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Response: Rampino ( in  his letter) and Knoll 
et al. ( in  their response) attenlpt to ref~ute 
our proposition ( 1 )  that Late Pernlian ma- 
rine ~nvertehrate mass extinctions coincide 
with the widespread develop~llent of marine 
anoxia and il~.si~xia.  Their arguments are 
based o n  diametrically opposecl ~nterpreta- 
tions of the  Permian-Triassic deep sea 
record of Japan, anLl both rely hea\,ily o n  
the  data from the same paper (2) .  Thus, 
neither letter challenges the lvell-estah- 
lished fact that most Late Per~llian marine 
invertebrates disappeared in shall on^ nlarine 
settings at levels marked by the appearance 
of Llysaerobic or anaerobic hiofacies (3). 
Ranlpino notes that the decline of radiolar- 
ians in Iat-ranese sectlolls occurs within a , L 
thin,  siliceous claystone of latest Permian 
age ~mmediatelv beneath a thin. hasal Trias- 
sic organic-rich m~~dstone-a dysaerohic fa- 
c i e ~  12). He  therefore argues that the extinc- 
tion (of radiolar~a at least) occurred before 
the de\~elopment of oxygen-poor conLlitions. 
However, he  does not lllentlon the e\~idence 
of dysoxic conditions in the claystone, 
namely, c o ~ l l ~ u o n  micronodules of pyrite and 
discontin~uo~us la~nination (2).  

Con\~ersely, Knoll et nl. ackno\vledge the 
oxygen-poor conditions recordecl hy the 
clavstone 1anJ the  several nleters of bedded. 
grey chert developeLl beneath this level) 
and argue that the  organic-rich m ~ ~ d s t o n e  
records improved oxygenation. This is 
c o ~ ~ n t e r  to Kakuwa's (and our) interoreta- 
t ~ o n  that this layer \\.as a dysaerohic facies 
(2)  and is primarily based o n  the presence of 
hurro\vs in the  mudstone and the interpre- 
tation of pyrite sulphur isotope \~a r i a t~ons  
(4) .  Kakun~a onlv ill~ustrateii millimeter- 

sized hurro\vs from the  claystone and mud- 
stone, but did not document trace fossils 
from the  underlying grey cherts. 

Our observations of the chert ichnofah- 
rics reveal them to he L>ervasively hiotur- 
bated by centimeter-sired h~~rrours, t e s t imon~  
to s~~hstantially better h e n t h ~ c  ox)gen values 
than those of the or~anic-rich mudstone. 
T h e  ichnofal~r~cs,  therefore, reveal a story of 
gradually iieclin~ng henthic concentrations 
o t  O in the Late Permian record of Japan, 
culm~nating in low iiysox~c conditions at the 
Permian-Triassic bo~~ndary .  Identical chang- 
es are seen in contemporaneous shelf sec- 
t ~ o n s  (5). Pyr~te  634S \~ar~at ions  shon~  a sharp 
negative suing in the organic-rich mudstone 
(4) ,  which Knoll et al. interpret as a signat~lre 
of a f~llly oxygenated water colunm. Howe\~- 
er, strongly negative \ d u e s  of pyrlte sulphur 
(S) can also indicate intensely anoxic con- 
di t~ons  such as those perta~ning ill the 
present-day Black Sea, where sulphiiie dis- 
proportionating bacteria repeatedly process 
and I~ghtell elemental S (6) .  Sulf~lr isotopes 
of e\~aporites provide Illore conclusive, less 
eiluivocal evidence of global changes in the 
S cycle. These reveal a rapid positive swing 
beginni~lg in the latest Permian and con- 
tinuing into the Early Triassic (7), ~ \ ~ h i c h  
indicates a n~ajor  phase of pyrite h~lrial and 

oceanic anoxia. This evidence alone seems 
sufficient to rule out the scenario of oceanic 
overturn and \,entilation proposeii hy Knoll 
et nl. (8). 
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HLA Sequence Polymorphism 
and the Origin of Humans 

I n  the  paper, "The myth of Eve: Molecular 
hioli~gy and human origins" ( I ) ,  Francisco 
J .  Ayala has nlaiie some questionable infer- 
ences about the origin of the human species 
based o n  analyses of mitochoniirial D N A  
(mtDNA)  and human lym~~hocy te  antigen 
(HLA)  sequence polymorpl~isn~. Ayala ( i )  
argues that the data o n  primate HLA class 
I1 sequence diversity contraclicts the "Mito- 
chonclrial E1.e" hvt~othesis 12) ahout mod- , L , , 

ern human origins, and (ii)  estimates that 
the  sire of the  f i~~ lnd ing  human population 
was at least 100,000, primarily o n  the hasis 
of ass~lmptions a h o ~ ~ t  the  number of DRBl 
alleles transmitteii t o  h ~ l ~ u a n s  from the  an- 
cestral species. 

