
model of human evolution depends o n  the  
denlonstration of evoh~tionarily recent time 
depths for alleles found in  non-African pop- 
~llations. M~lltiregional   nod el enthusiasts 
also argue for a n  African origin, hut place 
this o r i g ~ n  a t  1 lnillion years before present 
(Y.B.P.), the  approxi~llate time a t  \\-hich 
H o m o  erectus senlains can be identified out- 
side Africa. Thus, for the  "Out-of-Africa" 
model to be accepted, it 1s critical that 
allellc time depths be Illore recent than 1 
million Y.B.P. 

In  support of the  recelnt "0~1t-of-Africa" 
model, we (1 )  attenlpted to show that a 
s~~~gle .c l~romosomal  segment, a C D 4  locus 
haplotype composed of an  A l u - )  allele 
and a n  STRP allele of 90 hp separated by 10 
kb, had a recent time depth in non-Afrl- 
cans. As \ve emphasized in the artlcle, 111 

the absence of kno\\-11 recolnbination he- 
tween the  sites or ~ l n ~ t a t i o n  rates a t  the 
STRP marker, it is inlpossible to estimate 
an  exact time of origin of this haplotype in  
non-Africans. Honre~~er ,  by ~liaking certain 
conservative assumptions, ~t is possible to 
place llkely upper bounds for this date. W e  
used several methods of analysis to der117e 
a n  upper boulnd for the  coalescent date for 
non-Africans. O n e  n.as based o n  the  vari- 
ance observed at the  STRP o n  Alu(-)  
chromosomes outside versus Inside Africa; 
this led to a date of 167,000 Y.B.P. Another  
analysis was based o n  the proportloll of 
A h - )  chro~nosonles with STRP alleles 
less than 110 bp outs~de versus inside A f r ~ c a  
that carry the progenitor (90 hp) STRP 
allele. As a n  upper hound o n  this propor- 
tion, \\-e examined its variability across five 
geographically diffuse sub-Saharan African 
populations that had more than 10 A l u - )  
chromosomes. T h e  proportion carrying the  
90-hp repeat ranged fronl 0.25 in  the  
K'oloff to 0.53 in the Herero. W e  used 0.53 
as a n  upper bound for this value across 
sub-Saharan Africa. For no11-Africans, he- 
cause of the  snlall number of A l u - )  chro- 
nlosornes lnot carrying the 90-hp allele, we 
assumed a Polsson distrlhutlon to obtaln a 
lower 95% confidence bound for this n u n -  
her. W i t h  these two bounds, we obtained a 
maximum age of 313,000 Y.B.P. W e  also 
performed other conservative alnalyses 
[notes 40 and 41 in (1 )], which gave addi- 
tional estimates of maximal dates ranging to 
450,000 Y.B.P. 

All of these estinlates of rnaxi~nunl age 
depend 011 the n s s u m p t i o ~ ~  that the  A h ( - )  
allele has a ~naxinlunl age of 5 nlillion years 
and originated 111 Africa. T h ~ s  upper-bound 
estinlate was used hecause the  allele \\-as not 
observed in chimpanzees or gorillas. Prit- 
chard and Feldman state that the  ~lnl ta t ion 
could technically be even older, but they 
also agree that ~t is far more likely that t h ~ s  
polymorphlsln is less than 5 million years 

old. A younger age seems likely because of 
the  lifetinle survival distribution for neutral 
lnutations (2) .  In  fact, our data arnue for a " 

Inore recent origin, albeit still ancient [note 
42 in (1 )I .  Cornparing variation in STRP 
allele slze (calculated by any of several 
methods) shows that Alu(-)  chromosomes 
have less variation than do  A h ( + )  chro- 
lnosonles and are therefore likely to have a 
more recent coalescent. 

Pritchard and Feldnlan use coalescent 
theory and a si~nulatlon to calculate a loner 
95% confidence bound for hT,k. T h e  Sam- 
~ l e  of chronlosornes 011 which thelr analvsis 
1s based derived fro111 10 extremely disparate 
African populations, spanning the entire 
continent,  for \\-hich there ~liust have been 
considerable relative endogamy. S ~ l c h  pop- 
~l la t ion structure would make more recent 
ages for the Alu(-)  allele far less likely 
than would appear in Pritchard's and Feld- 
man's simulation (3) .  Also, it 1s inlplausible 
that the  nonulation has been constant in  

k A 

size since the  A ~ L I  deletion first occurred. Its 
rather high frequency 111 A f r ~ c a  suggests a 
rapid increase in  the  numbers of this chro- 
nlosonle soon after its introduction. Such 
growth would lead to a snlaller estinlate of 
variance for N,k than that calculated by 
Pritchard alnd Feldman. 

