
tual albedo changes and to carrying out 
further numerical simulations with im- 
proved mathematical models until more 
definite conclusions can be obtained and 
acted upon. 

JULE CHARNEY 
PETER H. STONE 

Department of Meteorology, 
Massachusetts Institute of Technology, 
Cambridge 02139 

WILLIAM J. QUIRK 
Institutefor Space Studies, 
Goddard Space Flight Center, NASA, 
2880 Broadway, New York 10025 

References and Notes 

1. M. Tanaka, B. C. Weare, A. R. Navato, R. E. 
Newell, Nature (London) 225, 201 (1975). 

2. J. Charney and W. J. Quirk, in preparation. 
3. J. F. Griffiths, "Climates in Africa," in World 

Survey of Climatology, H. E. Landsberg, Ed. 
(Elsevier, Amsterdam, 1972), pp. 30, 98, and 107. 

4. B. W. Thompson, The Climate of Africa (Oxford 
Univ. Press, London, 1965). 

5. The new work reported here was done with the col- 
laboration of Drs. J. Kornfieid and S. Chow. We 
are very much indebted to them for their help. 

31 October 1975; revised 11 December 1975 

tual albedo changes and to carrying out 
further numerical simulations with im- 
proved mathematical models until more 
definite conclusions can be obtained and 
acted upon. 

JULE CHARNEY 
PETER H. STONE 

Department of Meteorology, 
Massachusetts Institute of Technology, 
Cambridge 02139 

WILLIAM J. QUIRK 
Institutefor Space Studies, 
Goddard Space Flight Center, NASA, 
2880 Broadway, New York 10025 

References and Notes 

1. M. Tanaka, B. C. Weare, A. R. Navato, R. E. 
Newell, Nature (London) 225, 201 (1975). 

2. J. Charney and W. J. Quirk, in preparation. 
3. J. F. Griffiths, "Climates in Africa," in World 

Survey of Climatology, H. E. Landsberg, Ed. 
(Elsevier, Amsterdam, 1972), pp. 30, 98, and 107. 

4. B. W. Thompson, The Climate of Africa (Oxford 
Univ. Press, London, 1965). 

5. The new work reported here was done with the col- 
laboration of Drs. J. Kornfieid and S. Chow. We 
are very much indebted to them for their help. 

31 October 1975; revised 11 December 1975 

tual albedo changes and to carrying out 
further numerical simulations with im- 
proved mathematical models until more 
definite conclusions can be obtained and 
acted upon. 

JULE CHARNEY 
PETER H. STONE 

Department of Meteorology, 
Massachusetts Institute of Technology, 
Cambridge 02139 

WILLIAM J. QUIRK 
Institutefor Space Studies, 
Goddard Space Flight Center, NASA, 
2880 Broadway, New York 10025 

References and Notes 

1. M. Tanaka, B. C. Weare, A. R. Navato, R. E. 
Newell, Nature (London) 225, 201 (1975). 

2. J. Charney and W. J. Quirk, in preparation. 
3. J. F. Griffiths, "Climates in Africa," in World 

Survey of Climatology, H. E. Landsberg, Ed. 
(Elsevier, Amsterdam, 1972), pp. 30, 98, and 107. 

4. B. W. Thompson, The Climate of Africa (Oxford 
Univ. Press, London, 1965). 

5. The new work reported here was done with the col- 
laboration of Drs. J. Kornfieid and S. Chow. We 
are very much indebted to them for their help. 

31 October 1975; revised 11 December 1975 

Our purpose was to replicate, if we 
could, the radiocarbon dates on which 
Martin, Sabels, and Shutler based their 
conclusion that the Shasta ground sloth 
was alive at least until 10,000 years ago (1). 
Our new suite of samples yielded none 
from North America much younger than 
11,000 years in age (2). Pending new dis- 
coveries or a successful replication of L- 
473A, Y-1163A, or C-222 we conclude 
that Shasta ground sloth extinction was re- 
markably close in time to the arrival of the 
first big game hunters in North America, 
and slightly before sloth extinction in 
South America. 