It is inherent in the nature of maternal 
inheritance that all contemporary llltDNA 
l~neaees are deriveii from (or coalesce to)  a " 
single founLling lineage. T h e  hypothesis as 
stated by C a n n  et al. (3)  sinlply postulated 
that this founding lineage \\.as African and 
that the coalescence time was o n  the  order 
of 100,000 to 200,000 years. T h e  identifi- 
cation of a narticular fo~undiinu African - 
nltDNA lineage says nothing ahout the size 
of the  human uopulation at that time. A n  
estimate of the  effective human populat~on 

size (N,),  haseii o n  the  diversity of mtDNA 
sequences among contemporary humans, 
was reported by Wilson and colleag~les over 
a decade ago (4);  Ne = 6000 females. Other  
recent estimates, based 011 classical poly- 
nlorphis~ns (5)  and Y chromosome-DNA 
markers (6), are also o n  the order of 10,000 
individuals. Ayala argues that,  ~ \ ~ h e n  one 
considers various sources of error, these es- 
tlmates are not  inconsistent with his esti- 
mate of luore than 100,000 individuals from 
the  HLA data. In  our V I ~ L \ ~ ,  ho\vever, a 
Illore realist~c appraisal of the  HLA class I1 
sequence polymorphism also leaLls to a n  hTc 
of about 10.000. in line \ v ~ t h  hT estimates , , 

from other molec~ular genetic data. 
T h e  extensive polymorphism at  the  

HLA class I1 loci (for example, DRB1) is 
localized to the second exon. \vhich en- 
codes the  peptide bincling groove, and, in 
narticular, to those codons encodille a ~ n i n o  - 
acids involvecl in interaction with the pep- 
tide and T cell recentor. T h e  crux of the 
argument relating the contell~porary HLA 
polymorph~sm to the size of the fo~un~ling 
h~u~laan population is the estimated n~u~llher 
of alleles that were transmitted to the human 
lineage from the ancestral species. Obtain- 
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ing this estimate invol\~es critical assump- 
tions ahout the "age" of contemporary al- 
leles and the rate of a l le l~c iiiversification. 
Many DRBl polymorphic sequence motifs 
are shared among different contemporary 
pnmate species, suggesting either conserva- 
tion over mllllons of years of evolution, or 
convergent evolution. Many of the  DRBl 
"allelic lineages" ( that  is, a cluster of closely 
relateii alleles that may have a single sero- 
type, such as DR1) may predate the  separa- 
tloll of the  hominoiii species (5  to 7 million 
years ago). Ho\vever, given the  significant 
amount of postspeciation sequence diversi- 
fication within these lineages inferred from 
phylogenetic tree analysis ( 7 ,  8 ) ,  the  nutn- 
her of DRBl alleles transnlitted from the 
ancestral species to nlodern h~ imans  nlav he 
substantially less than that estinlateii by 
Ayala. 

Ayala estimates that,  of the  61 human 
DRBl alleles included in the  phylogenetic 
analysis [figure 3 of ( I ) ] ,  31 are o\.er 6 
million years old; this number is arri\~ed at 
by applying a n  estimate of the substitution 
rate ("molecular clock") to the  phyloge- 
netic tree. By now7, there have heen o\.er 
100 DRBl alleles identified in all human 
populations, but most populations ha\.e 
fewer than 25 alleles. In general, HLA class 
I1 second exon seuuences are not well suited 
to phylogenetic analysis and the construc- 
tion of gene genealogies. Given the  evi- 
dence for positive selection a t  sites encoil- 
ing the  antigen binding amino acid resid~ies 
(9 ) ,  as ~vel l  as the patchwork pattern of 
poIymorp11ism iniiicat~\,e of gene conver- 
sion-like events (1 O), the  appl~catioll of 
phylogenetic tree-building analyses to the 
polymorphic seconil exon DRBl sequences 
is problemat~c, anii interpretations based o n  
the  t i~pol i~gy sho~uld he somen~hat guarded. 