Still, even under assumptions ~mplausi- 
bly Inore conservative than ours, the  upper 
bound for the  estimate of the  coalescent 
date of the  A h - )  chronloso~ne 111 non-  
Africans is about 700,000 Y.B.P. (using 
Pritchard's and Feldman's estimate), still 
short of the 1 lnillion years speculaied by 
the  "M~~ltiregional" model. Their analysis 
thus supports our conch~sion that a more 

recent date for a n  exodus of modern hu- 
mans fro111 Africa is nlore likely and that 
the CD4 data argue for the  "Out-of-Africa" 
model rather than for the  "Multiregional" 
model. 

W e  originally stated (1 ) that the  data 
lye have obtainilii for the  C D 4  locus rep- 
resent only a single realization of evolu- 
tionary history for Africans and non-Afri- 
cans. As  Pritchard and Feldman point out ,  
it is tenuous to  derive statistical distribu- 
tlons for coalescelnt tllnes based simply o n  
theory because of the  arbitrary demo- 
g r a p l ~ c  assumpt~ons required. T h e  best 
\yay to d e r ~ v e  such a distribution 1s empir- 
ically, combining the  results of numerous 
different loci. Exanlinatioln of llnkage dis- 
eiluilibrium patterns for other systems in a 
fashlon sinlilar to  what we have presented 
for C D 4  should provide Inore definitive 
conclusions regarding the  coalescence 
time for non-Afr~cans .  

Neil Risch 
Department of Genetics, 

Stanford Lnitsersity School of Medicine, 
Stanford, C A  94305, L'SA 

Kenneth K .  Kidd 
Sarah A. Tishkoff 

Department of Genetics, 
Tic& Lniversity School of Medicine, 

Post Office Box 208005, 
Neat Hatsen, CT 06520, U S A  

REFERENCES 

1 .  S A. Tshkoff et a / . .  Sc~e~ ice  271, 1380 (1 996). 
2. N. Takahata and M. N ~ I ,  Genet~cs 124. 967 (1990): 

N. Takahata, Mol. B~ol.  Elm/. 10, 2 (1 993) 
3. N. Takahata, Ge~ietics 129, 585 (1991). 

3 October 1996: accepted 10 October 1996 

Late Permian Extinctions 

I n  their article "Comparative Earth history 
and Late Per~nian nlass extinction" ( I ) ,  A .  
H.  Knoll et al. suggest that Late Permian 
extinctions were caused by the release to the 
atmosphere of massive quantities of carbon 
dioxide (CO,)  from the deep ocean; that the 
CO, bu~ldun 111 the ocean resulted from t~r i -  
mary production in the surface layer; and 
that, despite sluggish ocean circulation rates, 
the release of phosphorus from decaying or- 
ganic matter in deeo anosic \\-aters \\-ould - 
have been sufficient to further stinlulate 
ohotosvntlhesis ( 2 ) ,  which would in turn 
ilave lhd to further organic decay (that is, 
posit~ve feedback) before oceanic o17erturn 
and release of COP 

Knoll et al. otherwise deem~hasize  the  
role of nutrients in the  Pernlian extinctions, 
but if ocean circulation had been sufficient- 
ly slo\\- in the Late Permian, phytoplankton 
could have largely stripped the surface 

mixed layer of nutrients (3) so that a "nu- 
trient collapse" could have occurred. Also, 
the expansion of gymnosperms during this 
time (4)  and the  greatly increased interior 
drainane associated with the for~nation of " 
the Pangean supercontinent (5 )  could have 
secpestered large amounts of nutrients 011 

land ( 4 ,  6) .  Greatly decreased nutrient 
availability durmo the Late Permian is con- 
slstent a l ;h  the 'loss of many suspension- 
feedinn invertebrates and nekton and the  " 

differential survival of infaunal taxa that fed 
011 organic-rich sediment ( 6 ,  7, 8), as de- 
scribed by Knoll et al. Moreover, before 
Late Per~llian extinctions, the  Permo-Car- 
boniferous was a time of increasing nutrient 
and food availability in  the  water column 
( 6 ,  7). Thus, just as global nlarine ecosys- 
tems were becoming increasingly depen- 
dent o n  greater food ava~lahility in the  Late 
Paleozoic, the rug, so to speak, could have 
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been pulled out fro111 under them as nutri- 
elnts began to reverse toaard lower amounts 
in the  Late Perllnian (6) .  

