Table 1. Numbers of Drosophila pseudoobscura males [among 12 Arrowhead (AR) and 12
Chiricahua (CH) pairs] mating in the upper chamber. Early matings represent only the
first half of all matings observed. Chi-square values (1 d.f.) are calculated to test for devia-
tions from panmixia (from mating in proportion to frequency present).

Type in lower

Mating among males in upper chamber

chamber bzfxf/l:gn All matings Early matings }'{el’*
R _o o e oo oy mATme ica.
] o Chambers AR CH \ AR  CH . tions
Female  Male (No.) (No) X (No.) (No.) X (No.)
CH CH Yes 48 52 0.16 21 30 159 s
CH CH No 63 39 5.65% 28 24 031 6
AR AR Yes st 54 0.09 26 27 002 6
AR AR No 37 64 7221 20 32 277 6

* Significant, P < .05. T Significant, P < .01.

Table 2. Numbers of Drosophila pseudoobscura females [among 12 Arrowhead (AR) and
12 Chiricahua (CH) pairs] mating in the upper chamber. Early matings represent only the
first half of all matings observed. Chi-square values (1 d.f.) are calculated to test for
deviations from panmixia (from mating in proportion to frequency present).

Type in lower

Mating among males in upper chamber

o chamber ngggn All matings Early mating§ B Ef}::
hambers O
Female Male 0" AR CH , AR CH . tions
(No.)  (No.) X (No.) (No.) X (No.)
CH cH Yes 51 49 0.04 18 33 441% 5
cH CH No 49 53 0.16 25 27 0.08 6
AR AR Yes 50 55 0.24 21 32 2.28 6
AR AR No 52 49 0.89 25 27 0.08 6

Significant, P < .05.

Here the designation “space” indicates
the addition of somewhat less than 1
cm of space between the upper and
lower levels. This much space, between
two taut layers of coarse cheesecloth,
prevents physical contact between flies
in the upper and lower chambers. A
comparison of early and total matings
may be of interest because, whereas a
female can mate only once during the
3 hours of observation, a male can mate
more than once. Both times that sig-
nificant deviation from random mating
occurred, it was in favor of the artifici-
ally rare males and there was no space
separating the “contaminee” flies be-
low from the “contaminated” flies
above. Where there is space between
the two sections random mating occurs
(Table 1). Drosophila females do not
exhibit frequency-dependent mating
success as do males and all are even-
tually inseminated (Table 2).

These data are in agreement with
previous observations [(5) and Table 1].
They indicate the importance of physical
contact (touch) to discriminating Dros-
ophila females when they arc presented
with a choice of mates. However, it
should be noted that the mating ad-
vantage accruing to artificially rare
males is smaller than that observed
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when there is a genuine minority among
the courting males (/-5).

If two or more genotypes arc each
more successful in mating when they
are rare than when they are frequent,
the Darwinian fitness of these geno-
types will grow as their frequencies di-
minish and vice versa (2), if other vari-
ables remain unchanged. The result will
be a balanced polymorphism which can
be maintained by sexual selection in
the absence of heterosis in the heterozy-
gotes. If this phenomenon is at all
widespread in natural populations, it
may play a very considerable role in
evolution, bolstering genetic diversity
(6).

Lee EHRMAN
Rockefeller University,
New York City 10021
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Blue Haze and Mariner 6
Pictures of Mars

The preliminary report on Mariner
6 television pictures (I) indicates that
surface craters were recorded in blue
pictures (effective wavelength, 469 nm).
The authors state categorically, “the
‘blue  haz¥’> hypothesis is disproved”
thereby.

This is not a credible conclusion on
two grounds.

. 1) The effective wavelength used on
Mariner 6 and 7 is too long to reveal
the blue haze phenomenon. Slipher (2)
reports that little obscuration of surface
features is found in the range 460 to
520 nm while notable obscuration oc-
curs with an effective wavelength of
430 nm and still more is recorded below
400 nm. Opik (3) adopts a range of
425 to 455 nm as the critical one where
surface detail disappears. Thus it is
clear that the effective wavelength used
on the recent Mariners was definitely
larger than those identified as repre-
senting the upper limit for detecting the
phenomenon on earth-based telescopic
photographs.

2) The features recorded telescopi-
cally are large compared with those re-
corded by the Mariner spacecraft. Since
they represent an average over the dis-
crete elements (such as craters) re-
vealed by the Mariners, it is virtually
inevitable that the telescopic features
arc inherently lower in contrast than
thosc seen by the Mariners. Thus, a
thin “blue haze” could exist that would
obscure the gross telescopic features
while permitting the higher-contrast
small features to be recorded.

