
modified to provide an inducement for 
the recipient to teach.) In order to en- 
hance the prestige of these fellowships, 
and to compete with the regular post- 
doctoral fellowships, their monetary 
rewards must be greater than those of 
the research fellowships (which permit 
the holders to devote up to 10 per- 
cent of their time to teaching). The 
awards should be flexible enough to 

permit the recipient either to do re- 
search entirely on his own (he may 
need funds to buy equipment) or to 
do research with a more established 
investigator. The teaching requirements 
would be subject to negotiation be- 
tween the individual and the institu- 
tion to which he is going and should 
not require him to spend more than 
10 percent of his time teaching. The 
kind of teaching I have in mind is 

giving lectures on agreed-upon sub- 

jects, helping to prepare and grade ex- 
aminations, helping to organize and 
oversee laboratory exercises, and act- 
ing as an adviser to students. With a 
little foresight and initiative on the 
part of the universities and colleges, 
the teaching load of the staff and 
graduate students (who are sometimes 
unfairly overburdened) could be re- 
duced. It might be argued that the 
threat of government control over edu- 
cation makes this suggestion unwork- 
able; however, it is my opinion that 
the present control government is ex- 

erting over education (by supporting 
research exclusive of teaching) is a 
much more real threat. 

DAVID T. DENHARDT 

Biological Laboratories, 
Harvard University, 
Cambridge 38, Massachusetts 

Sap Pressure in Plants 

In their article "Sap pressure in vas- 
cular plants" (16 Apr., p. 339), Scho- 

lander, Hammel, Bradstreet, and Hem- 

mingsen present some interesting data 
on the water relations of plants. The ex- 

perimental procedure that they em- 

ployed does not, however, demonstrate 
the existence of negative sap pressures 
as they stated. This is not to disclaim 
the existence of negative pressures, but 
rather to point out that their procedure 
measures only the difference in free 
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oped by Richards [Agr. Eng. 28, 451 
(1947)] for measurement of the poten- 
tial energy of water in soils. When air 
pressure is applied to the sample cham- 
ber, the free energy of the water is 
raised. If this pressure increase is car- 
ried out isothermally, the free energy of 
the water would be raised by approxi- 
mately YAP, where V is the volume of 
water in the sample and AP is the pres- 
sure increase necessary to establish equi- 
librium between water in the system 
and that outside. It is common practice 
to express this energy difference in 
terms of energy per unit volume (the 
water potential), which, of course, is 
dimensionally the same as pressure. In 
the experiment of Scholander et al., 
the plant itself provides the membrane 
which is permeable to water but not 
to air. 

Richards emphasized that the pres- 
sure-membrane apparatus measures an 
"equivalent" or "apparent" negative 
pressure within the soil. Nevertheless, 
many soil scientists have assumed that 
the pressure necessary to force water 
out of the soil gave a measure of the 
actual pressure of the water in the soil. 
It now seems apparent that the adsorp- 
tive force field around soil particles 
acts throughout a sufficiently long 
range to account for a significant pro- 
portion of the potential-energy lower- 
ing in soils. Thus, the pressure mem- 
brane measures the free-energy differ- 
ence but not necessarily the pressure 
difference. If sufficiently long-range ad- 
sorption forces do exist in plants, as 
seems entirely reasonable, particularly 
within the cell wall, the same would 
hold true for the experiments of Scho- 
lander et al. One could argue that the 
data presented prove the existence of 
adsorption forces just as readily as the 
existence of negative pressures. This is 
a challenging problem, and it is to be 
hoped that a means can be found to 
distinguish between the various com- 
ponents of the potential energy in 
plants in a conclusive way. 

W. R. GARDNER 
S. L. RAWLINS 

U.S. Salinity Laboratory, 
P.O. Box 672, Riverside, California 

Gardner and Rawlins argue that our 
measurements do not demonstrate neg- 
ative sap pressure in plants, let alone 
measure it. This criticism appears to 
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SPECIFIC 
COMPOUND ACTIVITY 

(mc/m M) 

DL-Alanine-1-C14 5-25 

2-Amino-isobutyric-l-C14 acid 5-20 

L-Arginine-(guanido-C14) 5-15 
monohydrochloride 

L-Citrulline-(carbamyl-C14) 5-25 

Creatine-1-C14 2-8 
Creatinine-1-C14 hydrochloride 2-8 

(DL + meso)-Cystine-3-C14 5-20 
hydrochloride 

DL-3 (3, 4-Dihydroxyphenyl) 5-35 
alanine-2-C14 ["DOPA"-C14] 

DL-Glutamic-1-C14 acid 5-20 

Glycine-1-C14 2-15 

Glycine-2-C14 5-35 

L-Histidine-(2-ring-C14) 10-40 

DL-Hydroxyproline-2-C14 2-10 

DL-5-Hyd roxytryptopha n- 
(methylene-C14) [3'-(5-Hydroxy- 2-25 
3-indolyl)-alanine-3'-C14] 

