
CHAPTER XIV

THE EYES OF BIRDS

A chapter on the anatomy of the eyes of birds at once suggests the name of

CASEY ALBERT WOOD (1856-1942) (Fig. 482). Born of American parents in

Canada, he graduated in medicine in Montreal in 1877, becoming one of the

clinical clerks of the great physician. Osier, at ^McGill. After practising for some
time in Montreal, he continued his studies in England and Europe, and in 1890

settled in Chicago where he occupied the Chair of Ophthalmology initially at

the Northwestern University and eventually at the University of Illinois. He was
successively president of the American Academy of Medicine and the American
Academy of Ophthalmology, and a founder member of the Ainerican College

of Surgeons. A man of extraordinarily wide interests and more than usual

erudition, he is particularly remembered for his prolific writings, the most
impressive of which is his editorship of the American Encyclopedia and Dictionary

of Ophthcdmology of 18 volumes, to which he contributed largely. He was also

editor-in-chief of the Anncds of Ophtlialmology (1894-1901), the Ophthcdmic

Record (1902-8) and the American Journal of Ophthalmology (1908-14). His
knowledge of the history of ophthalmology was most extensive, a subject on
which he wrote an interesting manvial ; he also made scholarly translations of

ancient works, studying for this purj^ose in the Vatican Library at Rome, and
wrote a delightful book on his researches. The comparative anatomy of the eye

interested him greatly, and within this sphere his ])assion for ornithology

earned for him a world-wide reputation ; in its pursuit he travelled widely to

countries as far apart as British Guiana and the Far East to study the eyes of

rare birds. These observations were collected in his classical book. The Fundus
Oculi of Birds (Chicago, 1917), while his extraordinary erudition and pains-

taking thoroughness in literary research is nowhere better illustrated than in

his elaborate and exhaustive Introduction to the Literature of Vertebrate Zoology

(Oxon., 1931). A true scholar with an unusual and contagious enthusiasm, he

was also one of the inost delightful and gracious of men.

BIRDS, descendants of primitiv-e Reptiles probably through the Dinosaiu's,^

are essentially adapted for the air for which purpose their forelegs are modified

as wings. The extant species are divided into two main classes :

(a) PAL.^coGNATH.E (or eatit^e), a relatively sinall class of running birds

with degenerate wings and a flat breast -bone (the ostriches in Africa [Struthio)

and America {Rhea), the emu {Dromoeus) and the cassowaries (Casuarius) in

Australia, the tinamous of Central and South America and the kiwi {Apteryx)

in New Zealand, Fig. 484) ;

(b) neogxath.^ (or carixat.e), flying birds with well-developed wings and
a keeled breast -bone, comprising the vast majority of birds of over 11,000 living

species (Figs. 483, 485). The penguins (Impennes), however, have taken to the

water and do not flv at all ; thev have hair-like feathers, a whale-like blubber

Emu

1 p. 234. Tinainou
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Fig. 482.—Casey Albert Wood (1856-1942)
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Figs. 483 to 4SH.

—

Typical I'^.x-ampii's ok TJikd

Fig. 483.—The Barbaiy turtle dove,
Streptopelia roseogrisea (Zool. Soc,
London).

Fig. 484.—The kiwi, AjAeryx (Burton's Story of
Anhnal Lije, Elsevier Pub. Co.).

Fig. 485. liilean eagle, Geranoaetus (photo-

!)y Michael Soley).

Fig. 486.—The ringed penguin (Zool.

Soc., London).



BIRDS 399

for lieat -insula! ion and their eyes, highly myopic on land, are entirely adapted
for aquatic vision (Fig. 486).^

Among the Vertebrates, Birds share with Mammals the distinction

of having attained the liighest degree of speeiaHzation, being inferior

to them only in cerebral organization. With their intense activity and
highly developed emotional life, it would be expected that the

visual organs of the former would be very efficient ; this is indeed

the case and, in fact, the eyes of Birds are supreme amongst all

Figs. 487 to 491.

—

The Eyes of Typical Birds.

Fig. 487.-^The falcon. Fig. 488.—The ow

Fig. 489.—The parrot. Fig. 490.—The ostrich. Fig. 491.^The swan.

Some of Soeininerriiig's heautiful eiigra\'ings. Xatural size, showing the
inferior half of a horizontal section of the left eye in eacli case.

1 Other water-hirds have eyes suited for aerial vision and have adopted devices
for adaptation to acjuatic vision, such as an exceptional range of accommodation
(cormorant), a highly refractile nictitating membrane (ducks) or the use of a temporal
fovea with a hypermetropic refraction (kingfishers) ; others have not done so and act
blindly under water (tern) (compare p. 6.14).
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Figs. 492 and 493.—The Avian Eye.

Fig. 492.—Diagram of the eye of a bird.

A, annular pad ; BM, Briicke's muscle ; CC, ciliary cleft ; Ch, choroid
MC, muscle of Crampton ; ON, optic nerve ; P, pecten ; 8, scleral cartilage

Sc, sclera ; SO, scleral ossicles ; TL, tenacular ligament.

Fig. 493.—The eye of the domestic chicken (Norman Ashton).
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living creatures. This somewhat sweeping statement apphes to all

birds with remarkably few exceptions, such as the shy, nocturnal

kiwi, Apteryx, the eye of w'hich, a small myopic organ, is the poorest

among birds, for the dominant sense is smell rather than vision—

a

unique j)henomenon in this class. Interestingly, its nostrils are placed

near the tip instead of the base of its long, exploring beak (Fig. 484).

Built on the same general plan as the eyes of their ancestors, the

Reptiles, the eyes of Birds are remarkably standardized throughout

the entire class, showing few variations among themselves. The
general features of the avian eye are as follow^s :

The large size of the eye ^ and its flattened, globular or tubular shajie

with a nasal eccentricity of the cornea and lens to assist binocular vision.

The deep concavity in the ciliary region to maintain which the sclera

is supported by scleral ossicles, the non-spherical shajic of the globe being

further supported by a posterior cartilaginous cup.

The presence of muscular elements in the choroid, ectodermal striated

muscles in the iris, and a complex and tvell-developed ciliary musculature

which bulges the lens forwards in accommodation.

A lens ivith a well-defined annular pad.

An elaborate vascularized glial j)ccten supiilementing the choroid in

supp>lying nourishment to the retina.

A thick ayid remarkably icell-formed retina with precise layering and

quite unusually dense pachiyig of the visual elements, duplex in type with

rods and single and double cones containing oil-droplets, and p>rovided

with one or sometimes two fovece.

THE GLOBE OF THE AViAX EYE with few exceptions is relatively

and absolutely large although, being entirely covered by the lids

apart from the relatively small cornea, its external appearance

gives the opposite impression (Fig. 494). The two ej'es of a bird,

however, often out^^'eigh the brain, and some hawks or owls, despite

their comparatively small size, have eyes larger than those of man. The

shape is peculiar and distinctive : the cornea is small and globular,

the posterior segment almost hemispherical with the horizontal

diameter often slightly greater than the vertical, but the intermediate

region between the tw'o varies (Figs. 488 and 490). This is the region

strengthened by the ring of scleral ossicles and its conformation

determines the shape of the eye (Figs. 487 to 491). Most commonly
it resembles a flat disc in which the cornea is set centrally while the

peripheral border joins with the hemispherical posterior segment of the

globe ; the result is a flat eye with a short antero -posterior axis, a

^ The general rule illaller's ratio, 1768) (p. 450) that the size of the eye is inversely

proportional to the .size of the body is here overshadowed by the complementary
generalization (Leuckart's ratio, 1876) that the size of the eye varies directly with
swiftness of movemeut.

S.O.—VOL. I. 26
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(i rouse

conformation characteristic of diurnal birds with narrow heads, such

as the Columbid?e (doves, pigeons) or the Galhformes (pheasants,

grouse, fowls, etc.). Alternatively, in diurnal birds with broader heads,

such as the Passeriformes (perching birds such as thrushes, sparrows,

swallows and the Corvida?—crow, raven, magpie, jay, etc.) and diurnal

birds of prey, such as the Falconiformes (eagle, hawk, falcon), the

Fig. 494.

