“My Mom, the Professor”

Why isn’t this phrase heard more often in
the technologically most advanced country
in the world, especially in the laboratory
sciences like chemistry or physics? Is it a
peculiarity of the discipline? Is it because
there are so few women chemistry and phys-
ics professors in the upper ranks of acade-
mia? Or is it also due to the time demands of
responsible motherhood and the 60- to 80-
hour macho work weeks required of males
and females alike during their pretenure life?
Is it the ticking of the biological clock as the
young woman receives her Ph.D. or M.D.
degree around the age of 27, completes her
postdoctorate stint near her 30th birthday,
and enters, as assistant professor, the 6-year
race toward academic tenure in competition
with her male colleagues? When should
these superwomen decide to become super-
moms?

“Yet there are countries in which there are
many more women (and mothers) among
‘the higher academic ranks of scientists than
in the United States. Argentina and the
Philippines are two examples. The reasons
for these differences are complicated, but
one of them is the availability and affordabil-
ity of domestic help, which permits raising
an infant at home rather than having to
depend on institutionalized childcare.

Now that the American stigma of the
working mother is rapidly disappearing,
now that it is recognized that women are the
largest untapped human resource in science,
and now that more women graduate stu-
dents are entering scientific disciplines from
which they were earlier barred by cultural or
operational factors, is it not time to take
steps that would facilitate their decisions
about childbearing and rearing? Let me offer
one modest proposal along those lines:

The bright young woman Ph.D. or M.D.
has no difficulties these days securing fellow-
ship support. In the majority of American
universities, she can now compete openly
for entering assistant professorship posi-
tions. What most cannot afford during that
period is raising a child. Why not make
available—on a competitive basis related to
professional promise or performance—5-
year grants (at a level of about $20,000 to
$25,000 per year) for domestic childcare
support? A woman scientist would be eligi-
ble to apply as soon as she has secured a
postdoctoral or junior academic position,
but actual payment and start of the 5-year
grant would only commence a couple of

10

months before the expected birth of the
baby. Would such a program stimulate some
promising young women scientists to be-
come mothers at a time when they would
otherwise feel they could not afford it?
Would such financial support attract some
women into demanding scientific careers
when they are otherwise not prepared to do
so because of their desire for childbearing
and childcare in the home?

I propose a pilot program on the order of
$1 million whereby a foundation or govern-
ment agency would initially commit itself to
fund perhaps ten such 5-year grants. It
would signal to American professional
women that childbearing is not considered a
biological burden but rather a societal bene-
fit deserving societal support. The number
of actual applicants will indicate whether
such a scheme fulfills an unsatisfied need. At
the end of the trial period, or perhaps when
the majority of initial grantees have passed
beyond 3 years of support, the recipients
will be asked to report to what extent such a
program has actually facilitated their deci-
sion to become mothers at an earlier age or
to even have children at all. If successful,
such a program could then be enlarged and
be made a permanent component of our
science grant programs. It might even en-
compass other disciplines where the time
demands of the profession and the obliga-
tory absence from the home have also
proved to be impediments to motherhood.
“My mom, the professor” might then be
heard more frequently.
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Arctic Dinosaurs and Terminal
Cretaceous Extinctions

E. Brouwers et al. (Reports, 25 Sept., p.
1608) present fascinating evidence suggest-
ing that hadrosaurid, tyrannosaurid, and
troodontid dinosaurs inhabited, on a year-
round basis, an area located north of the
Late Cretaceous Arctic Circle. They logically
infer that these dinosaurs were able to sur-
vive weeks or months of total darkness,
reduced temperature, and (for the hadro-
saurids) reduced food supply. This informa-
tion is of great value to our understanding
of dinosaur ecology.