We agree that the rate of dung deposi- 
tion in Rampart Cave may not reflect pop- 
ulation dynamics of the extinct sloths. On 
the other hand, seven North American 
caves are known to contain sloth dung. Ra- 
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diocarbon dates obtained since our report 
was published (2) show that all seven were 
occupied by sloths within a few hundred 
years of the time when we believe they sud- 
denly disappeared. The result does not sug- 
gest a population coming under stress 
gradually, or one suffering a gradual re- 
duction in its range. 
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Pleistocene Extinctions 

Long and Martin (1) present various ra- 
diocarbon dates of Nothrotheriops, an ex- 
tinct ground sloth. As Martin (2) claims 
that his Pleistocene explosive overkill hy- 
pothesis is essentially untestable except for 
the radiocarbon chronology, it is impor- 
tant that the latest dates for existence of 
extinct forms proceed from North to 
South America. The dates presented do 
not exhibit this pattern even though Long 
and Martin claim they do. In fact, the two 
latest dates presented come from North 
America. Long and Martin claim that 
there was a constant rate of dung deposi- 
tion with no decline in deposition rate to- 
ward the top of the deposit "as might be 

expected if the population were coming un- 
der stress gradually," and use this relation- 

ship to support the overkill hypothesis. An 
annual deposition rate of "perhaps less 
than a week's elimination of one adult 
sloth" is so small as to tell us absolutely 
nothing about the total population fluctua- 
tions. 

MARK S. BOYCE 
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New Haven, Connecticut 06511 
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The extent to which L-amino acids rac- 
emize to D-amino acids is a function of 
both time and temperature as well as other 
environmental conditions (1). Assuming 
mean paleotemperatures and comparable 
environmental conditions, D/L amino acid 
ratios have been applied to the dating of 
fossil bones (2, 3), shells (4), and sediments 
(5-7). 

Conversely, when fossils are datable by 
other methods, the extent of amino acid 
racemization has been applied to estimate 

paleotemperatures (8, 9). In particular, 
Schroeder and Bada (8) have estimated the 

glacial-postglacial temperature difference 
from amino acid racemization in fossil 
bones which had been dated by radio- 
carbon methods. The purpose of this com- 
ment is to point out an error in the way the 

average temperature differences were com- 

puted by Schroeder and Bada. Revised cal- 
culations result in new temperature differ- 
ences which lie outside the error limits 

originally assigned to their method, but 
which are somewhat closer to the differ- 
ences estimated by other methods. 
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where t is time in years past and Tp is the 

present temperature. The difference, AT, is 
the quantity being sought. 

Schroeder and Bada inserted measured 
amino acid ratios and radiocarbon ages 
into the constant temperature integrated 
rate law for opposing first-order reactions 
to determine effective rate constants for 
two different samples, k, for a sample 
younger than 10,000 years and 2 for a 

sample older than 10,000 years. The Ar- 
rhenius formula was applied to the ratio, 
k2/.k, yielding an effective temperature 
difference for the two samples. This differ- 
ence was equated to the time-averaged 
temperature difference, thus determining 
AT. 

Unfortunately, because of this ex- 

ponential dependence of the rate constant 
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Table 1. Average rate constants and temperature differences computed from D/L ratios in fossil 
bones. 

k,* k2, AT(?C) 
Location (10-5 (years) (10-5 

year-) 
ye 

year-') Eq. 6 Eq. 5 

Muleta Cave, Majorca, Spain 1.72 16,850 1.25 3.9 5.6 
1.72 18,980 1.22 3.7 4.8 

Lukenya Hill, Kenya 4.02 17,700 2.71 4.7 7.0 

*A true rate constant for samples of aspartic acid at Tp. tRadiocarbon age. A time average rate constant. 
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on temperature, the effective temperature 
determined for the older sample is not 
equal to the time-averaged temperature. 
Schroeder and Bada appear to recognize 
this [see their reference 15 in (8)], but their 
statement that it has no significant effect 
on the results is not correct. The correct 
relationship between k2 and the true rate 
constant, k(T), is 

t2 = 10,000 k(Tp) + 

(t2- 10,000)k(Tp - AT) (2) 