—

The Head of the Owl, Stri.x alvco.

To show tlie enormous size of the eye in the orbit when the hds and
skin are removed (Barany et a1., Brit. J. Ophthal.).

Thiais

Raven

intermediate segment is cone-shaped, sloping backwards at a varying

angle to meet the posterior segment, giving the configuration of a

globular eye. In nocturnal birds of prey, on the other hand, the

intermediate segment runs directly backwards with a marked waist

-

like concavity before it I'uns outwards to meet the posterior segment

at a sharply angulated junction, producing a tubular eye as is seen

most tyjDically in the Strigidse (owls) ; in this case, of course, the

retina is comparatively much smaller. In each type in the interests

of easy binocular vision there is a considerable nasal asymmetry

whereby the lens and cornea are centred towards the mid-line, making

-lie intermediate segment shorter on the nasal than the temporal side.

The maintenance of this non-spherical shape demands skeletal

i- )ort (Figs. 495-98). The hemispherical posterior segment is therefore
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Fig. 49;").

—

The Ring of Scleral
Ossicles of the Right Eye of
THE Goshawk, Astch PALcvBARirs

d, dorsal ; r, ventral ; /;. nasal ;

t, temporal (after Franz).

Fig. 496.

—

The Cartilaginous Cup
IN THE Posterior Part of the
Globe of the Hawk.

strengthened by a firm cartilaginous cup which occupies the inner half

of the thick fibrous sclera, while the waist-like constriction is maintained

by a ring of imbricating scleral ossicles made up of membranous bones

overlapping the anterior edge of the cartilaginous cup (Figs. 495 and

497). These ossicles, described by Malpighi (1697) in the eye of the

eagle, vary in number from 10 to 18, the commonest being 15 (Dabelow,

1926-27), and while they are formed of compact bone in small eyes, in

large and particularly in tubular eyes they contain air-spaces as do

many of the bones of the bird's skeleton (Lemmrich, 1931) ; it is this

ring of bone w^hich essentially determines and maintains the configura-

tion of the intermediate segment and therefore of the entire eye.

Incorporated in the posterior cartilaginous cup a ring- or horse-shoe-shaped

bone may be found, the os opticus or ossicle of GEiiMiNGEK (1852) surrounding

the optic nerve-head in one or several pieces ; like the anterior scleral ossicles

it is highly cancellous in texture. Tiemeier (1950) found it present in 219 out of

Magjjie

Fig. 497.

—

The Ciliary Region of the Chicken.

Showing the imbricated scleral ossicles beneath ( X 84) (Norman Ashton).
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The cormorant
Phalucrocorar.

532 species without any apparent logical distribution ; no satisfactory theory

for its 2:)resence has been put forward.

Tlie cornea is usually small, tliin and liighly arched but becomes

large and prominently globular in predators, particularly those of

nocturnal habit ; in diving birds it is relatively flat and tliick. In

these a zone around the limbus becomes thickened and opaque, resem-

bling the sclera, while the scleral ossicles are particularly heavy to stiffen

the globe against the shock of immersion (as in the cormorant,

Phalacrocorax). In structure it conforms to the usual vertebrate plan.

The anterior chamber of certain owls {Strix (Syrnium) aluco) contains a

slimy, highly visc<ius, mucinovis substance of a mucopolysaccharide (hyaluronic

mm^

^y^yy^/ fi!^Lmmiwi.^a»,i ^mm v^,T\p^<m^^^

Fig. 498.

—

The Posteriok Segment of the Globe of the Chicken.

r, retina ; cJi. fhoroid ; s, scleral cartilage ; sc, sclei'a ( X 80) (Norman A.shton).

acid) nature ; it is most concentrated (or more highly polymerized) close to

the cornea ami is perhaps secreted by the corneal endothelium (Abelsdorff and
Wessely, 1909 ; Barany et al., 1957). It .should be noted that the anterior

chamber of the owl's eye is relatively enorinous and it may be that this material

allows the fluid in the anterior joart to remain almost stagnant to decrease

the turnover that would be necessary were the exceptionally large amount of

aqueous to be renewed at the average rate.

The uveal tract has several peculiarities. The choroid is tliick,

particularly posteriorly, often especially so in the region of the macular

area (Fig. 498). The lamina fusca lies directly on the scleral cartilage.

Immediately external to the choriocapillaris there lies a stratum of

feeding arteries, outside which is a thick layer of venous sinusoidal

spaces traversed by radial cords of smooth (the heron, Ardea) or

striated (the cross-bill, Loxia) muscle fibres and connective tissue of

ry variable distiibution. These muscular cords, originally described

Wittich n855), Pagenstecher (I860) and H. Midler (1861).
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and most fully studied by Kajikawa (1923), are most marked near the

fovea. It may be that they regulate the amount of blood in the

choroid which in Birds is particularly distensible, swelling remarkably,

for example, and becoming intensely engorged if the intra-ocular

pressure is suddenly lowered by paracentesis of the anterior chamber
(Abelsdorff and Wessely, 1909) ; others, again, consider that their

contraction adjusts the position of the fovea in accommodation, acting

after the manner of a fine adjustment of a microscope.

In the Picidffi (woodjoecker, Colaptes) the sinusoidal choroidal layer is

filled with mucoid tissue, as if to provide a cushion against the repeated mechanical
trauma of wood-pecking (Walls, 1942). Birds have no tapetum ; the " eye-

shine " seen in some species has been attributed to a reflex from Bruch's
membrane (ostrich, Struthio).

The vascular layer of the choroid is continued forwards into the

ciliary region without the intervention of an orbiculus, the whole zone

being occupied by the numerous elongated ciliary processes ; ventrally,

in the region of the fa?tal cleft, it is claimed that a particularly marked
CILIARY CLEFT between the processes allows communication between
the anterior and posterior chambers (Niissbaum. 1901 ; Hess, 1912

;

Ischreyt, 1914). The ciHary processes and their associated uveal tissue

angle sharply inwards to approach the lens, while the ciHary muscles

cling closely to the sclera, thus separating the two components of the

ciliary body and leaving a deep cleft-like space bet^^ een the two layers

traversed by the strands of the pectinate ligament (Fig. 499). The
ciliary musculature, which is made up of striated fibres, reseml)les that

of the lizard in its topography ^ (Fig. 500) ; both it and the muscles of

the iris are supplied by a complicated plexus of motor and sensory

nerves (Boeke, 1933). The meridional muscular bundle apj^ears to be

divided into two ; anteriorly the muscle of cramptox. a stout

muscular band, arises from the inner sm^face of the cornea at its

margin and is inserted into the sclera as it bitlges axially in the ciliary

region ; more posteriorly brucke's muscle, arising from the inner

aspect of the sheet of sclera which forms the anchorage of the pectinate

ligament, is inserted into the posterior portion of the ciliary body, an

insertion A\hich is prolonged to the sclera by the texacular ligament,

thus relieving the choroid of mechanical strain. Accommodation, as

in lizards, is mainly effected by the contraction of the meridional

musculature forcing the ciliary body against the lens so as to deform it,

tautening the fibres of the pectinate ligament meanwhile (Wychgram,
1913-14). Simultaneously the stout Crampton's muscle running from
the cornea to the sclera like a bow^-string, deforms the cornea and
shortens its radius of curvature, an action much more pronounced in

Birds than in lizards.

1 p. 3.57.

The ostrich

Struthio
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Fig. 499.

—

The Ciliary Kegion of the Goshawk, Astur palvmbariur.

B, Bi'ucke's muscle ; C, cornea ; CM, Ci'ampton's muscle ; CP, ciliary

processes; M, MuUer's muscle ; O—O, ring of ossicles ; P, ciliary process abut-
ting the lens capsule ; S, fibrous sclera ; ST, subconjunctival tissue ; T,
tenacular ligament ; V, ciliary venous sinus (after H. Miiller, 1857).

The cassowur;;

Casuarius

Fig. 500.

—

The Striated Fibres of Crampton's Muscle in the Chicken
( X 240) (Norman Ashton).

/

These muscles are of considerable interest and have received much study.