\ ,  

T ~ ~ r n o v e r  of nutrient-rich waters a t  the  
end of the Per~nian iiurine CO, release from - - 
the oceans could have f~irther exacerbated 
global ecosystem instablllty, as Knoll et al. 
briefly discuss. Heightened productiv~ty, as 
suggested by strong positive excursions in 
the carbon ( C )  Isotope curve (9), may have 
also greatly auglnented rates of extinction 
in the  Late Ordovician, Late Devon~an ,  and 
Late Cretaceous (6) ;  these periods were 
otherw~se characterized by sluggish ocean 
circulation (4 0 )  and potelntial sequestration 
of nutrients 'below the  photlc zone ( 6 ,  1 1 ). 
Fluctuations 111 ~nl t r ient  concentratiolns 
were probably a n  important factor in lnass 
ext~nct ions ,  \\hatever the  ultimate causal 
lnechanisln ( 6 ,  12) ,  and 111 the  selection of 
extinction-resistant marine invertebrate 
taxa according to their life history traits 
(13).  

Ronald E .  Martin 
Department of Geology. 
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T h e  changes describeci by Knoll et al. (1)  
can be accounted for if primary production 
through photosynthesis v-as curtailed at the 
end of the  Permian for reasons unrelated to 
ocean dynamics (2) .  T h e  rlse in CO1 in 

surface a7aters a l ~ d  the atmosphere could (19911, 1 H C a ~ n p b e  G. K. Cza~nanske \! A. Fe- 
dorenko, R. I HIII, V. Stepano~, lbld 258 1760 have been a consequence, as \\-ell as a cause, (1992), 

of extinction, and symptomatic of a possible 5, For a reglev4 of gas hydrates, see K. A K~en)~o lden 
extinction cascade. 

T h e  triggering event was probably the 
eruption of the  Siberian traps, which oc- 
curred at a time indistino~~lshahle from the " 
Inass extinction (3) and was the largest 
continental flood-basalt eruption so far 
knolvn from the  Phanerozoic Eoln ( 3 ,  4) .  
T h e  eruption may have released vast quan- 
tities of ll1ethane ( C H 4 )  that had accumu- 
lated o n  adjacent high-lat~tude permafrost 
and continental shelves during the  Carbon- 
iferous alnd Early Permian (5) .  A lethal gas, 
CH, would have oxidized rapidly (within 
10 years), first to formaldehyde and carbon 
monoxide, then to COL, drawing don711 ox- 
ygen ( 0 )  111 the process ( 5 ,  6 ) .  S~llnilar but 
less dramatic releases of CHI result~no from - 
flood-basalt er~lption at the end of the  Pa- 
leocelne nlay have led to warming and deep- 
sea extinctions (7) .  Because hydrate CH, 
and its derivative COL v-ould have been 
~xlostly depleted of 13C, the rapid release of 
CH4 could account for the  observed reduc- 
tion in  changes in 13C (8 l3C)  at the close of 
the  Permian. 

This hypothesis predicts the  same pat- 
tern of selective extinction as that docu- 
mented by Knoll et al., namely, that organ- 
isllns tolerant of high CO, concentrations in 
their tissues preferentiallv survived. Most 
survivors lx-ouid also have been capable of 
shutting down their nletabolis~n for short 
intervals during incle~nent  conditions, 
whereas victims v-ould have been unable to 
suspend activity despite their generally low 
per-capita energy use. 

A t  other times in Earth's history, such as 
the mid-Cretaceous, volca~~ical ly  e n ~ p t e d  
COz and perhaps CH4 may have stimulated 
evoh~t ion  instead of bringing o n  a n  extinc- 
tion (8). These eruptions differed from the  
Siberian eruption by occurring principally 
below the  sea surface and mav therefore 
have released gases less dra~natically and 
over a longer ~nterval .  

