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than a preliminary survey ; it is our hope that other investigators
will be stimulated to add greatly to the scanty data of this subject.

Schiefferdecker’s (1887) report is the only one we have found.
He noted that the corneae of Esox lucius and Cyprinus carpio were
yellow, the colour being present well down over the pupil, and
thus necessarily ‘‘influencing the perception of colours.” He
does not mention the exact position of the chromatophores with
reference to the laminations of the cornea, and we have made no
histological investigation of this point, as it has seemed immaterial
to our present purpose.

Among the species we have examined, Esox vermiculatus and
Amia calva are conspicuous ; these forms have an orange coloura-
tion of the extreme superior periphery of the cornea which shades
rapidly into yellow, becoming paler opposite the pupil and lost
below, so that the inferior periphery is practically colourless.
In these cases the colour is produced by numbers of small
xanthophores which are quite closely congregated; they are pre-
sumably non-migratory and identical with those of the head skin.
The yellow pigment involved is probably ordinary ichthyocarotin
(Lonnberg, 1931). :

The excised fresh cornea of a large Esox vermiculatus was
examined with the Zeiss microspectroscope ; with the slit minimal,
it was found that the portion opposite the pupil absorbed ca.
40 per cent. through the blue and violet regions and cut the
spectrum off at about A4150. The more heavily pigmented dorsal
area absorbed all of the blue and violet.

Cottus bairdii showed a very different situation. Although the
pigmentation was quite heavy (cutting off the spectrum at A4200)
it was confined to the super-pupillary area and was formed by
massive cytoplasmic processes descending waterfall fashion from
the bodies of xanthophores situated at the superior corneal margin.
The eyes of this form have a decidedly dorsad situs, and the pig-
mentation here seems to constitute rather an ‘‘eyeshade,’’ protective
against dazzle, than a filter in the strict sense®. :

The eye-shade sort of arrangement, less well developed than in
Cottus, was also found in Cyprinus carpio, Perca flavescens,
Poecilichthys coeruleus, Carassius auratus, and Notemigonus
crysoleucus. In these there was a conspicuous ventrad extension,
dorsally, of the zone of xanthophores which in most fishes invade
the entire circumference of the cornea for a short distance beyond
the last of the melanophores.

Species in which there was no extra development, dorsally, of

48 A very different type of eyeshade has been reported by Breder (1932), who
interprets the umbraculum, or pupillary operculum, of certain fishes as having such
a function ; in some of these fishes, black pigment occurred in the dorsal part of the
cornea.

"ybuAdoo Aq
pa1oslold 1senb Ag 020z ‘2z Jequisldes uo jwod (wq-olg//:dny woly papeojumoq "€E6T J8quiaded T uo G0/ °ZT 2T 0lq/9eTT 0T Se paysiignd 1s1y jjowreyiydo r g


http://bjo.bmj.com/

INTRA-OCULAR COLOUR-FILTERS OF VERTEBRATES 717

X3

this narrow yellow ring, sufficient to constitute even an
shade,” included the following : —

Eucalia inconstans, Aplites salmoides, Ambloplites rupestris,
Xenotis megalotis peltastes, Micropterus dolomieu, Umbra limi,
Rhinichthys atronasus, Semotilus atromaculatus, Catostomus
commersonnii, Apomotis cyanellus, Eupomotis gibbosus, Percina
caprodes, Helioperca incisor, Salmo salar sebago, Salmo
gairdnerii, Lepisosteus platostomus, and Acipenser fulvescens.

It would seem that only a small minority of fishes have a yellow
filter through which they must look constantly. A few others look
through a yellow screen only when their gaze® is directed rather
sharply upward. The majority of species, however, have no filter
for use under any conditions, and in such cases as the trouts, etc.,
this is frankly puzzling. The forms which do have the yellow
cornea more or less developed are all shallow-water species, but
apparently not even Amia and Esox are restricted by their filters
to solely diurnal activity ; both of these are included in Boulenger’s
(1929) list of forms which are, he believes, at least as active by
night as by day. .