Crampton (1813) first described a muscle in this region in the ostrich, Struthio,

and the anterior segment of the ciliary musculature has been called eponymously
after him ; he termed it the depressor cornece. Thirty-three years later, Briicke

(1846) described a more posteriorly situated muscular zone in the eagle-owl.

Bubo orientalis, and the cassowary, Casuarms, calling it the tensor choroidece.

Sometimes this latter muscle is divided into two—an anterior portion {Muller''s

uiuscle) which was first described by this author (1856) in the hawk, Accipiter,

and a posterior, Brikke^s muscle. There is probably little functional difference

between these slips of muscles thus separated anatomically, nor is it easy to

''cide which is their fixed and which their mobile attachment ; connected as

y are by aponeurotic membranes, they probably form a single functional

-'em.





PLATE XI

The Irides of Birds

(Ida Mann)

xwrniCy***^

Fig. 1.—Jackdaw (albino), Coloslus monedula. Fig. 2.—Pigeon, Columba.

Fig. 3.—Duck. Dendrocygna.

m

Fig. 4.—Uock-ho]j -r penguin, Eudyptes FiG. 5.—Scops owl, Otus bakkanice.na.

cr :itliis.

A, zone of radial veins and deep circumferential arteries: B, sphincteric plexus;

G, avascular circumpupillary zone; D, diagrammatic section through iris. a, artery;

c, plexus ; v, vein.

t To face p. 407. so.—VOL. I
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There are only incidental differences between these muscles in the various

species of Birds. In diurnal predators they tend to amalgamate on the shortened
nasal side and sejtarate on the lengthened temporal side; in the swift, Micropiis,

the entire ring is symmetrical. In nocturnal predators Crampton's mviscle is

well -developed and Briicke's muscle is small and may be almost absent (most
owls, Strigidfe). Since deformation of the cornea is of no value in aquatic
vision, CramjDton's muscle is small in water-birds (as in diving ducks) or absent
(as in the cormorant, Phalacrocomx), while in compensation and to attain the
necessary accommodative range to change from aerial to aquatic vision, Briicke's

meridional muscle is massive in these types and may even be supplemented by
circular fibres as in the mviscle of Miiller in the human eye (cormorant

;
gamiet,

Sula hassana) (Ischreyt, 1914). A muscle homologous to the transversalis

muscle of lizards has been described in the pigeon (Zalmann, 1921).

The iris is remarkably thin at its cihary attachment where it is

reduced ahnost to the two ectodermal layers, tliickens towards its

mid -point and tliins again at the pupillary margin. The ectodermal

layers are both heavily pigmented and give rise to the striated sphincter

and dilatator muscles. These are extremely active and unusually

powerful, particularly the former which is richly vascularized ; it

braces the iris against the periphery of the lens thus assisting the

ciliary musculature in the moulding of this tissue in the act of

accommodation, at the same time confining the deformation to the

axial region. The sphincter is particularly well developed in some
amphibious birds (cormorant, Phalacrocorax ; shearwater, Puffinus ;

gannet, Sula ; and the sea-gulls, Laridse, etc.) ; in the cormorant,

for example, it is able to force the axial portion of the soft lens as a

conical protrusion through the pupillary aperture. The dilatator

fibres form a complete layer behind the sphincter, running into the

ciliary region, their unusually great development being perhaps due
to the probability that they also play a part in compressing the lens

on accommodation and provide a fixed anchorage for the sjjliincter

(Grynfeht, 1905 ; Hess, 1910 ; Zietzschmann, 1910 ; Wychgram,
1914 ; Zalmann. 1921 ; Welmer, 1923 ; Anelli, 1934). In colour the

iris is variegated. Most of the song-birds have a brown pigmentation

resembling the mammalian tyj)e ; but in other species brilliant

lipochrome pigments are common, particularly yellow, bright blue and
green, often giving the eye a bright colour-contrast with the rest of

the body (Balducci, 1905) (Plate XI, Figs. 1 to 5).

This advertising habit is carried a stage further in the I'eriivian guano
coi-morant, PhalacrGCorax hougainvillii, the eye of which, with its dun-brown iris,

is surrounded by a ring of naked skin coloured bright green. The colour of the

iris is yellow in most owls, the jaigeon, Columba, and the starling, Lamprocolius
chalybeus ; bright blue in the nocturnal oil-bird, Steatornis ; sky-blue and
chocolate in the yellow hang-nest, Cacicus cela ; green in the cormorant and the

duck, Dendrocygyui, and the flamingo, Phoenicopterns ruber ; white peripherally

and chocolate with white concentric lines in the pupillary part in the budgerigar,

The swift
Micropus

The gaiiiiet

Sula

The shearwater
Puffinus

The flamingo
Phanicopterus
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The pengiiin

Eudyptes

The house-sparrow
Passer domesticus

Melopsiffacus undulatus ; white in the jackdaw, Corvus, and the crane, Grus ;

and so on. In the rock-pigeon, Columba livia, it appears to be scarlet because of

the richness of the superficial blood-vessels. In the honey-buzzard, Pernis

apivorus, a layer of guanine-containing cells in the yellow iris makes the tissue

opaque to transmitted light and a brilliant white to reflected light. Sexual

differences occur in a few species ; thus the male breeding blackbird, Euphagus
cyanoce2)halus, has a yellow, the female a brown iris ; again, in the rock-hopper

pengviin, Eudyptes cristatus, the colour of both the iris and the beak varies from

red to yellow with the seasons (Mann, 1931 ; Lienhart, 1936 ; and others).

The pupil is always circular in Birds and very motile ; it responds

relatively poorly, however, to changes in light-intensity, but actively

to accommodation and, particularly in captive wild birds, so dramatic-

ally to emotional factors such as excitement or fear that it has been

claimed to be under voluntary control. In domesticated birds, on the

other hand, less alert and more placid on close examination, the

ordinary response to light becomes relatively more conspicuous. There

is sometimes an apparent consensual light reflex, slow in its onset and

irregular in its degree ; Levine (1955) suggested that the reaction was

due to light sliining through the head to stimulate the retina of the

other eye directly, and in birds such as the owl wherein the visual

axes are parallel, no such reaction can be seen.

The vascular pattern of the iris is typical of the Sauropsida and

conforms to the general plan seen in lizards (Mann, 1929-31) (Plate XI,

Figs. 1 and 5). Several arteries enter at the periphery, run in a deep

plane for some distance circumferentially and supply the rich capillary

plexus associated with the sphincter muscle ; thence radial veins run

superficially towards the periphery, sometimes raised up from the sur-

face of the iris in high relief, sometimes largely obscured by j)igment and

sometimes completely so (the falcon, Falco subbuteo, or the shearwater,

Puffitius). The sphincteric capillary plexus is usually prominent but

is variable in extent ; it may be so broad as to occupy almost the

entire surface of the iris (as in the oriental eagle-owl, Biibo orientalis,

or the rock-hopjDer penguin, Ei(di/2^tes crisfafvs, or the pigeon, Columba)

or may be reduced to a minimum so that the surface is largely occupied

by the radial veins (as in the duck, Dendrocygna)

.

At the angle of the anterior chamber the circumferential ciliary

venous sinus forms a complex system lying in connective tissue close

to the inner surface of the sclera, sometimes separated from it by the

anterior end of Crampton's muscle. Two annular vessels encircle the

eye associated with at least one large artery and sometimes with two

(in the sparrow. Passer domesticus), and draining into the subcon-

iiMK'tival veins. Only occasionally, as in the kestrel, Falco tinnunculus,

^ the bull-finch, Pyrrhula, is the circle incomplete (Lauber, 1931).

The lens usually has a relatively flat anterior surface in diurnal

ij
, almost plane in some species such as parrots (Psittaciformes),
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but more spherical, although never completely so, in nocturnal and
aquatic types (Figs. 501-3). It is always soft and readily deformed

;

apart from its capsule it has no consistency (Rabl, 1898), and according

to Kajikawa (1923), the soft mouldability is retained all through life

into old age. In some aquatic species, particularly the cormorant, it

comj)ares in softness only with the lens of turtles. The system of

sutures is simple, comprising a single line in some species, a star-shape

Figs. 501 to 503.

—

The Lenses of Birds.