Unlike Brouwers et al., I do not believe
that this evidence tests the hypothesis that
dinosaur extinction resulted primarily from
darkening of the earth caused by atmospher-
ic dust (the latter resulting from volcanism
or meteor impact). Most dinosaurs inhabit-

ed areas normally unaffected by lengthy
periods of darkness, and thus would not
have been preadapted for survival during the
catastrophe. Even Arctic dinosaurs would
have been affected detrimentally by any
event that either increased the length of the
dark season or created a second period of
darkness (and thus a second lean period for
herbivores) during a single year. Only a
catastrophe beginning during the earlier
part of the normal season of darkness would
be expected to have had minimal effect on
populations of Arctic dinosaurs.

It appears, then, that the new data slightly
constrain the time of year at which a termi-
nal Cretaceous catastrophe may have oc-
curred, but do not invalidate or cause seri-
ous problems for a model of extinction that
incorporates long-term darkness as a factor.
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Although my work is cited by Brouwers et
al. as they suggest temperature parameters
for the occurrence of Cretaceous dinosaurs
on the Alaskan North Slope, I disagree with
some of their statements on the probability
of freezing temperatures on the North Slope
during the Late Cretaceous and question the
relevance of Alaskan dinosaurs to Creta-
ceous-Tertiary (K-T) boundary extinctions.
Moreover, I emphasize that the latest Creta-
ceous temperature estimates for the North
Slope on the basis of paleobotanical data
have a degree of uncertainty that is com-
pounded by long-term temperature fluctua-
tions and the uncertainty of the precise age
of the dinosaurs.

One estimate for the Campanian (1),
which is consistent with latitudinal tempera-
ture gradients at lower latitudes, is a mean
annual temperature (MAT) of 8°C and a
cold month mean (CMM) of 4°C; other
North Slope data suggest an MAT some-
time during the late Campanian or the
Maestrichtian, or both, of 2° to 6°C (2),
which allows a CMM near or somewhat
below 0°C. The CMM of —11°C from (2) is
an absolute minimum and not a suggested
CMM because the climate was maritime (3);
and, as emphasized by Brouwers er al.,
depends on inferences concerning inverte-
brates. Further, lower latitude early Maes-
trichtian plants show evidence of a cooler
climate than the Campanian, with the late
Maestrichtian being warmer than the Cam-
panian (1). If the dinosaurs described by
Brouwers et al. are late Maestrichtian, they
may have lived in a CMM of more than 4°C.
The discussion by Brouwers et al. does not
consider all these variables or the fact that
the long Arctic winter night lacks diurnal
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temperature variations. Present climates that
have a 2° to 4°C CMM (the estimate accept-
ed by Brouwers ez al.) occur south of 55° N,
at lower latitudes than the paleolatitude of
70° to 85°N inferred for the Late Cretaceous
North Slope. At lower latitudes, diurnal
temperature variations occur throughout
the year, and a 2° to 4°C CMM invariably
produces freezing. If, however, total dark-
ness prevails, diurnal temperature variations
and freezing would be absent with a CMM
of 2° to 4°C.

If Alaskan dinosaurs overwintered [see
also (3) for alternatives] and tolerated a
CMM of 2° to 4°C, perhaps by reducing
activity as suggested by Brouwers ez al. and
others (2, 3), this does not necessarily imply
that dinosaurs could have tolerated tempera-
tures at the K-T boundary, which in the
Western Interior are inferred to have
reached a mean of near 0°C for 1 to 2
months (4). Although diurnal temperature
variations would be greatly reduced by a
dust cloud, even small variations should
produce subfreezing temperatures. Further,
whereas overwintering Alaskan dinosaurs
presumably had an extended period of meta-
bolic adjustment to gradually decreasing
temperature, the temperature excursion at
the K-T boundary would have started with-
in hours after the presumed impact (5), and
the first few days would have created a
metabolic crisis.
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Response: Galbreath suggests that the oc-
currence of dinosaurs on the North Slope
does not test the hypothesis relating their
extinction to the terminal Cretaceous event.
He correctly states that the potential ability
to survive a Cretaceous winter in the Arctic
would only be of value if the hypothesized
catastrophic darkening of the earth by a dust
cloud occurred at the beginning of the Arc-
tic winter. Otherwise, an extended cold sea-
son would put the animals in a position of
needing to survive an extended lean period.
Thus, Galbreath believes that North Slope
dinosaurs constrain the season in which the
catastrophe occurred. We too considered
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this important factor, but realized that dino-
saurs also lived in the Southern Hemisphere
(1). A catastrophe that extended the North-
ern Hemisphere winter would fall at the
beginning of the Southern Hemisphere win-
ter, thereby leaving those dinosaurs mini-
mally affected. That dinosaurs gradually be-
came extinct through the Late Cretaceous
(2) may decouple the extinction mecha-
nism(s) from the terminal Cretaceous event.

