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psychophysical result). The congenital hemeralope, as far as is known
(Schubert and Bornschein, 1952; Rendahl, 1958b; Riggs, 1958, the two latter
with literature), has a photopic ERG or a hardly measurable ERG (Riggs,
1954). This is why Dodt et al. hold the blue-sensitive elements in the human
periphery to be cones (see the discussion, Section IX). Ronchi and her
collaborators in the papers referred to (see especially Ronchi and Bittini,
1958) discuss intermediate forms between rods and cones, the cone-like
rods of Granit (1947) and possibilities of interaction.

The electroretinographic demonstration of blue-sensitive elements in the
hemeralopic human, eye as well as in normal man, is of particular interest
because no blue-sensitive photopigment has been detected by Rushton
(1958, 1959a) using his ophthalmoscopic method which, however, does reveal
pigments further towards the long wavelengths. Only the electroretino-
graphic approach has here proved sensitive enough to show that man, just
as most animals whose pigments are based on retinene, and vitamin A,
possesses blue-sensitive photopigments, one or several. Valuable contributions
may thus be possible by electroretinography, well handled.

¢. Further Cone Mechanisms

The other two humps on the curve of Fig. 44 indicate the existence of two
further cone mechanisms in the human eye within the region illustrated.
Rushton (1958, 1959%) summarizing his results with the ophthalmoscopic
method, presents definite evidence for two photopigments in the normal
human fovea, one, chlorolabe, with maximum in 540 mu which is the only
one this method reveals in the protanope (red-blind); the other one, erythrolabe
with maximum in 590 my (for further details, see Part II). Dodt ef al. (1958)
have also studied the protanope electroretinographically by the flicker
method and in good agreement with Rushton find the maximum to be in
540 mu. The response was of characteristic photopic type. What remains
when this is subtracted from the spectral sensitivity curve of the normal,
as determined in the same way, is clearly a red-sensitive substance with
maximum in fair agreement with Rushton’s erythrolabe with its maximum
at 590 my, though much narrower than the latter. This procedure is perhaps
too indirect for the conclusions drawn from it to be fully convineing, but,
when we recollect the narrow curve of Fig. 31 from the squirrel’s cone eye,
there is mothing inherently improbable in an electroretinographic deter-
mination giving a narrower spectral band than is obtained by a photo-
chemical method of approach.

d. Psychophysical Correlates

It is not intended to discuss these results from the psychophysical point
of view. They seem to be well reflected in psychophysical measurements
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of luminosity functions (see discussions by Dodt et al., 1958, and Rushton,
1958, 1959a) for psychophysical comparisons. On the other hand, by using
his method of increment thresholds (see Section IX) Stiles (1953) has been
able to detect several stable and well-defined mechanisms for wavelength
differentiation, a minimum of five, which is a result more like the one to be
expected from microanalysis of retinal mechanisms at different levels.
Considering that there are many aspeects of excitatory processes represented
at pre-psychological levels, and that cues from the receptors are emphasized,
suppressed and re-integrated several times over in a path as complex as
that of the eye, it is a fair expectation that different types of approach
should yield evidence of more phases than one in all these transformations.
We can probably do no more than try to erect solid structures of knowledge
by the different methods of approach and interconnect them by sensible
hypotheses.

C. FurTHER ASPECTS

Apart from ite use in clinical electroretinography for diagnostic and
prognostic purposes, the human BRG has proved of particular interest in
studies of the type now briefly reviewed, colour defects, hemeralopia, dark-
adaptation, flicker, not least because of the large body of psychophysical
knowledge that originally served to define the classical results in these fields.
If dark-adaptation has not been specially mentioned in relation to the ERG,
it is because work on this problem on the whole has yielded more with animals.
The same holds good for flicker, though as a tool it has been put to excellent
use by Dodt and his collaborators. One might add that the resonance method
of studying the flickering ERG with the aid of amplifiers, selectively tuned
to wanted frequencies, as introduced by Granit and Wirth (1953), has been
independently applied by Henkes (Henkes et al., 1956; Henkes, 1957, 1958)
to a study of the human ERG in normals and clinical cases. This method
may well in future prove useful for rapid surveys (cf. Riggs, 1958; Ingvar,
1959), especially for the study of photopic vision, though the findings have
to be checked by oscillography, at least in conditions when wave form
undergoes conspicuous changes. Flicker and dark-adaptation have both been
discussed in separate sections (VIII and X). Functions of area and intensity
studied with the aid of the human ERG will be found discussed in some detail
in the summaries of Johnson (1958) and Riggs (1958) as well as in a recent
paper by Ronchi (1958) who, with the aid of strong stimuli, has obtained
larger responses than any hitherto reported.

In conclusion, then, it is possible to agree with Riggs (1958) when he says
that “the human ERG has come of age to an extent that it can now be used
to measure photopic as well as scotopic activity within the eye. It is, however,
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a mass response and cannot yet be used for any such purpose as perimetry
or measurement of visual acuity. Its clinical and scientific value may well
lie in the fact that it indicates primarily the activity at the receptor and
bipolar levels of the retina. Its results can thus be compared with psycho-
physical judgements of phenomena that are dependent on the entire visual
system™ (p. 747).
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