It is of some interest that earth-based
blue photographs which fail to record
the semipermanent dark features on
Mars do characteristically show the
polar caps. Thus it is clear that high-
contrast features are easily recorded.
This fact has led those who advance the
hypothesis of a haze layer (be it scatter-
ing or absorbing) to conclude that it
has a low optical thickness of perhaps
0.1 to 0.2.

A particulate haze layer would be
expected to have optical thickness vary-
ing as about the inverse first power of
wavelength. Thus, if the above frac-
tional thicknesses are assigned to 400
nm, one expects about double that value
at 200 nm. This would be a value below
unity, and one would expect that the
polar caps would still be detectable. I
am informed that unpublished results
obtained from the Mariner 7 ultraviolet
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spectrometer indicate the cap was de-
tected at about 190 nm, a result that
is still compatible with a blue haze
layer.

There seems to be nothing in the
preliminary results from Mariner 6 and
7 that clearly eliminates the hypothesis
of an optically thin, particulate, scatter-
ing layer commonly referred to as “blue
haze.” More complete results will, of
course, be awaited with interest.

SEyMouUR L. HEss
Department of Meteorology,
Florida State University,
Tallahassee 32306
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Conditions on Mars on 10 June
1969 provided a unique opportunity
to examine the phenomenon of blue
clearing which was very strong on that
date, but only over part of the disk.
By observing both the normal and the
“blue cleared” part of the disk simul-
taneously and by constructing curves
of contrast as a function of wavelength,
it is possible to show that the blue
clearing is due to an actual change
in the contrast conditions on Mars.

I obtained photometrically accurate
intensity profiles of Mars in two colors
simultaneously with a newly designed
dual-beam area scanning photometer.
An aperture (1.2 seconds of arc in
diameter) was swept across the plane-
tary image from pole to pole. The
light which passed through the aperture
was split into two beams by a dichroic
filter. One beam passed through an
interference filter with a peak wave-
length of 6000 A. This served as a
reference beam. The other beam passed:
through one of ten filters with peak
wavelengths ranging from 3300 to
5000 A. Photomultipliers and pulse-
counting electronics recorded the in-
tensity of both beams, yielding direct
intensity scans of a strip of the plane-
tary image 1.2 seconds of arc wide.

The photoelectric observations were
obtained alternately with photographic
images (1) at the same telescope. Dark
features become less apparent in the
scans (Fig. 1) at the bluer wavelengths.
Blue photographs normally fail to
show the dark regions with good con-
trast, but since part of the Mare
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Cimmerium is very clearly visible on
the blue photograph (Fig. 2), at least
part of the martian disk exhibited a
high degree of blue clearing on 10
June. However, Trivium Charontis in
the center of the disk is obscured in
the blue image, as is normal for pho-
tographs taken at this wavelength with
no blue clearing present.

Defining the contrast of the dark
features as the ratio of the intensity
at the center of the dark area to the
intensity just outside the dark area as
measured on the photoelectric scans,
the contrast, at least for the dark fea-
tures reported here, is a linear func-
tion of wavelength (at the wavelengths
we studied) whether or not clearing is
present (Fig. 3). On 4 July, when no
blue clearing was evidenced on photo-

graphs, the contrast curve for Mare -

\ 5000 A

4600

4000

3300

Cimmerium was almost identical with
the 10 June (obscured) curve for
Trivium Charontis, whereas on 10
June, when the photograph showed
strong local blue clearing, the con-
trast curve for Mare Cimmerium was
shifted toward the ultraviolet, not
reaching wunity until 3800 A. Thus,
the phenomenon of blue clearing is due
to a change in the physical character-
istics of the martian atmosphere or
surface and is not, as has been sug-
gested by Pollack and Sagan (2), due to

~seeing variations in the earth’s atmo-

sphere.

In addition, the contrast curves ob-
tained for dark regions when no blue
clearing was present on photographs
still do not reach unity until a wave-
length of about 4200 A (Fig. 3).
Hence, under normal conditions it

Instrument
response

6000 A

Fig. 1. Polar intensity profiles (N-S scans; 10 June 1969; 0608 to 0640 U.T.; L.C.M.
— 210) of Mars at five wavelengths showing Trivium Charontis near the center and
Mare Cimmerium at the left as dips in the profile. North is to the right. Mare
Cimmerium is evident in the 4000-A curve, but Trivium Charontis has vanished
at that wavelength due to the effects of nonuniform blue clearing.

