R

higher plants (13), should lead to the cloning
of more clock components. Will some of
these contain PAS domains, making the use
of this motif universal? Second, are proteins
such as WC-1 and WC-2 (or even PER)
also photoreceptor molecules themselves?
Macino and his colleagues have speculated
this could be so, on the basis of the homology
of the PAS region to part of the chro-
mophore-binding region of PYP (7). Model-
ing of PAS domains based on the PYP struc-
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ture may indicate whether the domain is at
least a structurally, if not evolutionarily, con-
served motif. Whatever the answers one
thing is clear: The study of photosensory pro-
cesses and the the circadian clock must now
proceed hand-in-hand.
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Monte Verde and the Pleistocene
Peopling of the Americas

David J. Meltzer

The publication of the second and final
volume on the Monte Verde site in southern
Chile by Dillehay of the University of Ken-
tucky (1) marks a milestone in American
archaeology. For over half a century, and
with increasing rancor over the last few de-
cades, archaeologists have sought and dis-
puted evidence of a human presence in the
Americas that predates the Clovis archaeo-
logical culture (~11,500 years before the
present). Scores of pre-Clovis contenders
have come forward, only to wither under criti-
cal scrutiny. So many have failed that the
archaeological community has grown highly
skeptical of any and all pre-Clovis claims (2,
3). Few archaeologists would exclude the
possibility that earlier evidence might be
found, but most were unwilling to take such
claims at face value. In the face of that accu-
mulated skepticism, it was clear that the first
site to break the Clovis barrier would have to
effortlessly hurdle the traditional criteria by
which early sites are judged (4): unambigu-
ous artifacts or human skeletal remains in
unimpeachable geological and stratigraphic
context, chronologically anchored by secure
and reliable radiometric dates.

The Monte Verde site was excavated
from 1977 to 1985 and subsequently ana-
lyzed by Dillehay and an international and
interdisciplinary team of nearly 80 collabora-
tors. The remains they recovered are extraor-
dinary. The Pleistocene occupants of Monte
Verde camped on the sandy banks of
Chinchihuapi Creek. Soon after their depar-
ture, water and fibrous peat spread over the
site, blanketing the living surface, slowing
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the normal processes of decay and richly pre-
serving many organic remains. Excavations
recovered parts of nearly 70 species of plants
(most unusually, in the form of chewed leaves),
many of which have economic or medicinal
value and were gathered from sources up to 400
km distant. Other remains included mastodon
(Gomphothere) meat and bone with soft
tissue adhering; wooden
lances and mortars, as well
as planks and stakes that
formed the foundation of
a tentlike structure evi-
dently draped with mas-
todon hide; and hundreds
of stone artifacts, includ-
ing distinctive projectile
points, spherical stones
interpreted as bolas, and
cutting and scraping tools
that lack inherent at-
tributes marking them as
obviously the work of hu-
man hands but occur in a
context bespeaking a cul-
tural origin (1).

This material was
found on a complex occu-
pational surface repre-
senting the activities of a
group living on site for
what Dillehay estimates was roughly 1 year.
Nearly 30 radiocarbon ages were obtained
from charcoal, wood, and ivory materials on
the occupational surface and from the strata
bracketing that layer. These securely place
the age of the occupation at ~12,500 before
present (5).

Since finishing the excavations, Dillehay
has directed a painstaking analysis of the site
materials and spatial patterning, reported in

Signs of life. Stone implements
found at the Monte Verde site dating
to 12,500 years ago.

a volume of over a thousand pages (1). The
effort was analytical overkill. Yet, overkill
was necessary, given the great skepticism fac-
ing this (or any) potentially early site and the
doubts about Monte Verde’s antiquity that
have been expressed since the site’s discov-
ery was announced over a decade ago. The
first volume (6) on the site resolved some of
those initial concerns; the second volume
puts the remainder to rest. These volumes,
and an examination of the site and its collec-
tions in January of 1997, convinced a group
of Paleoindian specialists—staunch skeptics
among them—that the Monte Verde site is
indeed archaeological and ~12,500 years old.