DL-Leucine-1-C14 5-40 

L-Leucine-1-C14 5-10 

DL-Lysine-1-C14 5-20 
monohydrochloride 

L-Methionine-(methyl-C14) 5-30 

DL-Phenylalanine-1-C14 2-25 

DL-Phenylalanine-2-C14 4-20 

Sarcosine-1-C14 2-10 
DL-Serine-3-C14 5-20 

L-Serine-3-C14 2-10 

D-Tryptopha n-(methylene-C14) 5-20 
[D-I ndolylalanine-3-C141 

DL-Tryptophan-(benzene ring- 1-5 
C14-U) 

DL-Tryptophan-(methylene-C14) 5-35 
[DL-lndolylalanine-3-C14] 

r-Tryptophan-(methylene-C14) 5-20 
[L-lndolylalanine-3-C141 

DL-Tyrosine-2-C14 2-20 

DL-Valine-l-C14 4-35 

DL-Valine-4-C14 1-10 

Data sheets available on request for 
every compound. Please write for cur- 
rent schedules containing complete 
radiochemical listings and information. 
Or call 312 827-4456 collect. 
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in the soil; neither does it do so inside 
the cells. On the outside of the mem- 
brane (extracellular), however, it rnea- 
sures the negative hydrostatic pressure 
in the xylem ducts as a straightforward 
null measurement. It does not matter 
what causes the negative pressure bal- 
ance in the xylem sap, nor what ad- 
sorptive forces may reside in the vessel 
walls; nor does it matter whether the 
ducts run plain water or sap solution. 
In plants, nevertheless, a close approxi- 
mation to the turgor pressure (intra- 
cellular) can be derived from the pres- 
sure-volume curve. 

P. F. SCHOLANDER 

Scripps Institution of Oceanography, 
University of California, San Diego 

H. T. HAMMEL 

John B. Pierce Foundation, 
Yale University, New Haven, 
Connecticut 

EDDA D. BRADSTREET 
E. A. HEMMINGSEN 

Scripps Institution of Oceanography 
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Mass Extinctions at the End 

of the Cretaceous Period 

The environmental factors that in- 
fluence communities of living orga- 
nisms are so complex that they are 
rarely well understood. Consequently, 
the problems that confront the pale- 
oecologist may seem insuperable. Yet, 
recurring regularities in the fossil rec- 
ord of past life tempt paleontologists 
to venture explanations of real events, 
now millions of years past, in the his- 
tory of life. Such an explanation is 
M. N. Bramlette's stimulating new hy- 
pothesis (25 June, p. 1696) to ac- 
count for revolutionary changes in ma- 
rine life at the close of the Mesozoic 
era. His conclusions are based on an 
exceptionally well-documented case his- 
tory, and once and for all remove any 
doubt that marine life has undergone 
catastrophic changes over wide ex- 
panses of the oceans. This is a matter 
that has long been suspected and much 
debated. Now that the facts seem well 
established, the problem is to explain 
them. 

I have cited evidence [(Sci. Amer. 
208, 76 (Feb. 1963)] that extinctions 
of the past display a spectrum of pat- 
terns ranging from apparently cata- 
strophic revolutions in the faunas of 
the world to very slow selective and 
evolutionary replacement. For the for- 
mer, I have sought general, rather 
than specific, causes because some of 
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these mass extinctions have involved 
both terrestrial and marine animals and 
have recurring rhythms that would seem 
to eliminate unique causes. Bramlette 
considers the apparent synchroneity of 
extinction of land and sea organisms 
as unproven and possibly a result of cir- 
cularity in the method of stratigraphic 
paleontology, in which rocks are dated 
by fossils and fossils are dated by the 
rocks that contain them. However, 
there cannot now be any reasonable 
doubt that these and comparable 
changes in world faunas were com- 
pressed into time intervals that were 
very short as measured on the scale 
of geologic time. It seems to me rea- 
sonable to conclude that worldwide 
vicissitudes among organisms were the 
result of recurring general ecological 
disturbances that destroyed the most 
fragile populations of both land and 
marine animals. Extinctions on a mas- 
sive scale clearly were highly selective 
among animals, affecting some groups 
while sparing others, but it is one of 
the unsolved problems of paleontology 
that plants were not simultaneously and 
equally affected by crises in the animal 
kingdom. 

Bramlette's interesting hypothesis ex- 
plains mass extinctions in marine fauna 
at the close of the Mesozoic era by 
gradual failure of supply of nutrient 
salts and sudden collapse of the world- 
wide ecosystem at a threshold point in 
a gradual diminution of supply of land- 
derived sediments carried to the sea 
by streams. This hypothesis is intriguing 
and highly promising, but in the pres- 
ent form it seems vulnerable on two 
counts. In the first place, terrestrial 
animals did indeed undergo important 
mass extinctions at approximately the 
same time as marine animals near or 
at the close of the Permian, Triassic, 
and Cretaceous periods. It is incredible 
that the supply of nutrient salts to the 
sea would directly affect land animals. 

It is also probable that fluctuations of 
the rate of supply of land-derived nu- 
trients are not nearly as important as 
variations in oceanic circulation, partic- 
ularly upwelling, in determining the 
concentration of nutrients in the 

euphotic zone. Marine ecologists be- 
lieve that by far the greatest part of 

immediately available nutrient salts are 
contained in the deep basins of the 
oceans. These salts are continuously re- 
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