Red Blue

Green

Fig. 2. Red, green, and blue photographs (at effective wavelengths of 6200, 5560,
and 4340 A, respectively) of Mars obtained at the same time as data in Fig. 1,
showing a high degree of blue clearing over the lower third of the disk as indicated
by the visibility of the dark Mare Cimmerium on the blue photograph. North is
at the top. Trivium Charontis is the dark marking at the center of the disk in the red
photograph.
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Fig. 3. Contrast of dark surface features
on Mars. The curve for Mare Cimmerium
on 10 June (solid circles) was taken at a
time of strong blue clearing. The other
two curves (Mare Cimmerium on 4 July,
open circles; Trivium Charontis on 10
June, triangles) were taken when no blue
clearing was present.

scems that the “blue haze” does not
completely mask the surface features
except at wavelengths shorter than
4300 A. It should more properly be
called a violet haze.

In view of this, the statement (3)
that “the blue haze hypothesis has
been disproved” by Mariner 6 photo-
graphs needs to be reconsidered. The
Mariner 6 blue filter had an effective
wavelength of 4690 A (3). At this wave-
length, even in the absence of blue
clearing, the dark surface markings
remain visible from the earth, although
with low contrast (Fig. 3). Thus, the
presence of craters in the blue Mariner
photographs is not in itself sufficient
to rule out an atmospheric origin for
the “blue haze.” '

PETER B. Bovcr
Lowell Observatory,
Flagstaff, Arizona 86001
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Hess (I) and Boyce (2) have ques-
tioned a statement that the martian
blue haze hypothesis, historically in-
voked to explain the invisibility of sur-
face features in blue light, is disproved
(3). Hess says (i) that the effective
wavelength of the Mariner 6 and 7 blue
filters is too long to reveal the bluc haze
phenomenon, and (ii) that the craters
observed in the Mariner blue photo-
graphs are of higher contrast than the
larger albedo features seen from the
earth. Boyce reports contrast changes
in his spectrophotometric measures of
martian surface features and interprets
these changes as the variable opacity of
a “violet” haze. He also says that the
effective wavelength of the Mariner

- blue filters is too long to test the blue

haze hypothesis.

We now reassert our original comn-
clusion, and, while acknowledging that
optically thin aerosol layers do exist in
the martian atmosphere, we contend
that their optical thickness is not of
the order of 0.1 to 0.2 as suggested by
Hess (7). Our preliminary measures in-
dicate that the aerosol thicknesses are
in fact less by nearly a factor of 10,
implying that any obscuration would be
negligible and that most of the light in
blue photographs of Mars comes {rom
the surface—not from its atmosphere.

Contrary to references quoted by
Hess (7) there is no critical wavelength
at which martian surface detail disap-
pears. Contrast between the larger
bright and dark areas decreases nearly
linearly throughout the range of wave-
lengths from 600 to 400 nm, with thc
average contrast becoming zero at about
400 nm (4). Our measured contrasts of
wavelength-dependent albedo features
recorded in the Mariner 6 and 7 photo-
graphs (5) are in very good agreement
with the earth-based observations (4),
thereby negating any suggestion of un-
usual conditions at the times of en-
counter of the two spacecraft.

The Mariner photographs show two
photometrically  different types of
craters: those distinguished by wave-
length-dependent albedo differences,
and those made visible by nonwave-
length-dependent  surface scattering
properties or photometric slope effects.
The first type exhibits visibility proper-
ties similar to the larger classical dark
features observed from the earth—
easily seen in the red or green photo-
graphs, but nearly invisible on the
overlapping blue pictures. The second
type is seen equally well (or equally

poorly, depending upon solar illumina-
tion angle) in the overlapping areas of
red, green, and blue photographs. Al-
though photometric decalibration of the
Mariner photographs is still incomplete,
we see no significant difference in the
visibility of these features in green and
blue light.

The contrast curve of Mare Cim-
merium (10 June 1969) given by Boyce
(2) is in general agreement with similar
measures of Syrtis Major/ Arabia (4),
although he shows somewhat higher
contrast in the wavelengths from 400 to
500 nm. The contrasts given for Cer-
berus (6) (10 June 1969) and Mare
Cimmerium (4 July 1969), however,
are abnormally low and require some
comment. The case of Cerberus is
casily explained—the effective width of
the point spread function of the spec-
trophotometer given by Boyce (2) for
10 June 1969 is at least four times the
width of Cerberus (0.65”) along the
scan direction. The low contrast is
simply a matter of insufficient geomet-
ric resolution. The 4 July observations
of Mare Cimmerium (3” along the
scan direction) are more difficult to ex-
plain. However, examination of 160
plates of the Mare Cimmerium region
taken between 27 March and 28 Sep-
tember 1969 at the New Mexico State
University Observatory shows no anom-
alous appearance, and this includes
the dates of 10 June and 4 July. We
can only conclude that Boyce’s 4 July
anomaly was caused by smearing effects
of the earth’s atmosphere at the time
of his observations.

B. A. SMiITH
New Mexico State University,
Las Cruces 88001 '
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University of Washington, Seattle
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