As such, its implications are profound.
Although onlyslightly more than a thousand
years older than Clovis, the site’s great dis-
tance from the Bering
Land Bridge (the entry
route from Siberia) indi-
cates initial arrival in the
Americas must have oc-
curred much earlier than
12,500 years ago. How
much earlier depends
partly on obstacles en-
countered along the way:
Interior and coastal routes
south from Alaska, for ex-
ample, were impassable
for long periods (~20,000
to after ~13,000 years be-
fore present on current
evidence), as continental
glaciers formed a physical
and, for several millennia
after their retreat, an eco-
ogical barrier to migra-
tion (7). Italsodependson
how quickly these groups
adapted to the diverse and (as they moved
south) increasingly exotic and unfamiliar
New World, how easily they coped with
novel pathogens and diseases (8), and how
they maintained their population size and
reproductive viability, contended with the
potential genetic costs of inbreeding, all
while living in relatively small numbers
spread thinly over large and apparently
unpopulated continents (3). On the basis of
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what is currently known of these variables,
Monte Verde would imply an arrival in the
New World before 20,000 years ago.

This, in turn, raises the question of why
traces of the initial migrants have not proven
more evident in North America, through
which they must have passed en route to
South America. There are hints of an early
presence, but agreement has not been
reached on these sites, and none have been
as thoroughly documented as Monte Verde.
Importantly, the acceptance of Monte Verde
and its demonstration of a deeper antiquity
in the Americas is not warrant to accept
previously rejected pre-Clovis claims from
the Americas. If a site was not old before
Monte Verde, it will not become any older
because of Monte Verde. Meadowcroft
Rockshelter (Pennsylvania), with human
occupations apparently from more than
14,250 years ago (9), may prove the excep-
tion to that rule (3).

That more traces of early peoples have yet
to be found raises the possibility that the
initial migrants were so few and widely scat-
tered they were for a considerable time
archaeologically invisible (10). It also suggests
that archaeologists may not have looked in
the right places or in the right way for poten-
tially early sites (11). But if history is a guide,
more early sites will soon emerge, as they did
on the heels of the Folsom (New Mexico)
discovery in 1927, which first proved humans
had arrived in the Pleistocene (12). Discover-
ies such as these yield important leads in the
search for other sites, which in turn help fill in
the archaeological details of the colonization
process. Those details will be of considerable
general interest in understanding migration,
adaptation, and population dynamics (13), as
this case is one of the few instances in which
fully modern humans radiated into a previ-
ously uninhabited continent.

Monte Verde’s acceptance will also rever-
berate beyond American archaeology. Ge-
neticists and linguists have actively sought,
through analysis of modern Native Ameri-
can populations, clues to the number, tim-
ing, and antiquity of migratory pulses into
the Americas (14). The Monte Verde evi-
dence may ultimately help refine the cur-
rently varied mitochondrial DNA mutation
rates used in molecular clocks (15). It also
raises questions about the number of popula-
tions in the New World at the end of the
Pleistocene, such as whether the groups at
Monte Verde and Clovis represent the same
or separate migratory pulses. Resolving these
questions will have implications for our un-
derstanding of the diversity of the founding
population (or populations) and the debate
over the phylogenetic history of contempo-
rary Native American populations (16).

Some 70 m away from the 12,500-year-
old deposits, Dillehay’s team recovered
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traces of a separate occupation that appears
to date to >33,000 years before present.
Dillehay (1) remains noncommittal about
those materials. He feels further excavations
are required to confirm this occupation. If
confirmed, its implications will be even more
profound. Until then, however, those inter-
ested in the peopling of the Americas have
plenty to occupy themselves, in the effort to
fully explore the ramifications of the 12,500-
year-old occupation at the site.

References and Notes

1. T. Dillehay, Ed., The Archaeological Context, vol.
Il of Monte Verde: A Late Pleistocene Settlement
in Chile (Smithsonian, Washington, DC, 1997).

2. D. K. Grayson, Ethnol. Monogr. 12, 107 (1988).

3. D. J. Meltzer, Annu. Rev. Anthropol. 24, 21
(1995).

. C. V. Haynes Jr., Science 166, 709 (1969).

. T. Dillehay and M. Pino, in (1), pp. 41-52.

. T. Dillehay, Paleoenvironment and Site Context,
vol. | of Monte Verde: A Late Pleistocene Settle-
ment in Chile (Smithsonian, Washington, DC,
1989).