In 1991, two of us showed that the phy- 
logenetic tree for the  first part of the second 
exon (encoding the p-sheet floor of the 
peptide biniiing groove) hail a iiifferent to- 
pology from that of the  second part, encod- 
ing the  a-helical wall of the  g ~ o o \ ~ e  (8) .  
Thus, different parts of the second exon of 
DRBl have different evolutionary histories, 
and, hence, the  length of the branches sep- 
arating DRBl alleles may not he propor- 
tional to time. Also. the use of ~nolecular 
clock analyses, with the assumption of se- 
lective neutrality and a constant mutation 
rate, may he inappropriate for DRBl seconii 
exon seuuences and result in an  inflated 
estimate of the  di\~ergence times and age. 

T h e  problem ~vi t l l  applying a molecular 
clock to H L A  polymorphism call be re- 
vealed by co~llparing intron and exon se- 
quences of the  DRBl alleles (11) .  T h e  
seuuence iilfferences hetween alleles in 
different lineages are only slightly h ~ g h e r  
(about 1.5-fold) for the  exon sequences 

t h a n  for the  intron sequences. By contrast, 
t he  genetic distance among alleles ~ v i t h i n  
all allelic lineage is about 30-fold higher 
for the  exon sequences than  for the  intron 
sequences, pres~imably due to selection. 
Applying a n  intron suhstit~ition rate for 
primate sequences (1.4 x 1 0 - 5 e r  site per 
year) (12)  to  these data indicates that  the  
mean age of alleles within a lineage may 
be about 230,000 years, rather than  the  
millions of years assu~neii in  Ayala's cal- 
culation. Thus,  these data suggest that  
only the  allelic lineages predate the  hom- 
 noi id di\~ergence, y ie ld~ng a n  estimate of 8 
t o  9 rather than  31  DRBl  sequences that  
\yere transmitteii t o  humans from the  an-  
cestral species. 

W i t h  the use of a simulation model fol- 
lowing populations containing 60 alleles 
over e\.olutionary time periods, Ayala con- 
cludeii that,  even with overdominant selec- 
tion and selection coefficients ( s )  of 0.01 to 
0.03, N, must be greater than 100,000 to 
maintain the  Inore than 30 presumed an- 
cestral alleles. 111 general, how, realistic are 
the  assumptions in Ayala's model anii holy 
reliable is his estimate of hTe? O n  the basis of 
the data in  our st~iiiy (1 1 )  and o n  the  
consiiierations iiiscusseil above, the  n~unher  
of ancestral DRBl sequences is likely to be 
less than 10 rather than over 30. Further- 
more, this lllodel assumes a selected muta- 
tion rate of 5 X lo-' per gene per genera- 
tion as the  only mechanism for generating 
new alleles. Recent experimental e\~idence 
analyring HLA class I1 gernlline \'ariation 
in h~una l l  sperm, potentially generated hy 
interallelic gene conversion-like events, 
suggests a frequency of around 1112,000 
(13) .  Thus, even if only 1096 of these new7 
variants are selected for, the  selected muta- 
tion rate would he Inore than an  order of 
magnitude higher than the  number assumeii 
hy Ayala. In isolated Native South Amer- , , 
iniiian populations, previo~isly unreported 
(and presumably ne~vly arisen) class I and 
class I1 alleles ha1.e been iilentified (14) ,  
suggesting the generation of se\~eral new 
alleles within the  last 10,000 to 20,000 
years. In general, selective pressures other 
than heterozygote aiivantage may be operat- 
ing, selecting rare newly arisen \~ariants ill 
iiifferent populations. Ayala cites the HLA- 
relateii resistance to malaria and plasmodi- 
um falciparu~n (15) as an  exa~nple  of het- 
erozxote  advantage; hourever, what was 
demonstrated in this study \vas protection 
conferred by particular DRBl and HLA-B 
alleles, not the operation of heterozygote 
aiivantage in the Gambian population. 

T h e  Ayala paper [figure 7 in 1 )] shou~s 
that,  even ~ v i t h o ~ i t  considering a lllore real- 
istic mutation rate, a n  Ne of only 10,000 is 
required to maintaul 10 DRBl alleles, the 
approximate numher of ancestral DRBl lin- 

eages inferreii from the  introll data (1 1 ). 
Contrary to Ayala's interpretation, the 
HLA DRBl data are, 111 fact, consistent 
n ~ i t h  the  population sizes estimated by 
mtDNA sequence diversity a n ~ l  with the  
inference, based o n  lntDNA anii recent 
CD4 haplotype data (16),  of a population 
bottleneck associateii with the  "Out of Af- 
rica" migration. T l ~ u s ,  it is our view that the  
N, of the early h ~ i m a n  population that can 
he estimated from the  HLA polymorphism 
data is consistent with the  esti~mates deriveLl 
from the  mtDNA sequence data that 
fornled the basis for the  "M~tochondrial  
E1.e" hypothesis. 