The reason for the counter-shading of the coloured cornea from
dark superiorly to pale or colourless inferiorly is perhaps simply
the fact that the greater part of the incident light comes from
above; the shading would thus be explained in the same terms as
the differences in lens colouration in bright-light and dim-light
Sciuridae.

There are, however, two other possibilities, the first of which
is the stronger : the fish can see upward into the air only within a
definitely circumscribed overhead area, outside of which total
reflection occurs, so that the fish sees the air-water interface only
as a bright opaque surface. It is possible that the fish has most
need for acute vision in a generally upward direction, as when it
is searching for insects trapped in the surface film, or watching
out for terrestrial and aerial enemies. This may be an important
factor in the shading problem; a less likely possibility follows :

Schnurmann (1920) believes he has identified a type of yellow
filter in the fish retina which, because we are doubtful of it, we
have not included in our discussion of natural filters in general.
Basing his hypothesis upon some work of Hess (1911b), Schnur-
mann postulates that the retinal pigment, fully expanded in light-
adaptation, is so attenuated as to form translucent films about the
visual cells. This pigment, he claims, becomes a yellow filter
when greatly dispersed, although it forms a dark brown opaque

eye-

49 Eye movement is not implied; we have in mind the portion of the visual ficld
to which the animal’s attention is directed. Probably but few fishes aim their eyes
at all precisely, as only a few have been found to have a fovea (see Rochon-Duvigneaud
and Roule, 1927; Verrier, 1928).
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mass when retracted in dark-adaptation. Although it would seem
that there would be no filtering action whatever upon those light-
rays which are directed axially to the cones, Schnurmann considers
the supposed action an adequate basis for the response of the
dermal chromatophores to the yellow portions of the animal’s
background.

Assuming this filtering action to occur, and to affect vision,
it would be most prominent in the dorsal portion of the retina,
requiring a correspondingly less heavy deposit of pigment in the
corresponding (inferior) portion of the cornea. We include this
only because it is a possibility—not because we are at all in
agreement with Schnurmann’s hypothesis.

‘Maculae luteae and Retinal Capillaries—We have seen that
several investigators have explained the macular pigment as having
the same function as the oil-droplets, according to their respective
theories. One or two have been more specific and have compared
the macula lutea with the general assemblage of yellow oil-droplets
alone, but without knowledge of the still more perfect analogy
afforded by conditions in the well-developed avian fovea itself*.

There have been denials, even recently® of the existence of a
macular pigment in the living eye, but its presence is now certain.
It has also been claimed that the yellowness of the macula is due
merely to the extra thickness of the retina in that region, and that
an equally yellow appearance can be produced anywhere in the
periphery by doubling the fresh retina upon itself. This is also
untrue, but suggests that perhaps the pigment may not be con-
fined to the immediately circumfoveal region in those primates
which have much higher percentages of cones than man, and are
more strictly diurnal.

Woollard (1927), Kolmer (1930), and Menner (1931) have
recently described sectioned material of such primates, some of
which have practically as many cones as rods—the same high
proportion of cones as in many lampreys and squirrels. The fresh
retinae of such primates demand examination for the possible

50 [t is strange that Schultze, who was in possession of all the necessary information,

never realized this situation. His statement regarding the presence of only yellow
droplets in the foveae of the falcon, which we have quoted, occurs on p. 287 (1873).
On p. 265 he had written: “In birds the number of cones is in general far greater
than that of the rods, whilst in mammals the reverse obtains. In the retina of man
and the monkeys, as is well known, it is only at the yellow spot.that the cones
exceed the rods in number; at the centre of this acutely perceptive area the rods
entirely fail. The retina of birds resembles consequently the macula lutea of man
throughout its whole extent, in the relative proportions of the cones to the rods, and
this similarity is still further increased by the circumstance that the yellow oil globules
in the outer segments of the cones of birds correspond to the presence of yellow
pigment in the most sensitive area of the human retina.”

