mental output: under a variety of re-
inforcement schedules, enormous num-
bers of unnecessary responses are made
(8). Second, even when rewards are
freely presented without regard to spe-
cific responses, the rewarded animal
nevertheless acts as if it were producing
the reward: behavior is vigorous, con-
sistent, and stereotyped—that is, super-
stitious (9). These and the present
findings suggest that animals often emit
instrumental responses which reduce no
biological need and abolish no threat.
To make an animal press a lever for
food, one need not first deprive or
otherwise motivate the animal. The act
of producing food can serve as its own
motivation and, therefore, as its own
reward.

ALLEN J. NEURINGER
Foundation for Research on
the Nervous System, 36 The Fenway,
Boston, Massachusetts 02215
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Planetary Formation and Lunar Material

The indications (1) that “igneous”
lunar rocks are old, perhaps as old as
the meteorites, may lead to the sugges-
tion that the moon experienced a period
of intense volcanic activity early in its
history. I point out here that there is no
need for volcanoes to have occurred in
situ on the moon. Considerations of
angular momentum (2) show that plane-
tary material probably separated from
the sun when the radius of the latter was
considerably greater than its present
value. Current work on stellar structure
requires that the effective surface tem-
perature of the solar condensation be
substantially constant at 3500° to
4000°K during this phase, independent
of radius. Hence, for comparatively large
radii the luminosity would have been
very much greater than the present-day
value, so that primitive planetary ma-
terial could well have been considerably
hotter than would be estimated for ma-
terial at corresponding distances from
the present-day sun.

Quantitative consideration of the ang-
ular momentum problem suggests that
the planetary material separated from
the sun when the radius was ~ 2 X
1012 cm. Such material driven out to the

terrestrial distance of ~ 1.5 X 1013 cm
would be expected to experience tem-
peratures of ~ 3500 X (7.5)~%°K, which
is not much different from the tempera-
ture in volcanoes. Thermochemical de-
tails relating to this situation have been
reported elsewhere (3). Here I simply
remark that melting and chemical segre-
gation could have taken place within
the primitive planetary material, even
though this hot phase was short-lived,
~10% to 10% years. It will be of great
interest to see if the recently acquired
samples of lunar material establish the
existence of such a hot phase, and, if
so, to discover if any features of terres-
trial geochemistry, which have hitherto
been attributed to igneous activities on
the earth itself, really belong to the ini-
tial primitive phase of the solar system.
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Pyroxene Gabbro (Anorthosite Association):

Similarity to Surveyor V Lunar Analysis

The data from the alpha-scattering
experiment of Surveyor V in Mare
Tranquillitatis (/) resemble data from
average oceanic basalts with, however,
several major exceptions, principally Ti.
Turkevich et al. (I) concluded that
no common earth material provided a
match for these revised lunar data and
that perhaps special geochemical proc-
esses were required to produce the
lunar material.

One terrestrial rock type, however,
does bear a striking resemblance to
these refined data. Pyroxene gabbros,
late differentiates of major anorthosite
masses, are almost always titaniferous,
containing major amounts of sphene or
ilmenite, or both. Two typical analyses
from the Adirondack Mountains
(Table 1) are close to the Surveyor
data for all oxides except Na,O. The
observed plagioclase compositions in
these gabbros range from An 42 to
An 50 (2). Better agreement for Na,O
results if one simply postulates that
the lunar gabbros bear a more anor-
thite-rich plagioclase. If we assume an

An content of about 85 for the lunar
sample, then the analysis can be re-
computed (Table 2) with closer agree-
ment.

Thus, it appears that a better candi-

Table 1. Oxide compositions of lunar surface
(I) and of two pyroxene gabbros from
anorthosite masses in Adirondack Mountains
(2). Gabbro 1 is pyroxene gabbro facies of
gabbroic anorthosite from near Brown Pt.,
N.Y. Gabbro 2 is sphene gabbro pegmatite
from Wilmington, N.Y. Water and sulfur not
included here for either gabbro.

Oxide

Lunar Gabbro Gabbro
“gz)g}?ty) surface 1 2
SiO, 46.4 452 44.3
TiO, 7.6 6.9 9.6
AlLO, 14.1 11.8 13.2
FeO 12.1 15.5% 6.67
MnO 0.2 0.1
MgO 4.4 6.4 2.0
CaO 14.5 10.2 18.4
Na,O 0.6 2.1 2.8
K,O 0.5 0.4
P.O; 2 1.2
CO, 3 0.5
100.0 99.3 99.1
* Contains 1.6 percent Fe,0, recalculated to
FeO.