T h e  iiistinction hetureen Ne >100,000 
as opposed to hT, = 10,000 is not  tri \~ial .  It 
has been argued that  the  "Multiregional" 
e\,olutioll theory of human  origins (17) ,  
which suggests that  the  transition from 
H o m o  erectus to H ,  sapiens involveii pop- 
ulation spread across the  Olii World from 
South Africa to Northern Europe and 
Asia, ~ \ ~ o ~ i l ~ l  require that  hTc he much big- 
ger than 10,000 (1 8 ) .  T h e  fact that  all of 
the  genetic data-including mtDNA,  Y 
chromosome-DNA markers, classical 
polymorpl~isms, and (as we argue here) 
H L A  class I1 seil~~ences-suggest that  Nc is 
o n  the  order of 10,000 provides one  of the  
nlost compelling argulnents against hlul- 
tiregional evolution and in  fa \~or  of a re- 
cent  (African) origin of modern humans. 

Henry A. Erlich 
H ~ i m a n  Genetics, 

Roche Molec~ilar Systerns, Inc. , 
1145 Atlantic Avenue ,  

Alarneda, C A  94501, L T S A  
Tomas F. Bergstrom 

Department of Xiedical Genetics, 
Box 589,  L'ppsala LTnizjersity , 

LTppsala, 3-751 23,  Sweden 
Mark Stoneking 

Department of Anthropology, 
Pennsylvanici State Unieersity, 

University Park, P A  16802, U S A  
LJlf e l l e n s t e n  

Department of Medical Genetics, 
Box 589,  Uppsnla Unieersity 

REFERENCES AND NOTES 

1. F. J, Ayala, Sclence 270 1930 (1 9951. 
2, In reference 1 of h s  paper. Ayaa ctes W. M. Brown, 

Proc. /Vat/. Acad. So. U.S A. 77,  3605 (1 980). 
3. R.  L. Cann M. Stonekng, A. C. Wson ,  Natciie 325, 

31 (1987) 
A, A. C W s o n  eta/.  , Blol. J. Llnn. Soc. 26, 375 (1 9851. 
5, N. Takahata Mol, 6101 El/ol. 10, 2 11993) 
6 M. Hammer IVat~~re 378 376 (1995). 
7. U. Gyensten, M Sundvall, I. Ezcurra, H. A Erch.  J 

Immunol. 146, 4 6 8  (I 991) 
8. U Gyensten, M. Sundval, H. A Erch,  Proc, /Vat/. 

kcad. So.  U.S.A 88, 3686 (1 991 I. 
9. A. Hughes and M. Nei ibld 86, 958 11 9841; T. Berg- 

strom and U. Gylensten, Immi~i?oI Rev. 143, 13 
(1 995). 

10. H. A E rc i l  and U. Gyllensten Irnmi~i?ol Today 11, 
41 1 (1 991 I. 

SCIENCE VOL 274 29 NOVELIBER 1996 



1 1  T. Bergstrorn eta/,  , In preparation 
12 W H L et a1 Mol Phi/lolgenet E,/ol 5, 182 ( 1  996). 
13 G Zanqeliberq, N Huanq, N Arnhem, H A Erch, 

Nature Genet.-1 0 407 (1995) 
Ik. M P Becli et a / .  IVat~~re 357 326 (1992), E. A. 

Tltus-Tracliteliberg 0 Rlckards, G F De Stefalio, 
H A. Erch AI'? J Hum Genet. 55, 160 (1 99k;. 

15 A V. S H I  et a/., Nsture 352 595 (1 991 1. 
16 S A T~shkoi et a/. , Science 271 , 1380 (I 996). 
17 M H. Wopot;, In Tile Hu~i lan Revoli~tior~ P .  Melars 

alid C Strnger Eds. (Ed~iburgh Unv Fress, Edn- 
b ~ ~ r g h ,  1989) pp 62-1 C8. 