Seerat J .  Vermeij 
Departinent of Geology and Center for 

P o p ~ ~ l a t ~ o n  Biology, 
Lnitsersity of Callforilia, 

Davrs, C A  9561 6 ,  U S A  
Daniel Dorritie 

Department of Geology, 
Unitsersity of California at Davis 

REFERENCES 

1. A H Knoll, R. K Bambach D E Canf~eld, J P 
Grotznger, Science 273, 452 (1996) 

2 M Magartz, Geology 17 337 (19891; K Wany, H. H. 
J. Gedsetzer, H. Krouse, ibld. 22, 580 (1994). 

3. P R. Renne Z. Zlchao M A Richards. M. T. Black, 
A. R Basu, Sclence 269, 141 3 (1 995). 

4. M R Ra~npno and R. B Stothers, bid.  241, 663 
(1 988). P R Renne and A. R. Basu, ibid 253 176 

[Rev Geophys. 31 , 173 (1 993); U.S. Geol. Sun/ 
Prof Paper 1570 (19931, p 2791. 

6 D J Wuebbes and J. S Tamaresls, n Atniosphe~~c 
Methane: Sources. Si~iks, ana Role 111 Globai 
Change M A K K l ia l  Ed (Springer. Bern,  1993) 
pp. 469-513. E. G Nsbet. Canaa. J. Earth So.  27. 
148 (1990), C K Paull, W Ussler I ,  \n' P. D o n ,  
Geophy Res Lett 18, 432 (1991) 

7. G R D~ckens, J R 0 N e  D K. Rea, R M. Owen, 
Paleoceanogiaphy 10 965 (1 9951 

8. G J. \!ermell, Paieobioiogjf 21 , 125 (1 995) 

12 September 1996, 1 Noember 1996 

K n o l l  et al. (1 ) suggest that the  s h ~ f t  111 

8°C measured 111 llnarine carbonates, frolln a 
maxillnlm of 5 ver nnil 111 the  Late Perllnian 
to slightly more than zero per mil by the  
Tr~asslc,  v-as the  result of a redistribution of 
C and C isotopes in the ocean and atmo- 
sohere. However, such an  inter~7retation 
nlns into difficulties w ~ t h  respect to mass 
balance. 

Even with the increased ocean C con- 
centrations proposed by Klnoll et al . ,  the  
residence time of C in  the combined ocean. 
atmosphere, and biosphere would have 
beell n o r e  than 10"vers. Thus. III time 
scales greater than this, the flux of C and C 
isotooes ilnto these reservoirs must have 
very nearly balanced the  flux out of these 
reserl.oirs. 

T h e  613C value of carbonate sedi~nents 
diminished from the  Late Pernlian to the  
Triassic; this means that the  flux of 13C, 
relative to "C, from the  oceans to c a r b o ~ ~ -  
ate sediments. diminished. Without a com- 
pensating process, 13C wo~lld have accumu- 
lated in  the atllnosphere and oceans, and, in 
a time scale of more than 10"ears (Z), the  
813C value of carbonate sediments would 
have increased. However, the C isotope 
record referred to by Knoll et al. sholvs n o  
such rapid rebound. 

T o  balance the  long-term "C budget, 
diminished 613C ln  carbonate sediments 
v-ould 11al.e r eau~red  either din11nlshed or- 
ganic C burlal or enhanced organic C 
oxidation, relative to ino rgan~c  C seiii- 
~ n e n t a t i o n  (3 ) .  Long-term shifts in S1 'C 
values cannot  be explained s ~ m p l y  in 
ternls of redistribution of carbon isotopes 
in the  ocean and atmosphere. 
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I11 their report "Ocean anoxia and the end 
Per~lliall mass extinction" (1 ), Paul B. Wig- 
nail and Richard J .  Tv-itchett argue that 
v-idespread anoxia of the latest Pernliall 
oceans contributed to the  nlost severe mass 
extinction in the  geologic record, ~Vhereas 
Knoll et al. (2 )  d e ~ ~ e l o p  a co~llplex scenario 

in which overturn of deep alloxlc waters 
during the Late Permian led to high atmo- 
spheric CO: a1th resultant cl~nlatlc chang- 
es and phys~ological impact o n  life. 