Fig. 501.—The pigeon. Fig. 502.—The owl. Fig. 503.—The bullfinch.

Note the relatively flat anterior surface (to the right in each ca.se).

in others. The annular pad is usually well formed, sometimes enor-

mous in diurnal predators with a high degree of accommodation, as in

the hawk, wherein it occupies half the area of a cross-section of the

lens (Fig. 504), smaller in nocturnal species (Fig. 505), still smaller in

aquatic forms wherein the sphincter of the iris rather than the ciliary

muscle is especially active in accommodation (as in the Anseriformes

such as ducks, geese, swans, etc. ; the Ciconiiformes, such as herons,

storks, spoonbills; and the cormorant), and very small indeed or even

vestigial in running birds (Palaeognathae, particularly the kiwi,

Ajyteryx) ; in the Australian goose, Cereojisis, a terrestrial bird which

hardly ever leaves the ground, the pad is practically non-existent.

Figs. 504 and 505.

—

The Lenses and Annular Pads of Birds.

Fig. 504.—The lens of a diurnal predator
(a hawk). Showing a very large annular
pad.

Fig. 505.—The lens of a nocturnal bird
(an owl). Showing a small annular
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The goat-sucker
Caprimulrjus

The bald eagle

Haliaetus

The pelican

Pelecanus

The zonular fibres arise over a wide area from and between the ciliary

processes (Teulieres and Beauvieux, 1931).

Between the annvilar pad and the main body of the lens a small vesicle

filled with albuminovis fluid remains as a remnant of the embryonic lens vesicle

-—the CAVUM LENTicuLi of Franz (1934). To some extent this may be an artefact

of preparation, but it probably aids the process of deformation when the lens

is squeezed by the ciliary processes.

Ophthalmoscopically, the fundus oculi of Birds presents a remark-

ably constant picture which has been extensively studied and

beautifully illustrated in a unique volume by Casey Wood (1917). The

background of the fundus is usually fairly uniform and almost invari-

ably besprinkled with pigmented dots of yellow or brown. Its colour

varies from grey or a slate-colour to orange and red. In general, the

fundi of diurnal birds are characterized by a grey or light brown

background (such as the bluebird, Sialia) (Plate XII, Fig. 3) ; that of

nocturnal birds tends to be yellow, orange or reddish (such as the kiwi,

Apteryx, the tawny owl, Strix aluco, the European night-jar or goat-

sucker, Caprimulgus europceus) (Plate XII, Figs. 1, 2, 4) ; a multi-

coloured background is more rare (buff and dull red in the American

ostrich, Rhea; dark reddish-brown and grey in the bald eagle, Haliaetus

leucocephalus). Frequently choroidal vessels may be seen shining

through, an appearance usually confined to a small segment of the

fundus in its ventral part, as in the Australian pelican, Pelecanus

conspicillatus, and the kestrel, Falco tinnunculus (Plate XII, Fig. 5) ;

more rarely the vessels are generalized, as occurs in the tawny owl, Strix

aluco (Plate XII. Fig. 2) ; as a rule these

vessels are most apparent in nocturnal

birds. Nerve fibres are usually not seen

ophthahnoscopically ; they are rarely

visible in nocturnal birds, but in divn-nal

types they often radiate outwards from the

disc, sometimes inconspicuously and run-

ning for a short distance only (Plate XII,

Fig. 4) but occasionally covering a wide

area (Plate XII, Fig. 3). The optic disc is

invariably white and elongated into a long

CAUDA (except in the kiwi, Apertyx) which

runs ventrally along the line of the foetal

fissure (v.Szily, 1922 ; Mann, 1924 ; Uyama,

1936) ; it is, however, almost entirely ob-

scured by the pecten.

The PECTEN, 1 originall}^ described by

1 The name is derived from the French peigne (a comb), but in view of the fact

! there are no separate teeth in the structure, a more happily chosen name is the
• nan Fdcher (a fan). An early narne was Marsupium (see Crampton, 1813).

Fig. .506.

—

Vertical Section
OF THE Right Eye of a
Goose.

Showing the temporal half

of the globe. The jDecten

arising from the elongated optic

disc is seen (Thomson).



PLATE XII

The Fl-n-di of Birds

Fig, L- Tin- kiwi, ^ijdrryx niatitdli.

Fig. .'j.—Tlie lihu-hiid. Sial/'n sudis.

Fig. 5.—The Euiupcan ke:~trcl, Fulco

Fig. 2.—The tawnv owl. Stric nluco.

Fig. 4.—The Eiircipcan nightjar, Capriniidgus
curopceus.

Fig. 0.—Tlie alhatro.ss, DioinaJcu.

{Figs. 1-5. Casey \\nn,\ : Fio;. G, 0"Day).

[To face p. 410.
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Perrault (1676) whose observation was elaborated by Petit (1735), is

a structure peculiar to Birds and forms the most dramatic feature of

the fundus when viewed oi3hthalmoscopically. It ajDpears in the ven-

tral part of the fundus as a black velvety mass rising from the elon-

gated optic disc, heavily pigmented particularly towards its apex.

Beautifully and elaborately convoluted, it projects freely into the

vitreous, usually moving undulatingly with movements of the gel (Fig.

506). Morphologically two main types occur :

Figs. 507 and 508.

—

The Vaned Type of Pecten.

Fig. 507.—Diagram of the pecteii of
the ostrich, Struthio ( X 5).

Fig. 508.—Section jmrallel to tlie base
showing the central web and the
lateral vanes (after Franz).

(1) The varied type. In Pal^eognathfe (except the cassowary and
the kiwi) the organ is composed of a central vertical panel with laterally

disposed vanes (Figs. 507-8). In the kiwi. Apteryx, it has a form resem-

bling the conus of lizards (Fig. 512).

(2) The pleated type. In Neognathse (and the cassowary) the

whole organ is pleated upon itself like an accordion, the convolutions

being held in place by a band-shaped apical bridge running along the

top (absent in the owl-^) ; if this is cut away, the pleats can be

freely smoothed out (Fig. 509).

Although always built on much the same general plan, the

pecten varies considerably in shape, size and the number of folds.

To a certain extent its size and complexity vary with the visual acuity

of the bird and its activity in daylight (Wagner, 1837
; Virchow,

1901) ; active diurnal birds therefore tend to have a large and many-
folded organ, nocturnal varieties a small and simpler structure.

The number of pleats varies between 5 and 30 (Wood, 1917 ; Kajikawa,
1923 ; Franz, 1934) (Figs. 510-11) ; 14 to 27 in the average ground-feeding or

%

The kiwi
Apteryx
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^wSi^ mm
Fig. 509.

—

The Pleated Type of Pecten.

(A) vertical longitudinal section ; (B) transverse horizontal section
; (C) and

(D) transverse vertical sections (Thomson).

perching (passerine) birds, 30 in the jay, Garrulus ; in predators the folds are

thicker but fewer (13 to 17). Sea-birds and shore-birds tend to have fewer pleats,

usually less than 12 ; Anseriformes (ducks and geese) average between 10 and
16 ; while the terrestrial Australian goose, Cereopsis, has only 6. Nocturnal

sea-birds have very few (7 in the stone -cvirlew, (Edicnenms). Other nocturnal

forms have a similarly simple structure ; the swift, Micropus, has 11 pleats, the

owl. Bubo, 5 to 8, and its relatives the European night-jar, Caprimulgus, 3 to 5,

and the frog-mouth, Podargus, 3 to 4 ; none of these three members of the owl

Fig. Ti! ';,—The Simple Pleated Pec-
ten .; THE Barn Owl, Stbix
FLAM (Casev Wood).

Fig. 511.

—

The Elaborate Pleated
Pecten of the Red-headed
Woodpecker, Melanerpes ery-
throcephalus.
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family possesses a bridge. The number of folds does not depend so much on the

species of bird as on its habits. Thus among the Palacognathn?, the active diurnal

ostriches, Struthio and Rhea, have 25 to 30 folds, the shy and crepuscular

cassowary, Casuarius, 4 large and 2 small folds (almost a cone), and the nocturnal

kiwi, Apteryx, none.