18. H C Harpendlng et a1 , Cur. Ai?thropol 34 483 
il993) 

20 May 1996; accepted 7 Aug~lst 1996 

Response: T h e  "myth of Eve" I sought to 
dispel is the noti011 that evolutiollists have 
shown that modern humans lnay have ile- 
sceniieii from one or a fe\\- women, a claim 
repeatedly macle "in the  media, as well as in 
p o p ~ ~ l a r  scientific p ~ ~ h l i c a t i o ~ ~ s  . . . and hy 
scientists" (1 ,  p. 1936). I cited \Xiesle>- M. 
Bronln who, reporting mitochondria1 D N A  
research done in Allan C. W~lson 's  lal~ora- 
tory, Lvrote (2,  p. 3609) 

Tlie atilo~int o i se i l~ ie~ ice  heterogenetrv ohserveil. 
0,18'?'i~, coulil h,i\-e lyeen eeneruteii fro111 ,I \~t igle  
matltig palr tliar ex l~red  182 to 136 X 12'  years 
ago, suggesttng rhc l~osi~l?lllry that present-~iay 
hllmans e\-olved irom a small mitocIiot1iiriall~ 
motiomL)rphic pi)l~ul,ittL)n th,rr existed ,rr t h ~ t  
t1111e. 

Accordi~le to Erlich et nl.. I estimated 
"that the size of the founding human pop- 
~ulation was a t  least 100.000." I dltl ~ l o t h l ~ l p  
of the kincl. My core argument ( 1 )  was 
ahout the lonir-term effective >l:e of human 
ancestral populations, ~ v h ~ c h ,  I argued, must 
have l x e n  ahout 100,000 or n o r e  ~ ~ ~ d l v ~ d -  
~lals 111 order to account for the  extensive 
DRBl polymorph~sm ohserveci in current 
h ~ u ~ l ~ a n  populations. 

I did, ho~vever ,  explore the  matter of 
"populatiol~ l~ottlenecks," such as may be 
traceil to a f o u ~ ~ d i n g  population fro111 
1v111cl1 all ll1oclerl1 h ~ u n a n s  might descend. 
I estimated that  the  min~murn  hot t le~leck 
sire compatible ~ v i t h  the  DRBl polymer- 
p h ~ s m  ~voulil be 4490 to  4599 ~ni i i \~iduals ,  
if t he  polymorpl~ism \yere selectively neu- 
tral, anii 4119 to 438C iniliviiiuals, if over- 
iiolnlna11t selection ir~oulcl be operating of 
magnitude s = 0.d1, as I thought Ilkely. I 
d isc~~ssci i  o ther  alternatives anii a\-erred 
( 1 ,  p 1935) 

It tnay be concludeii t l i ~ t ,  t o  a c c i ~ u n t  tor tlie 
D R B l  ~-7i)l\-morlll1ijl11, tlie ~i i i l l i~nl l l i i  13~bsihlc 
numl.er ot' illd~vtilllals a t  a hc>ttlenecl< i i  , ~ t  
le,lst 4000, this lillrnber IS consistent \vttll t h e  
lower est lmatej  iiertveii tl-om tlic m t D N A  and  
t h e  2FY gene. 

The conclus~on by Erlich rt al . ,  in their 
penultimate paragraph, is thus pu:zling. That 
there is consistency hetween pi~pulatlon esti- 
mates iieri\,ed from HLA polylnorpl~~sm data 
anL{ those ileri\~ed from nltDNA sequence 
data is not contrary to my interpretation, but 
rather what I explicitly asserted. 

I shall briefly make two Inore points. O n e  
point refers to the statelllent hy Erlich et al. 
that "molecular clock analyses, ~ \ ~ t h  the as- 
s~unption of select~ve neutrality allL{ a con- 
stant mutation rate, may he inappropriate 
. . . a11ii result in an  inflated estimate of the 
divergence times anL{ age." I discarded the 
inflated estimates derived from the assump- 
tion of selective neutrality precisely hecause 
I asaumeil that the LJRB1 secolld exon se- 
quences are not selectively neutral. Xlore- 
over, the molecular clock analysis that I 
presenteil of the h~ulnan gene lineages does 
not assLulne a constant mutation rate either; 
rather, it ia based o n  a n  empirical assessnlent 
of the average rate of evolut~on of DRBl 
alleles, obtained Lvith the use of the "mini- 
mum" method by comparing lnally il~fterent 
species of k ~ ~ o n n  time of divergence (3). 

