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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 
School of Forestry and Environmental 
Studies, Yale University, 
New Haven, Connecticut 06511 

JAREN J. BOYCE 

Department of Pathology, 
Yale University School of Medicine, 
New Haven, Connecticut 06511 

References 

1. A. Long and P. S. Martin, Science 186, 638 (1974). 
2. P. S. Martin, ibid. 179, 969 (1973). 

27 November 1974; revised 10 March 1975 

102 

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 
School of Forestry and Environmental 
Studies, Yale University, 
New Haven, Connecticut 06511 

JAREN J. BOYCE 

Department of Pathology, 
Yale University School of Medicine, 
New Haven, Connecticut 06511 

References 

1. A. Long and P. S. Martin, Science 186, 638 (1974). 
2. P. S. Martin, ibid. 179, 969 (1973). 

27 November 1974; revised 10 March 1975 

102 

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 
School of Forestry and Environmental 
Studies, Yale University, 
New Haven, Connecticut 06511 

JAREN J. BOYCE 

Department of Pathology, 
Yale University School of Medicine, 
New Haven, Connecticut 06511 

References 

1. A. Long and P. S. Martin, Science 186, 638 (1974). 
2. P. S. Martin, ibid. 179, 969 (1973). 

27 November 1974; revised 10 March 1975 

102 

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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