In its general form the pecten assumes a number of variations

which, have been classified into 4 types by Casey Wood (1917) (Figs.

512 to 520 ; Plate XII) :

(1) a stumpy structiu-e projecting only a short distance into the

vitreous, such as in the night heron, N^yeticorax, and the secretary bird,

Serpentarius cristatus (Figs. 513-4) :

(2) a curved structure sloping away from the visual axis ventrally,

Figs. 512 to 520.

—

Types of Pecten in Birds
(The fovea when present is shown) (after Casey Wood).

The night heron
Nycticorax

The secretary bird
Serpentarius

Fig. 512.—Tlie kiwi,

Apteryx.
Fig. 513.—Tlie common
kestrel, Falco tinnuncuhts.

Fig. 514.—The secretary
Vjird, Serpentarius.

Fig. 515.—The herring-
gull, Larus argentatun.

Fig. 516.—The wood-
pigeon, Columba

palutnbus.

Fig. 517.—The American
ostrich, Rhea.

Fig. 518.—The laughing
kingfisher, Dacelo yiyK.s.

Fig. 519.—The cliimney
swallow, Hirumlo rusticu.

Fig. 520.—The blue jay,

Cyanocitta.
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The blue jay
CyunoclUa

all the time, however, close to the bulbar wall and not penetrating

far into the vitreous, such as in the pigeon, Coluniba, and the herring

gull, Larus argentatus (Figs. 515-8)
;

(3) a slender sickle-shaped structure proceeding with a curved

course from the disc towards the equator of the lens, such as in the

blue jay, Cyanocitta cristata, and the chimney swallow, Hirundo rustica

(Figs. 519-20), sometimes almost touching it, as in the Anseriform birds

(goose, swan). Between these last two forms gradations occur, such as

is seen in the great spotted woodpecker, Dendrocopus major ;

The swallow
Hirundo

The woodpecker
Dendrocopus

major

Fig. ,521.

—

The Microscopic Structure of the Pecten of the Chicken

{ X 84) (Norman Ashton).

(4) a cone-shaped structure without pleats, uniquely found in the

kiwi, Apteryx (Plate XII, Fig. 1 ; Fig. 512).

The histological structure of the pecten has received much atten-

tion (Fig. 521).i Essentially it is made up of a dense and elaborate

capillary network associated with a comparatively small amount of

supporting tissue ; this was originally (Mihalkovics, 1873 ; Leuckart,

1876 ; Kessler, 1877) and sometimes has subsequently (Bacsich and

Gellert, 1935) been said to be mesodermal in origin, but following the

work of Bernd (1905) and Franz (1908), has been generally accepted to

be glial in nature. The glial tissue derived from the optic disc is more of

the nature of a syncytium than cellular. The rich vascular plexus,

\-, liich is composed of vessels of greater than capillary size, is supplied

1 Mihalkovics ( 1 873), Denissenko (1881), Bernd (1905), Franz (1908-9), Blochmann
: V. Husen (1911), Lschreyt (1914), Kajikawa (1923), Mann (1924), Menner (1935),

ika (1938).
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by an artery derived from the hyaloid system emerging from the optic

disc entirely separate from the choroidal circulation ; this artery runs

along the base of the pecten and gives off ascending branches to each

of the folds, whence the blood is gathered by large veins which combine
to pierce the sclera and the cartilaginous cup at about the level of the

middle of the pecten (Fig. 522). The walls of the capillaries contain

no muscle or nerve fibres and between

them lie epithelial pigment -containing

cells ; the consensus of opinion is that

there are no structures resembling sensory

end -organs as was suggested by Franz

(1908).

The function of the pecten has excited

speculation ever since it was discovered
;

this has. indeed, been one of the great

puzzles in comparative ophthalmology

and, based on the dramatic differences in

its size and complexity in various species,

more than thirty separate theories as to

its possible use have been advanced. Un-
fortunately few of them are based on

physiological experiment. It is to be

remembered that the presence of the

structures described by Franz (19U8)

—

cilium-like hairs along the free edge of the

bridge associated with bulbous cells with

nerve fibrils running between the pecten

and the nerve -fibre layer of the retina

—

has never been substantiated ; there is no

evidence that the pecten is anythmg more
than a complex capillary network or that

it can be interpreted in any respect as a

sense organ. Whatever accessory func-

tions (if any) it may have, all authorities

are agreed that its main role is to assist in the nutrition of the retina

and the inner eye generally ; it is thus strictly comparable to the falci-

form process of teleostean fishes or the conus of lizards. The metabolism

of birds runs at a high rate ; their normal temperature, for example,

may be 2' to 14^ F above that of Mammals. The metabolism of the

cone-rich retina must be similarly high and, as we have seen, the size

and the complexity of the pecten vary closely with the diurnal activity

of the species concerned. Its nutritive function was proved by Abels-

dorff and Wessely (1909) who showed the high permeability of the rich

capillary system to the solutes of the blood, while its complex shape

ON

Fig. r)22.

—

The Structure of
THE Pecten.

Sliowing its relations to the
entrance of the optic nerve and
its vasenhir connections. A, The
supplying artery which sends a
branch to each fold ; Ch,

choroid ; ON, optic nerve ;

P, pecten ; i?, retina ; »§, sclera ;

T^ efferent vein which receives a
branch from each angle of the

fold (Wood and Slonaker ; the
illustration is inverted).
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may be most simply interpreted partly as a mechanical expedient for

buttressing the organ to give it rigidity but mainly as a means of

increasing the available diffusing surface. From the optical point of

view, there is little doubt that a pecten, occupying the space already

taken up by the blind spot corresponding to the optic disc, is a more

efficient method of nourishing the retina than the provision of a diffuse

vascular system whether it be intra-retinal or supra-retinal. Indeed,

the position of the pecten is such as to interfere as little as possible with

the function of the retina (Petit, 1735), a point to be remembered when

considering any possible optical function. In this respect the eyes of

birds are optically superior to those of man.

The most popular subsidiary functions which have been ascribed to the

pecten, four of them metabolic, four of them optical in purpose, may most

conveniently be summarized as follows :

(1) An aid in the mechanism of accommodation (Beauregard, 1875 ; Rabl,

1900 ; Franz, 1909 ; Hess, 1910). It was suggested that an increase or decrease

in turgidity makes the pecten act as an erectile organ capable of displacing the

lens hydraulically. It is true that, in general, the size and complexity of the

pecten vary with the accommodative capacity, but the accommodative capacity

itself varies with the visual effectivity, that is, with the metabolic level of the

retina. Any relationship between the two may therefore be parallel rather than

causal and there is no evidence that the organ changes in volume with accom-

modative adjustments.

(2) A stabilizer of the intra-ocular pressure, acting as a large capillary-

venous reservoir or as an organ of secretion or excretion to regularize the tension

of the eye particularly during changes of altitude during flight (Franz, 1909).

(3) A means of smoothing out the considerable excursion in the ocular

pulse-pressure.

(4) A means of maintaining a high temperature in the eye particularly at

high altitudes in an animal with a metabolic rate as rapid as the bird (Kajikawa,

1923).

(5) To screen the retina from the sun's rays from above (Paul Bert, 1875)

or, alternatively, to serve as a dark mirror, relaying images onto the retina,

particularly from objects above. Thus it has been said to tone down excessive

brightness from an image in the sky or, alternatively, to allow a ground -feeding

bird to see a predator overhead (Thomson, 1928).

(6) To intercept rays reaching the eye simultaneously from in front and

above (Beauregard, 1875). It is thus held to suppress binocular vision during

mojiocular fixation or, alternatively, to suppress monocular diplopia during

binocular vision.

(7) To aid the visual resolution of moving objects when in flight. Menner

(1938) suggested that finger-like shadows were thrown upon the retina when the

bird looked at the sun ; a moving object would thus be seen intermittently

and therefore more clearly as are the spokes of a rotating wheel when viewed

stroboscopically.

(;j) As an aid to navigation. This extraordinary faculty of birds has already

beei: "ussed.^ We have seen that one of the necessities for orientation,

1 p. 63.
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in Wilkinson's (1949) view, is the observation of the sun's arc with great accuracy

over a small excursion, and it is said that the pecten may play an important

part in the visual analysis thus involved by acting as a fixed point when taking

observations (Menner, 1938 ; Crozier and Wolf, 1943 ; Griffin, 1952).

