Two-Photon Decay of Metastable Hydrogenic Atoms

In a recent review of beam-foil tech-
niques, Metz (I) discussed the work of
Marrus and Schmieder (2) on the two-
photon decay of the metastable 225, ,,
state in Ar XVIII. In this discussion
Metz stated that they . . . have con-
firmed the applicability of the nonrela-
tivistic theory of quantum mechanics
to the description of a particularly
long-lived state in one-electron argon.”
While this is correct, it should be
noted that all the essential features
of the theory of the decay of this state
of hydrogenic atoms were verified by
the present author and his colleagues
many years ago in a series of experi-
ments on the helium ion. This work

culminated in the first observation of

two-photon spontaneous emission.

In 1965 (3) we reported on the direct
detection of the two-photon emission
with a photon-coincidence-counting
technique. In this experiment a slow
beam (12 ev) of metastable ions was
viewed in vacuum by two high-speed
photon detectors. Coincidences were ob-
served between the two detectors, and
the angular correlation of the coinci-
dent photons was observed. The elec-
tron bombardment excitation threshold
for the state producing the coincidences
was shown to be 65 ev, as was expected
for the 225, ,, state of He+. It was also
shown that if microwave transitions
were induced from the metastable
225;,5 to the short-lived 22P,,, state,
the coincidences disappeared, which
confirmed that they arose from the
long-lived 22§,,, state. As indicated
above, this experiment completely estab-
lished the two-photon nature of the de-
cay of the hydrogenic metastable state

of the helium ion and was, in fact, the
first observation of spontaneous two-
photon emission. In later work (4) the
spectrum of the two-photon emission
was studied. While this work was limited
by counting statistics, we were able to
establish the gross features of the two-
photon spectrum. These observations
and a general review of the entire prob-
lem of the metastable hydrogen atom
have been published (5).

In 1962 (6) we showed that the pop-
ulation of metastable helium ions de-
creased by 20 percent during a 400-
psec transit in an ion beam apparatus.
This showed that the lifetime of the
state is about 2 msec, in excellent agree-
ment with the theoretical value of 1.9
msec predicted by Breit and others (7).
This apparatus has been completely re-
built, and C. Kocher, J. Clendenin, and
the author are presently making obser-
vations on the lifetime that should yield
a result with an accuracy of 1 percent.

R. Novick
Columbia Astrophysics Laboratory,
Departments of Astronomy and Physics,
Columbia University, New York 10027
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Eye Marks in Vertebrates as Aids to Vision

Ficken, Matthiae, and Horwich (I)
have put forward the suggestion that
the patterns of lines and circles around
the eyes of various vertebrates may
serve as aids to vision. In particular,
they suggest that lines pointing forward
from the eye could act as “lines of
sight” which help the animals to track
and capture swiftly moving prey.

“Sighting” normally implies the mo-
nocular alignment of two or more ex-
ternal objects so that their images fall
in the region of most distinct vision of
the observer’s retina—that is, the fovea.
Quite a different process is involved in
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‘the task under consideration, where the
animal must estimate the course of a
moving object prior to interception.
Binocular stereoscopic information from

both eyes will be used, together with"

the various monocular cues to distance
(2), to estimate the instantaneous posi-
tion and course of the prey. For this
estimate to be as accurate as possible,
vision in the binocular field should be
reasonably acute, a fine retinal mosaic
being combined with a good accom-
modation mechanism. It is striking that
those birds feeding on swiftly moving
prey, which constitute the bulk of the

evidence cited in (), have visual systems
with these properties, rather than nec-
essarily being distinguished by eye
stripes. The various hawks and eagles,
swallows, - many bitterns, and various
passerine wing-feeders all possess good
overlapping binocular fields and have
eyes which each have two fovea (3).
The central fovea serves for monocular
vision in a lateral direction, while a
second fovea in the temporal quadrant
allows good quality binocular vision in
the forward direction, the latter pre-
sumably being of prime importance in
the pursuit and interception of prey.
The accommodation mechanism of such
species is also very efficient (4). The
retinal images of any eye stripes, will,
because of the limited depth-of-focus
of the eye, only appear as broad
blurred patches and it is difficult to see
how these could enhance feeding effi-
ciency.

The suggestion made by Ficken
et al. (1) that the light-colored circles
around the eyes of some species act
as light-gathering devices is also difficult
to support. The vertebrate eye is an
image-forming device which relies es-
sentially upon the ability of the cornea
and lens to bring light from an object
to a sharp focus on the retina. Any
light scattered or reflected into the eye
from a surrounding eye circle would
thus simply serve to reduce the contrast
of the retinal image and hence diminish
rather than enhance its quality. On this
basis, as is pointed out by Ficken et al.,
dark areas in the neighborhood of the
eye may indeed serve to reduce un-
wanted scattering or reflection of light
into the eye; however, there is little
statistical evidence to support the sug-
gestion that such dark eye patches are
significantly more common in those
species living in bright habitats than in
those living elsewhere.

To summarize, with regard to the
optics of the eye and other factors, it
appears unlikely that visual efficiency
can be significantly enhanced by the
eye markings present in some species
of birds; the same conclusions apply in
the case of other vertebrates. It is much
more probable that eye markings are
mainly important for the recognition of
species, sex, and age, in the same way
as the black “moustache” of the yel-
low-shafted flicker (Colaptes auratus)
serves to distinguish it from the female
(5), or as disruptive camouflage.

W. N. CHARMAN
6, Hollins Green Road,
Marple, Cheshire, England
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We have suggested that lines from
the eye to the mouth or beak aid small
vertebrates in aiming on prey. Support
for this hypothesis is based on the posi-
tion of the lines and on ecological evi-
dence; for example, eye lines are more
often present in predaceous species than
in nonpredaceous species. Charman
contends that it is unlikely that eye
lines function in aiming because bin-
ocularity in certain predaceous species
using temporal foveae would make it
difficult to sight along the line and
eye lines would be blurred due to
limited depth-of-focus.