T Contains 1.4 percent Fe,0, recalculated
to FeO.
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Table 2. Oxide composition of Gabbro 1 (of

Table 1) recalculated for a plagioclase
composition of An 85.
Oxide
y Lunar
(% by Gabbro 1
weight) surface
Si0, 42.3 46.4
TiO, 6.9 7.6
Al 0, 14.4 14.4
FeO 15.5 12.1
MnO 0.2
MgO 6.4 44
CaO 12.5 14.5
Na,O 0.6 0.6
K.O .5
P.O, 2
CO, 3
99.8 100.0

date for the rock analyzed in Mare
Tranquillitatis is a gabbro or gabbroic
anorthosite possibly associated with
highly anorthitic anorthosite masses. If
this is true, the conclusions of Turkevich
et al. still hold. Anorthosite is not a
common terrestrial rock, and it in-
volves some special geochemical (or
petrological) processes, as witness the
past controversies involved in account-
ing for the major anorthosite masses
around the world.
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Mitochondrial Genetics:
A Conjecture

The genetics and phenogenetics of
mitochondria have been reviewed (I).
There may be a major implication for
mitochondrial genetics in higher orga-
nisms based upon the differences in
number of mitochondria contributed
by the sperm and the ovum. In the
mature egg, the number of mitochon-
dria is very great compared to that in
the sperm. It has been estimated that
the number of mitochondria in the sea
urchin ovum varies from 14,000 to
150,000 depending upon the species (2).
In Priapulus oogenesis, the number of
mitochondria increases from 5 to 8 in
the oogonia to 40,000 in the mature
oocyte (3). On the other hand, during
maturation of the sperm the number of
mitochondria decreases. In the sea ur-
chin a single mitochondria ring is pres-
ent at the base of the sperm head (4).
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Thus, the number of mitochondria
contributed by the sperm is much less
than that contributed by the ovum. In
instances where the midpiece does not
enter the egg, presumably all the mito-
chondria would be contributed by the
ovum.

The large number of mitochondria
in the ovum of a sea urchin is reflected
in the quantity of extractable DNA
having a density different from that of
DNA derived from the nucleus. The
amount of this DNA corresponds to
the number of mitochondria in the egg,
if one assumes that the DNA content
is the same as in most other mitochon-
dria derived from somatic tissues in
other species (5).

The above facts would imply that
the dosage of strictly mitochondrial
genes would be much greater from the
mother than from the father. Thus,
those proteins directly under mitochon-
drial control (at transcription) should
show a strong maternal characteristic.
One assumes that there are indeed such
genes in the mitochondria (see I, for
example). If new mitochondria arise
randomly from the existing mitochon-
dria, then there would be no preferen-
tial increase in the relative number of
mitochondria originally contributed by
the sperm. This would imply that the
number of such mitochondria would
never catch up during development to
the number of mitochondria derived
from the ovum.

From these facts and assumptions,
one can conclude that there should be
some properties of the mitochondria
which have striking maternal inherit-
ance. If there were a clinically mani-
fested lesion A in the F; generation
from a mother with A and a normal
father, all progeny would have such a
lesion. The F; daughters would trans-
mit the disease to all progency of the
F, generation, but the F; son would
have all normal progeny provided his
mate were normal. Because of the lack
of information concerning the role of
mitochondria in development, the lack
of knowledge of the gene loci of the
mitochondrial DNA and its relationship
to the nuclear gene loci, and the lack
of knowledge of the interplay among
individual mitochondria, the foregoing
comments remain only a conjecture.
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Uptake of Actinomycin by
Sea Urchin Eggs and Embryos

In experiments with *C-actinomycin
D, uptake and binding were measured
in sea urchin eggs and embryos before
and after hatching (/). Embryos at
various stages were exposed to the drug
at a concentration of 20 pg per milli-
liter of seawater for 45 minutes. Bio-
chemical and autoradiographic data
showed significant uptake after hatch-
ing and little or none before hatching.
These findings were discussed in rela-
tion to the fact that actinomycin D
inhibits protein synthesis in sea urchin
embryos beginning 6 to 8 hours after
fertilization, but not earlier in develop-
ment.

We have discussed these experiments
and their interpretation, and we agree
that the following comment ought to
be made: The hypothesis that eggs of
sea urchins (and of other forms) con-
tain untranslated (“maternal”) mes-
senger RNA depends in part upon ex-
periments with actinomycin (2). This
proposal is not invalidated by the up-
take results (/). It is supported by
data from experiments done without in-
hibitors of any kind (3). Actinomycin,
administered in doses of 20 to 50 ug
per milliliter of seawater for appro-
priate intervals to prehatching embryos,
produces characteristic effects upon the
polyribosomes (4), and it inhibits RNA
synthesis under these conditions (5).
Whatever the penetration rates, there-
fore, actinomycin exerts the metabolic
effects expected of it.
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