Areas subserving acute vision are the rule in birds and are more

elaborately constituted than in any other species.^ An area centralis

is almost invariably present, one fovea is the rule and two occur in

many species.^ The single fovea usually takes the character of a

remarkably deej) and well-formed pit, the depth varying with the

excellence of vision ; it is thus deepest in swift -flying diurnal birds

of prey. This central fovea subserves monocular vision. Only rarely

does a single fovea occur in the temporal part of the fundus (owls).

In bifoveate birds, usually diurnal birds of prey, the deep central

fovea is associated with a temporal fovea which is shallow and less

^^'ell formed, except in hawks and eagles, where it is deep ; the temporal

fovea is used for seeing straight ahead and sometimes for binocular

vision. The kingfisher, Alcedo, is unique in that it uses its central

fovea for aerial vision, its temporal fovea for aquatic vision.^ In

addition to these macular areas with their fovese, a ribbon-like band

of specialized retina is sometimes associated (the infula),^ running in

the horizontal meridian through the fovea, particularly in birds that

seek their food in the ground {Strufhio, Saxicola) or in aquatic birds

(Anseriformes : geese, swans, etc.). It would seem probable that tliis

band subserving accurate vision may be designed for food-searching.

From the point of view of these areas for specialized vision, birds

may be classified as follows, a classification which depends less on the

type of bird than on its habits (Plate XII) :

(1) Afoveal. {a) Domesticated birds and some ground-feeders.

There is a suggestion of an area centralis centrally but it is sometimes

absent and at best is poorly defined, and a fovea is absent. Typical

examples are the domestic fowl, Gallus domesticus, and the Californian

valley quail, Lophortyx californicus vaUicola. In the turkey, Mehagris

gallopavo, the guinea-hen, Numida jyucJierayii, and the pigeon, Columba,

there is an attempt at a shallow fovea. (6) Some sea-birds have a well-

formed area centralis in wluch cones only are fomid but a fovea is

absent—the shearwater, Puffinus, and the fulmar, Fulmarus glacialis

(Lockie, 1952).

(2) Central monofoveal. Tliis applies to the majority of birds in

which a well-formed fovea situated centrally is surrounded by a large

macular area.

1 Chievitz (1891), Slonaker (1897), Casey Wood (1917), Rochon-Duvigneaud
(1919-23), Franz (1934), Walls (1942), Bruckner (1949).

^ Compare the lizard, Anolis, p. 365.

3 p. 641.
* Lat. infula, a band (Casey Wood, 1917).

S.O.—VOL. I. 27

Hawk,
Buteo

Kingfisher^

Alcedo

Californian quail,

Lophortyx
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Owl -parrot,

Stringops

(3) Temporalmonofoveal. Owls (including the owl-parrot, Strin-

gops) have a round macular area in the temporal quadrant with a

shallow fovea (occasionally absent). The swift, Micropus, has in

addition a trace of a central macula.

(4) Infula-mo7iofoveal. Some ground-feeders and water-birds,

including swimmers, divers and waders, have a central round macular

area with a fovea of medium dejDtli tlu'ough which runs a horizontal

band of acute vision. These include the albatross, Diomedea cauta, and

the giant ]3etrel, Macromectes giganteus (O'Day, 1940) (Plate XII,

Fig. 6).

At'.
'••-t»i» •••»

Albatross,

Diomedea

Fig. 523.

—

The Retina of the Albatross, Diomedea.

Section through the region of the central streak. 1, optic nerve fibre

layer ; 2, ganglion cells ; 3, inner plexiform laj'er ; 4, inner nuclear layer ;

.T, outer plexiform layer ; 6, outer nuclear layer ; 7, external limiting mem-
brane ; 8, visual cells ; 9, pigment epithelium (O'Day).

(5) Bifoveal. Many birds which seek their prey on the wing

(j)asserines, kingfishers, bitterns, humming birds, Calypte, and so on)

are commonly jDrovided with a deej^ly excavated principal central

fovea and a subsidiary shallower temi^oral fovea surrounded by a

smaller macular area lying about the same distance from the optic

disc as the central fovea.

((^) Infnla-bifoveal. Certain predators have two foveae associated

with a band of clear vision, (a) The more common arrangement is

two circular macule connected by a band, as occurs in hawks, eagles

' '^ swallows ; each macula has a fovea, the central being deepest

€' ot in the eagles wherein the temporal is deepest, {b) Alternatively,
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the central fovea may be situated in a band but this does not inckide

the temporal fovea wliich is situated above and separate from the

former (the tern, Sterna Mrundo).

(7) Infular. Some water-birds have a horizontal band only with

no macular area and in it may be a linear trough-like fovea : gulls,

flamingo.

Histologically the retina of birds is the most beautiful and

elaborate in its arcliitect ure in the animal kingdom ^
;
layers and sub-

layers are clearly defined with each cell

accurately in place (Fig. 523). As with

other Sauropsida the pigmentary epi-

thelial cells send slender processes con-

taining fuscin granules extending

inwards to the inner segments of the

visual cells ; their movements with

variations of light and shade are rapid

and Extensive, possibly making up for

the relative inertia of the pupil to light.

In the visual retina the ganglion cells lie

in 2 or 3 rows. The inner plexiform

layer is unusually thick and stratified

at the levels at wliich the arborizations

of the amacrine cells deploy. The inner

nuclear layer is expanded to have three

strata—innermost the (integrative)

amacrine cells which may even out-

number the bijDolars, outermost the

(conductive) bipolar elements, and in

the middle a single com23act row of

Miiller's fibres. This layer as a whole is

thus very tliick, and mainly because of

the unusual development of this and

the inner plexiform layer, the retina of Birds is some one-and-a-half

times to twice as thick as that of the majority of Vertebrates, being

approached in this respect only by a few Teleosteans.

The visual cells are slender and closely packed (Fig. 524). The

retina is duplex in type, containing rods and single and double cones.

The rods are slender with a long thin paraboloid and contain

rhodopsin but have no oil-droplets, resembling in their general structure

those of Chelonians or Crocodilians ; in nocturnal birds they pre-

dominate while in diurnal types they may be very few and limited to

1 H. Miiller (1856-63), Krause (1863-94), Merkel (1870), Dobrowolsky (1871),

Schultze (1873), Waelchli (1881-83), Dogiel (1888-95), Cajal and Greeff (1894), Fritsch

(1911), Rochon-Duvigneaud (1919-43), Kajikawa (1923), Kolmer (1924-36), Chard
(1938), van Eck (1939). O'Day (1940), Walls (1942), Lockie (1952), Yamamoto (1954).

Fig. 524.

—

The Visual Cells of
Birds.

From the left, a single cone, a
double cone, both from the peri-

phery ; a peripheral rod, and a
central rod of the English sparrow,

Passer domesticus. p, the para-

boloid (X 1,000) (Gordon Walls).

Tern,
Sterna
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Kite, Milvus

Flicker, Coluptes

the 23eriphery. The cones, which in diurnal varieties greatly outnumber

the rods, may be single or double. As in Chelonians, the single cones

and the chief element in the double cones contain an oil-droplet, a

prominent feature of the avian retina known to the early anatomists

such as Treviranus (1837) and Hannover (1840). They are of various

colours—red, orange, yellow—and colourless ; they tend to be brightly

coloured in diurnal types, particularly in small song-birds, but pallid

Fig. 5:i5.

—

The Fovea of the Albatkuss, Diomedea (O'Day).

and almost colourless in nocturnal types,

have been described in a few species.^

Green droplets are rare but

stormy petrel,

Procellaria

At first supposed to be associated with colour vision (Krause, 1863), these

oil droplets are now more generally considered to have a pvirely absorptive func-

tion, eliminating light-rays which are inconvenient qualitatively or quantitively

and aiding the acuity of vision.-

The fovea of Birds, particularly the central fovea, is remarkably

deep with liighly convex sides, resembling in its general shape the deep

1 The domestic cock, Gallus doynesticus (Waelchli, 1883), the kite, Milvus, and the
Ti parrot, Chrysoiis (Kiihne, 1882), the flicker, Colaptes auralus (Walls and Judd,
') and the stormy petrel, Procellaria pelagica (Rochon-Duvigneaud, 1943).

p. 631.
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m.
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Fig. 526.—The Central Fovea of the Swallow, Hirvsdo.