7. C. A. S. Mandryk, in Megafauna and Man, L. D.
Agenbroad, J. |. Mead, L. W. Nelson, Eds. (The
Mammoth Site of Hot Springs, Hot Springs, South
Dakota, 1990), pp. 67-79.

8. M. P. Belich et al. [Nature 357, 326 (1992)] and

[0, BN

D. |. Watkins et al. [ibid., p. 329] identify some of
the long-term genetic consequences of encoun-
tering tropical pathogens.

9. J. M. Adovasio et al., Am. Antig. 57, 327 (1990).

10. F. Hassan, Demographic Archaeology (Aca-
demic Press, New York, 1981).

11. K. W. Butzer, in The First Americans: Search and
Research, T. D. Dillehay and D. J. Meltzer, Eds.
(CRC Press, Boca Raton, FL, 1991), pp. 137-156;
M. B. Collins, ibid., pp. 157-182.

12. D. J. Meltzer, Adv. Archaeol. Method Theory 6, 1
(1983). A comparable situation occurred in Eu-
rope after the initial acceptance of the Paleolithic
[D. K. Grayson, Establishment of Human Antig-
uity (Academic Press, New York, 1983)].

13. J. Moore, Natl. Geogr. Res. Explor. 10, 10 (1994).

14. J. Greenberg et al., Curr. Anthropol. 27, 477
(1986); T. Schurr et al., Am. J. Hum. Genet. 46,
613 (1990); D. Wallace et al., Am. J. Phys.
Anthropol. 68, 149 (1985). Summarized in D. J.
Meltzer, Evol. Anthropol. 1, 157 (1993), and E.
Szathmary, ibid., p. 202.

15. N. Bianchi and F. Rothhammer Am. J. Hum.
Genet. 56, 1236 (1995). See, for example, P.
Forster et al., ibid. 59, 935 (1996); R. Lundstrom
et al., Proc. Natl. Acad. Sci. 89, 5961 (1992); A.
Torroni et al., ibid. 91, 1158 (1994).

16. R. L. Cann, Am. J. Hum. Genet. 55, 7 (1994); D.
A. Merriwether et al., Am. J. Phys. Anthropol. 98,
411 (1995); A. Torroni et al. Genetics 130, 153
(1992); K. Weiss Proc. Natl. Acad. Sci. 91, 833
(1994).

17. | thank J. M. Adovasio, T. D. Dillehay, and D. K.
Grayson for their comments.

MEPICINE%

O.uenching the Spark in the Heart

David T. Yue

The human heart is a marvel of inspired
engineering that faithfully supplies blood to
the body by contracting over 3 billion times
in a lifetime. Most of us blissfully ignore its
smooth functioning until this biological
pump begins to fail, with lethal consequences
apparent in any intensive-care unit. What
goes wrong in heart failure remains unclear,
in part because there are so many potential
problem spots in heart excitation-contrac-
tion (EC) coupling—the complex choreog-
raphy of CaZ* signaling and chemomechanical
transduction that underlies each heart beat.
On page 800 of this issue, Gémezetal. (1) use
high-resolution, intracellular CaZ*-imaging
techniques to reveal that much of the prob-
lem resides at a single step in the EC cou-
pling of hypertrophied and failing hearts.
This discovery promises to simplify under-
standing of heart dysfunction. But the result
is all the more satisfying because the nature
of the defect would not have been recog-
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nized without insight from fundamental
studies of EC coupling.

Our understanding of EC coupling has
changed dramatically over the past few years.
In older, “common-pool” (2) theories, each
cardiac contraction was thought to occur as
follows (see figure, part A): (i) Electrical exci-
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tation sweeps across the surface of a heart. (ii)
This depolarization opens voltage-gated,
dihydropyridine-sensitive = Ca?t  channels
(DHPRs), allowing an influx of Ca?t that
modestly increases a common pool of intracel-
lular Ca?* (Caymmon)- (iii) This increase in
Caommon triggers the opening of ryanodine-
sensitive intracellular Ca?* channels (RyRs)
(3). The resulting efflux of Ca?* from the sar-
coplasmic reticulum causes a far larger increase
of Caymmon: (iv) This increase activates the
contractile machinery, causing contraction.
Recently, a growing body of data (2, 4-6)
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