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matters arising 
Generation length and rates of 
hominoid molecular evolution 
BENVENISTE and Todaro' recently pre
sented a large and valuable body of 
DNA annealing data bearing on Old 
World monkey, ape, and human evolu
tionary relationships. For an evolutionary 
biologist, the basic advantages of such 
data lie in their potential to provide 
phylogenetic information with minimal 
reference to other sources of comparative 
data on the organisms under study. That 
is, the molecular data set can, in large 
part, be tested internally and thus tell its 
own message. We therefore find it dis
turbing that Benveniste and Todaro 
have carried out a phylogenetic inter
pretat.ion of their data using the assump
tion that generation length affects rates 
of nucleic acid evolution--especially 
when one notes that they present on the 
same page data from their own work 
which strongly suggest that it does not. 
We have specific reference to Fig. I and 
Table 2 of ref. I. 

In Fig. 1 of ref. I the authors calculate 
intrahominoid divergence times a~suming 
an Old World monkey- ape time of 
30 Myr and a rate of DNA base sub
stitution inversely proportional to the 
estimated generation lengths involved. 
That is, longer generation length forms 
would undergo less rapid DNA evolu
tionary change. In this fashion, dates 
reasonably compatible with current 
palaeontological views of hominoid evolu
tion 2 arc obtained. Thus Benveniste 
and Todaro fail to note that the data of 
their Tables I and 2 show no such 
dependence on the proposed generation 
lengths . 

We can reach this conclusion because 
the generation length hypothesis is, 
fortunately, subject to direct test. What
ever the divergence time of, for example, 
the human and gibbon lineages, both 
have obviously existed for the same length 
of time since their separation. Lf the 
generation length hypothesis were valid, 
then the human line would have accumu
lated fewer nucleotide substitutions in 
that time than the gibbon line. Therefore 
our DNA would today remain more 
similar to that of a monkey than is 
modern gibbon DNA. Specifically we 
note the human-gibbon~ T"'R of 6.9 oc. 
In the legend to fig. I, Benveniste and 
Todaro state that they assume for the 
gibbon line a value of 1 'C ~TmR per 
3 Myr of evolution, and for the human 
line J "C ~TmR per 5 Myr. Since the 

Table 1 Intraprimate relative molecular distances 

Taxa compared 
Homo-Pan --Gorilla 
(H ,P,G)-Pongo 
(H ,P,G)-Hylobates 
Apes, man-Old World monkeys 
Catarrhini-Piatyrrhini 
Prosimii-Anthropoidea 

DNA*'f 
0.14 ' 
0.3 
0.36 
0.60 
1.0 
-t 

Albumin plus* 
Transferrin 
Immunology 

0.12 
0.25 
0.29 
0.57 
1.0 
2.0 

Time of 
divergence (Myr) 

4-5 
9-11 

11-13 
20-22 
35-38 
70-75 

*Each number in these columns is the ratio of the distance between those taxa and the 
catarrhine-platyrrhine distance. 

tThe first three numbers are means of the relevant data points in refs. I ,3, and 9. 
j:Prosimian-anthropoid differences are apparently too large to give reliable DNA data. 

But, our immunological studies of albumin and transferrin evolution in primates and other 
mammals show very similar amounts of change along the various primate lineages along with a 
prosimian-anthropoid distance almost exactly twice that between New and Old World 
higher primates (platyrrhincs and eatarrhines) 10 . Placing the beginnings of the adaptive radia
tion leading to modern primates at 70-75 Myr, this gives a platyrrhine-catarrhine separation 
at~ 35 Myr (ref. 11). 

human and gibbon iincs separated, then, nucleic acid data is that we can actually 
the latter would have accumulated 5/3 count interspecies differences in constant 
as many nucleotide substitutions. That is, units and allocate them along lineages 
of the 6.9 C, 4.3 C would have with minimal dependence on non
accumulated along the gibbon line, and molecular evidence. Unfortunately, it 
2.6 C along the human. Thus when has far too often been the case that the 
human and gibbon DNAs were compared molecular data have been forced into a 
to that of an Old World monkey misguided congruence with what is 
(baboon), that of the gibbon should have thought to be hard evidence from a 
given a ~ TmR 1.7 -c larger than that sparse and spotty primate fossil record
given by human DNA, and such a thereby long-delaying the day when those 
difference is several times greater than the data will achieve their proper and in
experimental errors implicit in such DNA valuable place in providing that frame
comparisons. Yet precisely this corn- work within which to most usefully view 
parison is presented in Tables I and 2 of other bodies of evolutionary evidence, 
ref. I, where we note the baboon- including those deriving from the fossil 
human difference to be 9.1 ' C. while the record. 
baboon-gibbon difference is 9.05 ··c. VINCENT M. SARICH 

JOHN E. CRONIN Indeed, all five horninoids tested are in 
the range 9.15 :..:: 0.15 ''C., that is identical 
within experimental error. As the actual 
data, by direct test, fail to show the 
assumed generation length effect, why 
allege its influence in time of divergence 
calculations'? This is, after all, not a new 
issue. Other authors have argued for 
generation length effects in hominoid 
molecular evolution'1·\ and had their 
arguments answered" ". Indeed, Kohne\ 
though favouring the generation length 
hypothesis, had nevertheless allocated 
the same amounts of change along the 
human and gibbon DNA lineages as 
long ago as 1970. 

In the absence of any documentation of 
a generation length eiTect, and with the 
direct demonstration that amounts of 
DNA change along the various primate 
lineages are a function of the temporal 
lengths of those lineages, we feel amply 
justified in using the available data to 
calculate divergence times as in the 
accompanying Table 1. 

The particular virtue of protein and 

Departments ojAnthropology 
and Biochemistry, 

University of California, 
Berkeley, California 94720 

I Benveniste. R. E. & Todaro, G. J. Naturr! 261, 
101-108 (1976). 

2 Simons, E. L. rrimate Evolution (Macmillan, New 
York, 1 972). 

' Kohne, D. E. Q. Rev. JJiophys. 3, 327-375 (1970). 
4 Lovejoy, 0 ., Burstein , H. & Heiple, K. H. Science 

176, 803- H06 (1972). 
' Sarich. V. M. Biochem. Genet. 7, 205-212 (1972). 
6 Sarich, V. M. & Wilson, A. C. Sch:·nu! 171, 1144-

1147 (1973). 
7 Sarich, V. M. Yh. f'hys. Anthro. 17, 98-112 (1973). 
' Wilson. A. C. , Carlson. S.S. and White. T. J. A. 

Rev. Biochem . 46, 573- 639 (1977). 
9 Hoyer, B. H. , va n de Veld~ , N. W., Goodman, M. 

& Ro berts, R . B. J. hum. Evnl. l, 645-649 (1972). 
10 Sarich. Y. M .. & Cro nin , J. E. in M o/et:ular Alllhro

po/ogy (cds Goodman , M. & Tashian , R. E .) 
139- 1 (,8 (Plenum, No w York , 1977)_ 

11 Cronin, J . E. & Saric h, V. M. J. hum. 1-'.:vol . 4, 
357-375 ( 1975). 

TODARO AND BENVENISTE REPLY-We are 
aware of the long-standing discussion in 
the literature concerning the effect of 
generation length of a species on the rate 
of accumulation of base-pair mutations 
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