(Rochon-Duvigneaud).

2A^'3?*ip-;ix?«v;vs^yji^^^Ss^gr&,

..,.f:?;'^^*^•.'A's>l^i:;y*?^.'*^.^^^^*

i^ «» *.*
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Fig. .527.—The Lateral Fovea op the Swallow, HiRvyoo.

(Rochon-Duvigneaud)

.

•-*^

YiQ, 528.—The Band-shaped Area of the Gannet, Sula

(Rochon-Duvigneaud).
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pit-like fovepe of lizards ; the temporal fovea is shallower and some-

what reminiscent of the human fovea (Figs. 525-7). In the central pit,

single cones containing yellow oil-droplets predominate and rods are

excluded. In the deep fovea of the Lacertilians and the shallow fovea

of the Primates, the cones are slim and elongated,

the nuclear layers are pushed away from the

central area and the nerve fibres aggregated to

form a layer of Henle ; in Birds, on the other

hand, a considerable proportion of the nuclei is

retained, a circumstance which would seem to

sujjport Walls's (1937) suggestion that the

purpose of the fovea is not so much to remove

cellular impediments to the incident light as

to scatter it over a wider area.^ In the band-

shaped areas of greater acuity the retina is thicker than usual so that

it projects into the vitreous owing to an enormous increase in the

number of nuclei in the bipolar layer, a considerable increase in the

outer nuclei and a lengthening of the visual cells (Fig. 528)^ At the edge

of the fovea this thickening of the retinal layers is further increased to

form a definite ridge owing to the lateral displacement of cells from

the foveal pit (O'Day, 1940).

The 02:)tic nerve is of the usual vertebrate type with a variable

Fig. 529.

—

The Decus-
sation AT THE ChTASMA
OF A Bird.

Fig. 530.

—

The Milky Eagle Owl, Bubo lacteus.

i his bird is unusual ; showing the greater development of the upper lid

moves preferentially (photograph by Michael Soley).

1 p. 658.
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Figs. 531 and 532.

—

The Mechanism of the Nictitating Membrane in

Birds.

Fig. 531.—The anterior aspect of the

ej^e of the turkey.

Showing the insertion of the pyra-
midalis tendon into the nictitans

(Bland-Sutton).

Fi( 532.—The posterior aspect of the

eye of the turkey.

Showing the pyramidalis
fontinued as a tendon (below

through the sling formed
quadrat us muscle (above)

Sutton).

muscle
looping
by the
(Bland-

septal system ; a single large septum ma}' run to the axis where it

subdivides ; the oligodendroglial cells are widely scattered and

numerous, being thickly packed between the fascicules of nerve fibres

(Prince, 1955). The decussation of fibres at the chiasma is complete

with an elaborate interdigitation of fasciculi (Beauregard, 1875 ;

Gudden, 1879 ;
Gallerani. 1888 ; Faravelh and Fasola. 1889) (Fig. 529).

THE OCULAR ADXEXA. The Hfls almost cover the globe revealing

only the small cornea through their (usually) circular aperture,

deceptively hiding the relatively enormous eye (Fig. 530). In the

y
Fig. 533.

—

The Orbits of the Sparrowhawk, A'cipiTEit.
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movements of the iids there is a more equable distribution of labour

than is seen in Amphibians and other Sauropsidans (Bartels and

Demiler, 1921) : the lower is usually the more active of the two, but

the upjDer lid also plays a considerable part. Except in parrots, the

more active lower lid is provided with a fibrous tarsal plate composed

of fibro -elastic tissue without cartilage (Naglieri, 1932). The nictitating

membrane is well developed with a feather-like epithelium (Kajikawa,

1923 , Kolmer, 1923-30 ; AnelH, 1935) ; it sweeps over the globe

Fig. 534.

—

The Orbits and Brain of the English Sparrow, Passeb
domestivus.

c, optic chiasma ; e, external rectus ; g, gasserian ganglion ; /;, liarderian

gland ; in, inferior rectus ; io, inferior obliqvie ; ir, internal rectus ; /, lacrimal

gland ; m, medulla ; o, optic nerve ; ol, optic lobe (midbrain) ; p, pituitary
;

3, third cranial (oculomotor) nerve, supplying the superior, internal, and inferior

recti and the inferior oblique ; 4, fourth cranial (trochlear) nerve, supplying
the superior oblic^ue ; 5, fifth cranial (trigeminal) nerve, several of the branches
of which carry fibres to the eye and adnexa ; 6, sixth cranial (abducens)

nerve, supplying external rectus (Gordon Walls ; drawni from Wood and
Slonaker).

from the nasal canthus controlled by a pyramidalis muscle attached to

the posterior surface of the sclera, the optic nerve being protected by

lacing the tendon tlu'ough the well-developed quadratus (bursalis)

muscle (Figs. 531-2). It is probable that these two muscles are homo-

logous with the retractor bulbi of Crocodilians (Wedin, 1953). The

nictitans is very transparent and has no fibrous or cartilaginous basis
;

it is probable that it can cover the eye without affecting vision greatly,

and in fact many believe that it is drawn over the cornea habitually

as a p '-^ctive goggle during rapid flight.

In • in diving birds (diving ducks ; auks, Alcidse ; and the loon, Gavia)

the nict i membrane has a central clear window which, being highly refractile,
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adjusts the eye to under-water vision as it is drawn across immediately the head

is immersed (Ischreyt, 1913-14) ; it thus acts as the lens of a diver's spectacle.

^

The lacrimal gland with its single duct is ventre -temporal in

location being associated, as is usual, with the more active lid ; although

it is well developed in most water-birds, it is absent in the fully water-

adapted penguins (Impennes) and also in the owl, Bubo. The harderian

gland in its nasal position associated with the nictitating membrane,

secretes a thick oily fluid ; in the cormorants it is exceptionally

large and the secretion abimdant, acting probably as a protection

against sea-water. Meibomian glands are absent (Anelli, 1936). There

are two slit-shaped lacrimal puncta, a larger upper and a smaller lower

at the nasal canthus.

The orbits are very large to accommodate the enormous eyes and

occupy a considerable proportion of the entire head (Fig. 533) ; as a

rule they meet in the median plane, being separated from each other

only by a thin bony interorbital septum (Bellairs, 1949).

The orbits are open in type ^ resembling in their general form those

of Reptiles, particularly the tortoises ; it is to be remembered that the

lack of protection to the anterior part of the globe that results from this

configuration is to some extent compensated by the firm ring of im-

bricated scleral ossicles which encircles the sclera immediately behind

the limbus.

Into this orbit the globe usually fits so snugly that the extra-

ocular muscles must perforce be small (Fig. 534) ; a retractor bulbi is

absent in Birds since the globe cannot be further retracted into a

cavity which it already fills. In consequence, ocular movements are

negligible or absent. As we shall see at a later stage, ^ this immobihty

of the eyes is compensated by the extreme mobility of the neck and the

constant movements of the head. Nevertheless, although the muscles

are tenuous, the four recti and the two obliques are normally repre-

sented, each being provided with the standard nerve supply charac-

teristic of the vertebrate phylum.

Abelsdorff and Wessely. Arch. Augen- Barany, Berggren and Vrabec. Brit. J.

heilk., 64, Erg., 65 (1909). Ophthal, 41, 25 (1957).

Anelli. Boll. Oculist., 13, 1461 (1934); 14, Bartels and Dennler. Zool. Anz., 52, 49

499 (1935). (1921).

Ric. Morjol.. 15, 233 (1936). Beauregard. C. R. Soc. Biol. (Paris), 27,

Bacsich and Gellert. v. Graejes Arch. 132 (1875).

Ophthal., 133, 448 (1935). Bellairs. J. Linn. Soc. London, 41, 482

Balducci. Monit. zool. Ital., 16, 258 (1949).