Most small vertebrates with eye lines
feed with a quick stereotyped strike
over a short distance with little or no
correction once the strike has begun.
The prey, although capable of swift
movement is often stationary during the
strike. The birds which Charman indi-
cates as feeding on the wing are not
feeding in the way which we indicate
is usual for species with eye lines.

As Charman points out, predators
which feed on the wing have a tendency

. for enhanced binocularity. However, in
other avian species more monocularity
is characteristic (). Lizards, some
species of which have eye lines, typically
have binocular fields of only 10 to 20
degrees. Such species are attacked by
larger predators, which may have been
one of the selection pressures for later-
ality of the eyes and consequent monoc-
ularity (2).

In contrast to Charman’s statement
on limited depth-of-focus in birds,
Pumphrey (3) states that the shorten-
ing of focus in small birds is “rapid and
ample” and that the act of accommoda-
tion is accompanied by pupillary action
which increases depth-of-focus. Birds
can probably see the eye lines since
they typically have two to five times
the accommodation abilities of man (4).
Small species have some advantages in
vision as compared to larger species;
they have a closer commencement
point, not needing accommodation un-
less the object is very close, and the
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small eye has a much greater depth-of-
focus than the larger eye (2). In addi-
tion, the properties of the eye line may
enhance vision. The frequent setting of
the dark stripe on a light background
or overset by a light line introduces the
phenomenon of simultaneous contrast
(5). Often the eye line is wide at the eye
and narrows at the beak or snout,
which along with the increasing distance
from the eye, would emphasize the tip
of the line.

Charman suggests that the main func-
tions of such lines are in species or
sexual recognition or in disruptive
camouflage. In wood warblers, for ex-
ample, if the eye lines are used as
species or sexual recognition marks, the
following must be taken into account:
(i) ‘Why do closely related sympatric
species have rather similar eye lines
(although the rest of their facial pat-
terns is usually very dissimilar)? (ii)
Why are eye lines present in immature,
female, and nonbreeding plumages as
well as male plumages in many species?
Although overall facial patterns proba-

bly do function in recognition, it seems
doubtful that the relatively inconspicu-
ous eye lines would have primarily this
function. To be disruptive the lines
would have to nearly cover the eye,
which is usually not the case.
RoOBERT W. FICKEN
Department of Zoology,
University of Wisconsin—Milwaukee,
Milwaukee 53211
PauL E. MATTHIAE

Field Station,

University of Wisconsin—Milwaukee
Saukville 53080
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Emmonsiella capsulata: Perfect State of Histoplasma capsulatum

Kwon-Chung (I) has reported the
observation of sexual reproduction in
Histoplasma  capsulatum. Extensive
studies of the ascocarp revealed that
the perfect state of H. capsulatum,
though resembling Ajellomyces derma-
titidis (2) differs sufficiently from all
previously known genera to warrant its
description as a new genus in Gymno-
ascaceae. The detailed description of
the development of the ascocarp, proof
of heterothallism and the results of
pairing between soil and human isolates
of different geographic origins are in
preparation. The purpose of this note
is to provide the Latin diagnosis of Em-
monsiella capsulata, the perfect state of
Histoplasma capsulatum.

Description
Emmonsiella Kwon-Chung, gen. nov.

Cleistothecia e globosa subglobosa vel
irregulariter stellata; peridium spiris ra-
diantibus ex origine ascogoniali constitu-
tum: hyphae sinuatae reticulatae e spiris
enatae; asci piriformes usque ad clavati,
ascosporas octo globosas continentes.

Cleistothecia globose to subglobose or
irregularly stellate, buffy at maturity.
Peridium composed of septate, tight coils
radially arising from ascogonia and sinu-
ate, septate hyphae which form a reitcu-
lum and originate from the coils. Asci
pear- to club-shaped with eight globose
ascospores.

Emmonsiella capsulata
Kwon-Chung, sp. nov.

Fungus heterothallicus; cleistothecia e
globosa subglobosa vel irregulariter stel-
lata lutea 80 ad 250 um diametrum; peri-
dium spiris radiantibus exorigine ascogo-
niali 1.7 ad 3 um diametrum, 30 ad 100
wm longis constitutum; hyphae sinuatae
reticulatae 1.4 ad 2 um diametrum e spiris
enatae; asci piriformes vel clavati 3 ad §
X 10 ad 16 um, octospori; ascosporae
hyalinae glabrae globosae 1.5 ad 2 um
dimetrum.

Status conidicus: Histoplasma capsula-
tum Darling, 1906.

Heterothallic fungus—Cleistothecia
white, globose at first becoming buffy,
subglobose to irregularly stellate, 80 to
250 ym in diameter. Peridium composed
of two distinct structures: tightly coiled
septate hyphae ranging from two to ten,
usually three to five, arising radially from
the ascogonium; sinuate septate, anastomo-
sing hyphae, branching from the coils. The
coils, 1.7 to 3 um in diameter, 30 to 100 um
long, buffy with 0.8- to 1-um thick inner
wall and 0.3- to 0.5-um thick outer wall,
frequently grow beyond the margin of the
sinuate peridial hyphal net, forming the
arms in stellate ascocarps. The sinuate
hyphae arise from the outer wall of the
coils and tend to branch dichtomously
and anastomose to form a netlike mesh
of myecelium covering the ascogenous
hyphae and the most part of the coils.
Asci eight-spored, club- to pear-shaped, 3
to S by 10 to 16 um with straight or
curved base. Ascospores hyaline, globose,
smooth, 1.5 to 2 um in diameter.
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