The second point I 1v1s11 to make is that 
my co~~clusion of the olcl age of the h~111lan 
DRBl alleles \\.as der~vecl, flrst and foremost, 
fro111 the distant assoclat~on betrveen solne 
human gene 1111eages w ~ t h  each other, relative 
to their association \vith those fro111 other 
p r ~ ~ n a t e  species ( 1 ,  fiyure 4 and p. 1931), and 
not from the molecular clock hypothesis (I 
expllcltly noted that the gene lineages have 
evolved at different rates; see p. 1931). 

For example, the nine lxltlla~i genes at tlie ti313 of 
Fig. 4 are closely relateil to i)ne another, hut they 
are more ii~stantlv re1att.J r (>  other l i ~ l t l l ; i ~ ~  gene5 
it1 the gene,rlog\- th,in they are to the six gelics 
immeiliatelv 1-eiolv them, incluiiing c~ne  drill 
gene 21nLi tour m,rc,rilue gencs. 

T h e  ili\,ergence betnee11 the Imeages 
that go one to humans and apes and the 
other to the Old World monkeys occurred 
35 1111111011 years ago. It follo\vs "that several 
h ~ l ~ l l a l l  gene lineages already existeil at that 
t ~ m e "  (1,  p. 1931). T h e  ~nference of a long- 
term population no  smaller than 1dd,009 
ini l~v~duals  is cler~vecl isom the ancient age 
at nh ich  the gene lineages coalesce in one 
si11gle ancestral gene. Thus, the arguments 
of Erlich et al. about hoir~ lnany lineages 
esisteil at one particular time allti the age of 
particular subsets of Ill~eages are not dlrectly 
relevant to this it~fcrence. 

The  calculations of Erllch et nl. alwut the 
age of i11trons ,~ssume th ,~t  one accepts the 
molecular clock hypothes~s and particular 

rates ot sul3stitutio1la, ~ \ r l ~ i c l ~  are l~rol,lematlc. 
Xloreo\~er, as they point out, d~fferent parts of 
genes lnay have different evolut~onary histo- 
rles. The  rates of d~vergence between llltrolls 
and bet\veen esons mav he disparate (4). 
Satta et nl. (5) also have recentlv sho\vn 
that the  coalescence of IlRB1 hullla11 al- 
leles is "extraoriiinarlly old"; the split of 
some allelic lineages occurred approximate- 
ly 50 lnill io~l years ago. The  coalescence of 
h ~ u n a n  alleles of another pene of the HLA 
cornplex, the DQBl l o c ~ ~ s ,  also o c c u ~ ~ e d  he- 
tore the dl\ ereence bet\\ eel? the Old World 
monkeys and the human lineage (2).  Like the 
DRBl data, the DQBl results require N ,  == 
100,000 i~l~livicl~~als.  

In their final paragraph Erllch et nl. make 
t\vo statements. One  is that "all of the genetic 
data . . . suggest that N ,  is o n  the order of 
10,000." If hy N, they meall the long-term 
effectlye sire of h~11na11 pop~ulatii>~ls, this IS not 
correct (1) .  If they rather refer to the size of 
the founLling of mocier~~ humans, 
then the penetic data are co~lsistent with such 
a statement. Second, Erlich rt itl. state that a 
h~ullding pop~~lat ion on the order of 10,000 
i~~dividuals "provides one of the most compel- 
ling arguments aga~nst Xlultiregional evolu- 
tlon and 111 favor of a recent (African) orlgln 
of lnoiiern humans." Erllch et ai. fmd the 
a re~~ments  in favor of a recent Afr~can orwin 
to he com13elli~~g, hut temple to^^ has recently 
stated that there 1s " I I ~  evldence that sumorts . . 
the hyPothes~s of an  Afr~call-11o11-Africa11 
population split either 111 the 1ntDNA or the 
nuclear DNA data" (6) .  It seems to lne that 
Erl~ch et al.'s c o n t e ~ ~ t ~ o n  shoulii he Lvith 
Templeton, not with me. I resl3011iied to 
temple to^^ that "there 1s plenty of evlde~lce" 
for the split, and stated my convictiol~ that 
the \veigl~t o t  the ev1ile11ce "favors a recent 
African origin for llloiier~l humans" (7). Nev- 
ertheless, I all1 not pers~laded that the cv1- 
ilence currently available is compell~l~g. 

Francisco J .  Ayala 
Dei~i~rtnien t of Ecolog? and Em~tolz~tio~~, 
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Irvine, C A  92697 USA 
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