tigbinvm.

A single cone, a double cone (compare
Fig. 414). a common rod and a green

(Schwalbe's) rod ( x 1,000) (Gordon Walls).
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Movable eyelids are found only in tlie Urodeles which have

adopted terrestrial life ; in aquatic forms the lids have receded to

immovable ridges or low folds, while in subterranean species the eyes

are completely covered by the skin.^ It is interesting that in terrestrial

salamanders the lacrimal glands are distributed along the lower lids

(Piersol, 1887 ; Maggiore, 1912 ; Engelhardt, 1924).

The limicoline types f)f the Urodela which hve in mud, such as tlie North
American genera, Cryptobranchus, Amphluma, Necturus and Siren, have relatively

Mega lohatrach ?<.s

Amphiuma

J 0.

cv

rl'

u^'

Fig. 416.

—

The Eye of MEdALOBAiRAcuua maximum.

A section of the ill-formed eye of this Urodele. C, cornea ; Ch, choroid ;

CO, optic canal ; H, skin ; K, the enormously lai'ge scleral cartilage with
its dense core, P; O, o[iti(' nerve ; R, retina ; S. fihrous tissue of sclera

{after Lauber).

crude and ill-developed eyes which seem incapable of elaborate optical imagery.

In the related Japanese giant salamander, ]\Iegalobatrachns maximus, found also

in China and Tibet—incidentally the largest extant Ami:)hibian, 5 feet in length

—the monstrously hypertrophied scleral cartilage occupies more space than the

remainder of the eye ; indeed, this cartilage is the most massive seen among the

Vertebrates and occupies two-thirds of the section of the globe (Lauber, 1902
;

Reese. 1905 ; Yano, 1926-28 ; Aoyama, 1928 ; Stadtmilller, 1929) (Fig. 416).

In this salamander also, as in some other Japanese types, the cornea is vascu-

larized (Tawara, 1933: Kurose, 1956). The visual elements are similarly sparse Necturus

1-2G.
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and crude. The violet rods of the mvid-puppy, Necturus, for example, are enor-

mous, two and a half times the thickness of the corresponding structures in the

frog and the largest known in the vertebrate phyhim. The optic nerve fibres are

relatively few, one ganglion cell subserving more visual elements than in the frog

(Burkhardt, 1931). Thus there are, according to Palmer's (1912) heroic counting,

only 962 nerve fibres subserving the 53,000 rods, 42,000 single cones and 15,000

double cones in the retina.
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