Studies of .Permian-Triassic deep-lyater 
sequences 111 Japan show that a crash in 
productiv~ty of radiolarialls preceded the  
onset of oxygen-deficient colld~tions in the 
earliest Triassic (3) .  Thus, the re la t~ve tim- 
ing of ocean anoxla and exti~lctions pre- 
cludes a Late Permian anoxic ocean as a 
direct cause (as suggested by LVignall and 
Tv-itchett)  or as an  ~lldirect factor (as in the 
scenario of Knoll et al.) in the  Illass e x t ~ n c -  
tion, althou:,ih the  timing r a m s  the  ques- 
t ~ o n  of anoxia as a result of the extillctioll 
~tself or of ~vhatever caused tlhe massl17e 
die-off. 
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Response: W e  agree with Caldeira that the  
mechanism n7e proposed (1 ) to account for 
large decreases in the C lsotoplc composi- 
tion of surface sea n7ater durine Neo~~ro te ro -  - A 

zoic and Permo-Triassic call work only if 
the  negative excursions lasted for less than 
106 years. It is likely that the  Permo-Trias- 
SIC h o u n d a r ~  excursion ~xrsisteci n o  longer 
than the 10'-year time'scale permitteduin 
K u m p 1 ~ m o d e l  (2) .  A t  the  proposed Permo- 
Triassic houndary stratotype a t  Melshan, 
China,  the stratigraphic interval colltallllllg 
the  excursion is 1 meter thick (3);  a n  earlier 
negat~ve exc~lrsioll describeci 117; Jill (4)  
from a Capitanian-LVujiapi~lgiall houndary 
section in south'i~estern China is confined 

to a conlparably thin stratigraphic interval. 
For the one Neoproterozoic negative excur- 
sion closely collstrailled by radionletrlc 
data, uranium-lead zircon dates o n  volcallic 
rocks just below and just above the  e ~ ~ e n t  
are the  same to within tlhe measurement 
error of one million years (5) .  

In reference to Martin's comment,  our 
mechanism does not preclude the  possibil- 
ity that other accompanying effects also 
played a role in the  extinction. N ~ ~ t r i e ~ l t  
"shock" from the  upv-elling of anoxic deep 
water v-ould he such a subsidiary factor, as 
~ v o ~ l l d  anoxia Itself in hasinal settings helon 

u 

the  mlxing zone. However, we adx~ocate 
elevated CO, as a central mechanism in the  
Permo-Triassic crisis hecause its exoected 
phys1o1og1cal and climatic effects match 
\yell with the ohser~.ed strong selectiv~ty of 
extlllctloll and survival. It is this same pat- 
tern of selectivity that runs counter to ei- 
ther ~ n ~ t r i e n t  deprivation or prolo~lged sur- 
face ocean anoxla being primary kill mech- 
allis~ns for the  bulk of the  ~llarille fauna. 
Broad scenarios for end-Permian llutrlellt 
collapse have a long history, hut most, in- 
cluding that outlilled hy Martin, do not 
illclude s~~fficlell t  strat~graphlc or mecha- 
nistic cletall to permit t e s t i ~ ~ g .  Glven the 
short time scales for the  pulses of exti~lctloll  
and the docume~lted selectivity of groups 
affected. we are left a s k ~ n e  \\-hat nlechallism 
\vould produce global ~liltriellt collapse in 
the time scale l~ldicated and of sufficient 
intelnsity to kill ~learly everyth~ng in  the  
oceans? LVhy should high exercise capacity 
correlate \\-ith survival rather than estinc- 
tion 111 latest Permian nlarllle inr~ertehrates? 
Alnd why should terrestrial ecosystems have 
heen so strongly affected by oceanographic 
events conjectured to have locked up nu- 
trients in the  deep sea? 

Vernle~j and Dorritie propose that CH, 
liberated from permafrost by the heat of SI- 
heria11 flood hasalts could account for the 
geological and paleohiological observations 
noted in our report. Thls provldes a poss~hle 
mechanism Py \vh~ch  Pern lo -T~L~SSIC hound- 
ary volcan~sm could have triggered extinc- 
tions; however, ~t IS iu~~llkely that the quan- 
tity of C H ,  liberated in this f a s h i o ~ ~  would 
have been sufficient to produce the phys~o- 
logical, climatic, or atmospheric effects in- 
terred. The  amount of CH, currently locked 
in pernlafrost is poorly knolvn, hut one can 
make a rough estimate. In Alaskan perma- 
frost, CH , concentrations reach maximum 

values of 400 microatmospheres over depths 
of ahout 1 meter. Tundra currently covers an  
area of 5 X 10' square kilometers, leadillg to 
a global estlmate of 3.5 X 10" moles-close 
to MacDo~lald's recent estinlate (6)  of 2.5 X 
10" moles. T h e  present atmospher~c inven- 
t o r ~  of CO, is 6 X 10" moles. Thus. C H  , 

t 

from a permafrost thalx- coulci not have pro- 

vided the CO, needed for our proposed k ~ l l  
hy hypercapnia. Nor call this mechanism 
account for obser~~ecl isotopic excursions, the 
depletion of atmospheric 0 (currently about 
4 x 10'" moles), a~lo~llalous carbonate pre- 
cipitation, or ertinctioll hefore the Permo- 
Triassic boundary. 