Galbreath notes that most Cretaceous di-
nosaurs inhabited environments in lower
latitudes. Indeed, the most interesting as-
pect of the Alaskan dinosaur population is
that they constituted a marginal population
living in an environment characterized by
extreme seasonality. We would not expect
similar responses to ecologic perturbations
from low- versus high-latitude populations.
The Alaskan dinosaur population should
have been able to survive the dark and cold
conditions of the terminal Cretaceous.

We agree with Wolfe that paleotempera-
ture estimates for the North Slope based on
plant megafossils have a degree of uncertain-
ty, but for different reasons. Our cold mean
month (CMM) estimate of 2° to 4°C was
intended as an approximate upper limit in
contrast with the lower limit of —11°C. We
disagree with his assertion that if the CMM
was above freezing, temperatures below 0°C
would not occur during a 3- to 4-month
night. Wolfe’s extrapolation of CMMs from
lower latitudes is inappropriate precisely be-
cause of diurnal temperature variations.

If we assume present obliquity (3) and
approximate coincidence of the Maestrich-
tian rotational and paleomagnetic poles (4),
the Cretaceous North Slope experienced
from 2 to 4 months of winter darkness
(excluding twilight), depending on paleola-
titude (5, 6). Diurnally induced freezing
conditions at modern lower latitudes with a
CMM of 2° to 4°C are due to lack of
insolation for nights of less than 18 hours in
duration. With nights that are 3 or 4 months
long, the lack of insolation results in a
gradual temperature decline throughout the
winter (6). Modern-day winter diurnal tem-
perature variations at high latitudes, howev-
er, are even greater than during the summer
(6) because of storm-induced atmospheric
turbulence due to the enhanced pole-to-
equator thermal gradient created by dark-
ness at the pole (7). The Cretaceous CMM
of 2° to 4°C, therefore, implies that occa-
sional freezing conditions are probable. The
winter cold may have been punctuated by
pulses of warmth transported to the North
Slope by high-latitude storm penetration
(7). Temperatures during the coldest month
were unlikely, therefore, to have been as
constant as Wolfe implies. Linear or near
linear extrapolation of CMM temperatures

from latitudes experiencing winter darkness
of less than 24 hours in duration to environ-
ments subject to 3 to 4 months of darkness
is inappropriate.

In the Cenomanian, where a North Slope
mean annual temperature (MAT) of approx-
imately 10°C has been inferred, minimal
organic degradation (8) in conjunction with
other evidence, suggests winter tempera-
tures of less than 4°C (3). Starting with the
~5°C lower MAT estimate (9) for the Maes-
trichtian, winter temperatures toward the
end of the Cretaceous are likely to have
declined below freezing for at least parts of
the coldest month; the CMM for that period
would therefore have been lower than that
suggested by Wolfe.

Wolfe suggests that the Alaskan dinosaurs
needed a period of metabolic adjustment
with the onset of winter cold conditions and
that the inferred dramatic drop of tempera-
ture at the Cretaceous-Tertiary boundary
would have been catastrophic because it
would not have allowed for this adjustment.
However, comparing dinosaurian physiolo-
gy and behavior with those of modern rep-
tiles is inappropriate. Current interpreta-
tions of hadrosaurian dinosaurs indicate that
comparisons with modern birds and mam-
mals are more appropriate (10).
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Ervatum: David ]. Ingle’s name was inadvertently
omitted at the end of the response (18 Dec., p. 1732) to
Richard A. Young’s Technical Comment “Color vision
and the Retinex theory” (18 Dec., p. 1731).
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