Using the Arrhenius formulas, we can 
write 

k2/, = 1 [10,000 + 
t2 

(t2 - 10,000)exp(- Ea T/R Tp2)] (3) 

where we have used the fact that 

(Tp- AT)-' = Tp-'( + AT/Tp) (4) 

to first order in AT/Tp. Solving Eq. 3 for 
AT gives 

AT -RTp In t2(k2l)- 10,000 
Ea t2 - 10,000 

(5) 
which should be compared with 

Ea t2 - 10,000 

which follows from the assumptions used 
by Schroeder and Bada. 

In Table 1 we compare AT's calculated 
with these two formulas for several loca- 
tions; the data are taken directly from 
table 1 of (8). It is evident that one must 
use the improved formula, Eq. 5, if the 1?C 
accuracy claimed by Schroeder and Bada 
is to be obtained. The improved ATs are 
in somewhat better agreement with esti- 
mates from other sources. These are 5? to 
6?C (10) and 4?C (11) for the Mediterrane- 
an location and 5O to 7?C (12) and 5? to 8?C 
(13) for the African location. 

One can show that Eq. 5 actually reduc- 
es to Eq. 6 whenever t2 > 10,000 years or 
EaAT/RTp2 < 1; however, neither con- 
dition is met for the cases in Table 1, so the 
use of Eq. 6 cannot be justified. 

The correction set forth here is entirely 
mathematical and does not itself either 

challenge or support the general idea of us- 
ing amino acid racemization as a chrono- 
logical or paleothermometric method. This 
general idea has been challenged recently 
by Bender (14), and Bada's reply was pub- 
lished immediately following in the same 
journal (15). Whatever the validity of the 
method turns out to be, it will be necessary 
to use the corrected analysis given herein if 
significant numerical errors are to be 
avoided. 

E. A. MCCULLOUGH, JR. 
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Departments of Chemistry and 
Biochemistry, Utah State University, 
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We are pleased that the equation derived 
by McCullough and Smith gives closer 
agreement between paleotemperatures de- 
duced from racemization data and those 
deduced from either isotopic or paleon- 
tological studies than did our original 
equation (1). However, it should be noted 
that their equation was derived by using a 

step-function temperature model. This 
model is only a crude representation of the 
actual temperature history over the last 
20,000 years. Temperature uncertainties of 
at least 1? to 2?C likely arise from using 
this model. The ultimate accuracy of race- 
mization-deduced paleotemperatures will 
only be obtained when a suitable equation 
(probably derived from oxygen isotopic 
data) expressing temperature changes on 
the earth as a function of time is used. 
With this equation and with numerous 
racemization results from a particular site, 
it should be possible to carry out a stepwise 
numerical integration. With this type of 
approach, it may be possible to determine 
paleotemperatures with an accuracy of I?C 
or less from racemization data. 

McCullough and Smith state that their 
mathematical correction neither supports 
nor challenges the general idea of using 
amino acid racemization as a chronologi- 
cal or paleothermometric tool. However, 
we believe that the close agreement be- 
tween racemization-deduced paleotem- 
peratures and temperatures deduced from 
other evidence strongly supports the pro- 
posal that temperature is the major envi- 
ronmental factor which determines race- 
mization rates (2). If other environmental 
factors, such as fluctuations in pH or 
leaching by groundwaters (3), had a ma- 
jor effect on racemization rates in bone, 
racemization-deduced paleotemperatures 
would not be expected to be consistent with 
paleotemperatures deduced from other evi- 
dence. 
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