R a r n ~ l n o  notes a recent revision in the  
hiostratigraphic place~l le~l t  of Permo-Trias- 
sic black shales in Japan (7 ) .  These studies 
indicate that the  nlajor interval of carbona- 
ceous lnudstone sed~mentation melltlo~led 
in our article I~egan n o  earlier than the  
latest Permian; however, the transition 
frc111l oxidized radiolarlan cherts and shales 
to ~ul~oxidized, pyrite-bearing sedi~llellts oc- 
curs lov-er ill the section in heds t h o u ~ l ~ t  to u 

he of Capitanian age. I11 the  sectlolls from 
Japan described 1.7; Kakuwa (7 ) ,  hioturha- 
tlon appears to be collfllled largely to gley 
shales a t  the hase of and z~t~tlun the hlack 
shale interval. Conclusions dralx-11 from 
lithologic ohservatio~ls of the Japanese sec- 
tions are of local sign~ficance, representing, 
as they do, a vanishingly snlall sanlple of the 
late Permian ocean floor. T h ~ s  is why lye 
concentrated o n  the  sulf~lr (S )  isotopic ciata 
reported hy Kajixara et al. (8 )  from the  
sanle sections. In  princ~ple,  such data reflect 
chemistry through a much larger region of 
late Permian deep water. T h e  sharp increase 
in the fractiollatioll of S isotopes in sedl- 
mentary pyrite documented hy Kajiwara et 
al. (and interpreteii hy them and us to in- 
dicate 111creasillg deep ocean oxygen venti- 
lation) falls at the  base of the black shale 
interval. A n  attracti1.e explanation for the 
hlack shales, then, 1s that they reflect the 
congruence of transiently high surface pro- 
ciuctivity (associated with the  overturn of 
nutrient-rlch bottom waters) and the  col- 
lapse of henthic invertebrate populations. 
Revised hiostratigraphic correlations from 
Japan are, thus, consistellt with and may 
even strengtllen the  hypothesis explored in 
our article. 

Although Ranlpillo and Vermeij and 
Dorritie focus o n  Permo-Triassic l~oundary 
events, available data favor one or n o r e  
ear l~er  pulses of exti~lctioll  nrithin a Late 
Pernliall i n t e r ~ ~ a l  characterized hy geologi- 
cal and geochemical signatures that are 
unlc-lue or un~lsual 111 Phaneroroic Earth 111s- 
tory (1 ). Any fully satisfying accoiunt of 
boundary extinctions n.ill place thenl se- 
curely in this hroader context. 
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Response: Rampino ( in  his letter) and Knoll 
et al. ( in  their response) attenlpt to refute 
our proposition ( 1  ) that Late Perlllian ma- 
rine invertebrate Inass extinctions coincide 
lvith the widespread developlnent of marine 
anoxia and dysoxia. Their a r g ~ ~ m e n t s  are " 

based o n  diametrically opposed interpreta- 
tions of the  Permian-Triassic deep sea 
record of Japan, and both rely hea\,ily o n  
the  data from the same paper (2) .  Thus, 
neither letter challenges the well-estah- 
lished fact that most Late Per~llian marine 
invertebrates disappeared in shall on^ nlarine 
settings at levels marked by the appearance 
of dysaerobic or anaerobic hiofacies (3). 
Ranlpino notes that the decline of radiolar- 
ians in Iat-ranese sections occurs within a , L 
thin,  siliceous claystone of latest Permian 
age im~nediatelv beneath a thin. hasal Trias- 
sic organic-rich mudstone-a dysaerohic fa- 
c i e ~  12). He  theref~)re argues that the extinc- 
tion (of raiiiolaria at least) occurred before 
the de\~elopment of oxygen-poor conditions. 
Hon~ever, he  does not lllention the e\~idence 
of dysoxic conditions in the claystone, 
namely, c o ~ l l ~ u o n  micronodules of pyrite and 
cliscontinuous la~nination (2).  