51 See Holm (1922), Nordenson and Nordmark (1928); the latter authors found no
ophthalmoscopic appearance of macular pigment in eyes immediately post mortem,
but neglected to employ red-free light.

.
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presence of heavier and perhaps more extensive deposits of pigment

than that of the human ; these cone-rich primates have an approach’

to the (anomalous) human condition known as ‘‘universal macu-
larity,”” and since the visual-cell pattern of their general fundus
is similar to that of the border of the human macula, a correspond-
ingly broad pigmented area would not be surprising. Nocturnal
primates, as is to be expected, have few or no cones, and have no
fovea or, at most, a slight fovea externa (Kolmer, 1930). In at
least one genus (Galago) a tapetum lucidum (Kolmer) and a
vertical pupil (Mann, 1931) are both present.

Spectroscopic investigations of the fresh macula have shown
that absorption is greatest in the violet and decreases regularly up
to the green-yellow (see Schultze, 1873; Greeff, 1900; Parsons,
1924). Individual variation in the amount of macular pigment is
considerable and within its limits are occasional cases of actual
blue-blindness (pseudo-tritanopia; see Parsons, 1924, p. 192).

There seems to have been no published speculation hitherto as
to the chemical nature® of the macular pigment, except by those
who deny its presence in vivo. Two distinct possibilities are,

however, indicated in the literature. The statement often seen, -

to the effect that brown eyes contain more macular pigment than
blue ones, appears to derive solely from the observations of
Huschke (1844)® If fully substantiated by enough additional
observations to eliminate chance, this would indicate that the
macular pigment is a form of melanin or a related pigment, subject,
like dermal and hair pigments, to genic control.

Arguing strongly against this, however, is the easy solubility
of the pigment in alcohol ; this suggests rather that the substance
is a carotinoid. Fully reliable microchemical tests for carotinoids
have not yet been devised for animal tissues (Palmer, 1922, and
recent personal correspondence), but indirect evidence on this point
might be derived from a study of the individual variation by means
of red-free ophthalmoscopy, and of the diet of the subjects. Cases
of icterus ex carotinaemia should also be examined. The variation
may then prove to have as its basis not the melanization of the
body, but the intake of carotinoid-rich foods.

52 The macular pigment has been called a “‘lac-dye”’ (see the American Encyclopedia
of Ophthalmology, p. 2407), but this term is not chemically specific.

53 On p. 727: “‘Seine Farbung ist im Auge von Kindern, blaudugigen, auch wohl
von sehr alten und noch mehr von Erblindeten, vorziiglich bei Aniaurotischen hellergelb,
als bei Erwachsenen, braunen und gesunden Augen.”” Huschke’s 1833-35 paper is
sometimes cited in this connection, but we find no such statement therein; careless
reading of the fourth paragraph on p. 19 (1833) is probably responsible.

Huschke unfortunately does not state whether the retinae were observed in situ
or isolated ; if in place against the background of the choroid, differences in appear-
ance in blue and brown eyes might well occur, but would not necessarily indicate
actual differences in the amount of the yellow pigment itself.
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Man, unlike some vertebrates (Palmer, 1922), absorbs carotinoids
unchanged; these pigments are circulated in the blood and
deposited in various tissues. The retina is known to be extremely
rich in Vitamin A (Holm and Bojesen, 1929 ; Yudkin, 1931 ; Smith
el al. 1931), and our present knowledge that carotin is convertible
into Vitamin A makes it seem probable that the mammalian retina
takes in carotinoid continuously. With this in mind, we may
tentatively interpret the macular pigment as a local deposit of
carotinoid allowed to accumulate® to serve a special purpose. It is
perhaps significant that the pigment is rarely present at birth (see
Schwalbe, 1874, p. 430).

We have made no observations upon retinal capillary networks.
Their probable effect as filters could be adequately gathered from
published data on the spectroscopy of thin layers of whole blood
and from the study of injected retinae, which we have not attempted
to prepare. As an intra-ocular filter the retinal circulation
admittedly plays a minor rble, but as Schultze insists, its influence
cannot be entirely disregarded.
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