(1905). Bernd. Inaug. Diss., Bonn (1905).

1 p. 643.
^ To this generalization there are exceptions, such as the Australian cockatoo,

Cacatua roseocapella (Prince, 1956).

3 p. 696.



426 THE EYE IN EVOLUTION

Bert. C. R. Soc. Biol. (Paris), 2, 65 (1875).

Blochmann and vanHusen. Biol. Zbl., 31,

150 (1911).

Boeke. Z. mikr.-Anat. Forsch., 33, 233

(1933).
Briicke. Arch. Anat. Physiol., 370 (1846).

Bruckner. Ophthalmologica, 118, 969

(1949).

Cajal and Greeff. Die Retina d. Wirbel-

thiere, Wiesbaden (1894).

Chard. J. comp. Psychol, 25, 249 (1938).

Chievitz. Arch. Anat. Physiol., Aht. Anat.,

311 (1891).

Crampton. Thompson's Ann. Philos., 1,

170 (1813).

Crozier and Wolf. J. gen. Physiol., 27,

287, 315 (1943).

Dabelow. Anat. Anz., 61, Erg.. 95 (1926).

Z. Morphol. Anthrop., 26, 305 (1927).

Denissenko. Arch. mikr. Anat., 19, 395
733 (1881).

Dobrowolsky. Arch. Anat. Physiol., 208,

221 (1871).

Dogiel. Anat. Anz., 3, 133, 342 (1888).

Arch. mikr. Anat., 44, 622 (1895).

van Eck. Arch, neerl. Zool., 3, 450 (1939).

FaravelH and Fasola. Ann. Ottal., 18, 20

(1889).

Franz. Biol. Zbl., 28, 467 (1908).

Zool. Jb., Abt. Anat. Ontog., 28, 73

(1909).

Bolk's Hb. d. verql. Anat. d. Wirbeltiere,

Berlin, 2 (ii), l'l27 (1934).

Fritsch. Arch. mikr. Anat., 78, 245 (1911).

Gallerani. Fisiol. d. commessure ence-

faliche, Padova (1888).

Gemminger. Z. tviss. Zool., 4, 215 (1852).
Griffin. Biol. Rev., 27, 359 (1952).

Grynfeltt. G. R. Ass. Anat., Geneve (1905).

Gudden. v. Graefes Arch. Ophthal., 25 (1),

1 (1879).

Haller. Opera minora, 3 (1768).

Hannover. Arch. Anat. Physiol., 320
(1840).

Hess. Arch. Augenheilk., 62, 345 (1909).
Arch, vergl. Ophthal, 1, 153 (1910).

Zool. Jb., Abt. Zool. Physiol, Suppl. 15
(3), 155 (1912).

Ischreyt. Arch, vergl. Ophthal, 3, 39, 369
(1913) ; 4, 162 (1914).

Jokl. Z. ges. Anal, 63, 227 (1922) ; 68,
523 (1923).

Kajikawa. v. Graefes Arch. Ophthal, 112,
260 (1923).

Kessler. Zur Entwicklung d. Auges d.

Wirbeltiere, Leipzig (1877).
Kohner. Anal Anz., 57, 122 (1923).

Pfliigers Arch. ges. Physiol, 204, 266
(1924).

Hb. mikr. Anat. d. Menschen, Berlin, 3
(2). 431 (1936).

V. C'raefes Arch. Ophthal., 124, 652
(lii:^0).

Kraus;e. Z. rat. Med., 20, 1 (1863).
Arch. Lr. Anal, 19, 309 (1881).

Internal Mschr. Anat. Physiol, 11, 1,

69 (1894).
Kiihne. Untersuch. a. d. physiol Inst. d.

Univ. Heidelberg, 2, 89 (1882).

Lauber. Graefe-Saemisch Hb. ges. Augen-
heilk., II, 1 (2), Kap. 3 (1931).

Lemmrich. Jena. Z. Naturwiss., 65, 513
(1931).

Leuckart. Graefe-Saemisch. Hb. ges. Augen-
heilk., I, 2, (2), 145 (1876).

Levine. Science, 122, 690 (1955).

Lienhart. C. R. Soc. Biol. (Paris), 121,
1415, 1630 (1936).

Lockie. Quart. J. micr. Sci., 93, 347 (1952).
Malpighi. Opera posthuma, London (1697).
Mann. Bril J. Ophthal, 8, 209 (1924).

Trans, ophthal. Soc. U.K., 49, 353 (1929).
Trans, zool Soc. Lond., 21, 355 (1931).

Menner. Zool Anz., Suppl. 8, 244 (1935).

Zool. Jb., Abt. Zool Physiol, 58, 481
(1938).

Merkel. Arch. Anat. Physiol, 642 (1870).

Mihalkovics. Arch. mikr. Anal, 9, 591
(1873).

Miiller, H. Anat.-physiol Untersuchungen
iiber d. Retina d. Menschen u. d.

Wirbeltiere, Leipzig (1856).

Wurzburg. nctturwiss. Z., 2, 139 (1861).

Klin. Mbl Augenheilk., 1, 438 (1863).

Naglieri. Monit. zool. Ital, 43, 17 (1932).
Niissbaum. Arch. mikr. Anal, 57, 346

(1901).

O'Day. Brit. J. Ophthal, 24, 201 (1940).

Pagenstecher. Verhdl phys.-tned. Ges.

Wurzburg, 10, 173 (1860).

Perrault. Memoirs pour servir d Vhistoire

naturelle des animaux, 2nd Ed.
(1676).

Petit. Mem. Acad. Sci., Paris, 123 (1735).
Prince. J. comp. Neurol, 103, 541 (1955).
Comparative Anatomy of the Eye.

Springfield, Illinois (1956).

Rabl. Z. wiss. Zool, 65, 257 (1898).

Ueber d. Bau. u. die Entwickelung d.

Linse, Leipzig (1900).

Rochon-Duvigneaud. Ann. Oculist. (Paris),

156, 717 (1919); 157, 673 (1920);
160, 769 (1923).

Les yeux et la vision des vertebres, Paris

(1943).
Schultze. Strieker's Manual of Human

and Comp. Histol, London, 3 (1873).

Slonaker. J. Morphol, 13, 445 (1897).

V. Szily. V. Graefes Arch. Ophthal, 107,
317 ; 109, 3 (1922).

Tanaka. Jap. J. med. Sci., I Anal, 7, 95,

133 (1938).

Teulieres and Beauvieux. Arch. Ophtal,

48, 465 (1931).

Thomson. Trans, ophthcd. Soc. U.K., 48,
293 (1928).

Tiemeier. J. Morphol, 86, 25 (1950).
Treviranus. Ueber d. Theorie d. Sehens u.

il. d. innern. Bau d. Netzhaut d. Auges,
Bremen (1837).



BIRDS 427

Uyama. v. Graefes Arch. Ophthah, 135,
240 (1936).

Virchow. Anat. Hefte, Abt. II, 10, 720
(1901).

Waelchli. v. Graefes Arch. Ophthal., 27,

303 (1881) ; 29, 205 (1883).

Wagner. Abh. bayer. Akad. wiss., Math.-
phijs., 2, 270 (1837).

Walls. Arch. Ophthal. (Chicago). 18, 912

(1937).

The Vertebrate Eye, Michigan (1942).

Walls and Judd. Brit. J. Ophthal, 17, 641

,

705 (1933).

Wedin. Acta Anat., 18, 30 (1953).

Wehner. Z. Anat. Entw. Ges., 69, 250
(1923).

Wilkinson. Proc. Linn. Soc. Lond., 160,
94 (1949).

Wittich. V. Graefes Arch. Ophthal., 2(1),
124 (1855).

Wood. The Fundus Oculi of Birds,

Chicago (1917).

Wychgram. Arch, vergl. Ophthal., 3, 22

(1913) ; 4, 282 (1914).

Yamamoto. Acta Soc. ophthal. Jap., 58,

586 (1954),

Zalmann. Konigl. Akad. Wiss., Amster-
dam, 30, 106 (1921).

Zietzschmann. Arch, vergl. Ophthcd., 1, 9

(1910).


	VOL I