Con\~ersely, Knoll et al. ackno\vledge the 
oxygen-poor conditions recoriieil hy the 
clavstone (and the  several meters of bedded. 
grey chert iieveloped l ~ n e a t h  this level) 
and argue that the  organic-rich m ~ ~ d s t o n e  
records improveii oxygenation. This is 
counter to Kakuwa's (and our) interoreta- 
tion that this layer \\.as a dysaerohic facies 
(2)  and is primarily baseii o n  the presence of 
hurro\vs in the  nl~liistone and the interpre- 
tation of pyrite sulphur isotope \~ariations 
(4) .  Kakun~a onlv illustrateii millimeter- 

sired hurro\\-s from the  claystone and mud- 
stone, b ~ l t  did not d i ~ c ~ ~ l n e n t  trace fossils 
fronl the  underlymg grey cherts. 

Our  observations of the chert ~chnofah- 
rics reveal then1 to be pervasively hiotur- 
bated by centimeter-sized b~~rrolvs,  test~mony 
to s u h s ~ n t ~ a l l y  hettel. benthic oxygen values 
than those of the or~anic-rich mudstone. 
T h e  ichnofabrics, therefore, reveal a story of 
gradually declining benthic concentrations 
of 0 in the Late Permian record of Japan, 
culminating in low dysoxic condit~ons at the 
Permian-Triassic bo~~ndary .  Identical chang- 
es are seen in contemporaneous shelf sec- 
tions (5). Pyrite E3'S variations show a sharp 
negative slving in the organic-rich m ~ ~ d s t o n e  
(4) ,  which Knoll et al. interpret as a signat~lre 
of a f~llly oxygenated water column. Honev-  
er, strongly negative values of pyrite sulphur 
(S)  can also indicate intensely anoxic con- 
ditions such as those pertaining in the 
present-day Black Sea, where sulph~de dis- 
proportionating bacteria repeatedly process 
and lighten ele~nental S (6). Sulf~lr isotopes 
of evaporites provide Illore conclusive, less 
equivocal evidence of global changes in the 
S cycle. These reveal a rapld positive swing 
beginning in the latest Permian and con- 
tinuing into the Early Triassic (7), which 
indicates a lnajor phase of pyrite burial and 

oceanic anoxla. This evidence alone seems 
sufficient to rule out the scenario of oceanlc 
overturn and vent~lation proposed by Knoll 
et al. (8). 
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HLA Sequence Polymorphism 
and the Origin of Humans 

111 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 lymphocyte antigen 
(HLA)  sequence polymorpl1isnl. Ayala ( i )  
argues that the data o n  primate HLA class 
I1 sequence diversity contradicts the "Mito- 
chondrial 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~~mptions  a h o ~ ~ t  the  numher 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 
lineaees are iieriveii from 10s coalesce to)  a " 
single fo~lnding lineage. T h e  hypothesis as 
stated by C a n n  et al. (3) sinlply postulated 
that this f o ~ ~ n d i n g  lineage \\.as African anii 
that the coalescence time was o n  the  order 
of 100,000 to 200,000 years. T h e  identifi- 
cation of a na r t i c~~ la r  foiundinu African - 
n1tDNA lineage says nothing ahout the size 
of the  human uopulation at that time. A n  
estimate of the  effective human population 

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 o n  classical poly- 
nlorphis~ns (5) and Y chromosome-DNA 
markers (6), are also o n  the order of 10,000 
individuals. Ayala argues that,  ~ \ ,hen  one 
considers various sources of error, these es- 
timates are not  inconsistent with his esti- 
mate of luore than 100,000 individuals from 
the  HLA data. In  our vie~\r, hoxvever, a 
Illore realistic appraisal of the  HLA class I1 
sequence polymorphism also leads to a n  hTc 
of about 10.000. in line with hT estimates , , 

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

HLA class I1 loci (for example, DRB1) is 
localized to the seconii exon. \vhich en- 
codes the  peptide binding groove, and, in 
~a r t i cu la r ,  to those coiions encodille a ~ n i n o  - 
acids involveil in interaction with the pep- 
tide and T cell recentor. T h e  crux of the 
argument relating the contenlporary HLA 
polymorphism to the size of the foiunding 
h~u~laan population is the estimated niu~llher 
of alleles that were transnlitteii to the human 
lineage fronl the ancestral species. Obtain- 
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