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Microchronology and Demographic Evidence 
Relating to the Size of Pre-Columbian 

North American Indian Populations 
Dean R. Snow 

Recent estimates for the size of the aggregate North American Indian population in A.D. 
1492 vary from about 18 million to less than 2 million. The unusually favorable archae- 
ological characteristics of Mohawk Iroquois sites in eastern New York have allowed a 
detailed demographic reconstruction of one case for the period A.D. 1400 to 1776. The 
case indicates that exogenous epidemics did not reach the region until the 17th century 
and supports arguments favoring the lower populations estimates for North America as 
a whole. 

T h e  sizes of pre-CoIumbian populations in 
the Americas have been the subjects of 
scholarly debate in recent years ( 1  ) .  T h e  
debate has been prompted mainly by the 
hypothesis that unrecorded exogenous pan- 
demics reduced American Indian popula- 
tions by very large fractions during the 16th 
century (2 ) .  T h e  hypothesis presumes that 
the earliest pop~llation estimates available 
from doculnentarv sources for North Amer- 
ican Indian populations are, more often 
than not,  postepidemic counts, and that 
numbers lnust have been higher prior to 
A.D. 1492. How much higher depends on  
the severity and ubiquity of the pandemics 
pres~lrned to have occurred between A.D. 
1492 and the earliest available counts (3). 

A remnant population of 2000 implies a 
preepidemic population of 10,000 if 80% 
mortality is assumed, but the reconstructed 
initial figure is twice that sire if the mortal- 
ity rate is raised by only another 1096. Thus, 
for North  America alone, one scholar puts 
the estimate at 18  million for A.D. 1492, 
whereas several others argue for a figure 
about a tenth that size (2 ,  4 ,  5 ) .  

There is n o  evidence for exogenous pan- 
demics in northeastern North America be- 
fore A.D. 1616, even though they began a 
century earlier in areas of Spanish settle- 
ment around the Caribbean (6 ) .  Two of the 
reasons for the lag appear to be the quaran- 
tine effects of small crew sizes and long 
crossing times before A.D. 1600. However, 

Department of Anthropology, University at Albany, State 
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the most important factor was the absence 
of children in parties of Europeans making 
contact with American Indians outside the 
sphere of Spanish colonization. Smallpox 
and the other exogenous epidemics that 
devastated American Indian populations 
were childhood diseases in Europe at the 
time: nearlv all Euronean adults were survi- 
vors 'of these childcood illnesses who en- 
joyed lifelong immunity and were not con- 
tagious to  the susceptibles they might con- 
tact. T h e  Spanish brought children with 
them early, with devastating effects. Chil- 
dren did not accompany French, Dutch, 
and English colonists until much later. 

If timing was important, so too was the 
ubiquity of diseases. Although it is an es- 
sential comnonent of anv scenario involv- 
ing dramatic widespreah population de- 
clines in the 16th century, it has not  been 
demonstrated that every epidemic became a 
continent-wide pandemic. T h e  available 
evidence is more consistent with natterns of 
local and regional epidemics that affected 
some parts of the continent decades (sorne- 
times centuries) before others (4 ,  5) .  

T h e  hdohawk Indian nation was and is 
one of the constituent nations of the 
League of the Iroquois. Data frotn the Mo- 
hawk archaeological site sequence in New 
York State provide support for the lower 
current estimates of pre-Columbian popula- 
tion sizes (Fig. 1 ) .  T h e  Mohawks practiced a 
northern swidden form of horticulture that 
entailed village relocations every decade or 
two. Mohawk villages were compact, usual- 
ly palisaded, and regular in their construc- 
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Fig. 1. Mohawk sites in and around Montgomev County. New York. Vllage sites used In ths  study, most 
of whch are shown. are identfied by thehr site numbers. Vrtualy all of the sites f a  into the critical tme span. 

Table 1. Thirty-eight radiocarbon age determinations on Zea maize kernels. The ages, given n years 
before present (years B.P.), have been corrected for stable carbon isotopes, and the dates were 
calibrated whth the Calib 2.0 and 3.0 programs (12). 

Lab . 
number ' 

I4C age Shte name Cahbrated dates A.D 
(years B.P.) - I u (mean[s]) + 1 a 

Caughnawaga 
Wormuth 
Wormuth 
Garoga 
Klock 
Smth-Pagerie 
Oak Hill iil 
Cayadutta 
Otstungo 
Rumrill-Nayor 
Elwood 
Horatio Nellis 
Otstungo 
Otstungo 
Otstungo 
Otstungo 
Otstungo 
Garog a 
Klock 
Smith-Pagerie 
Oak Hill iil 
Cayadutta 
Rumrill-Nayor 
Elwood 
Horatio Nellis 1 
Turnbull 
Chapin 
Briggs Run 
Cayadutta 
Cayadutta 
Turnbull 
Briggs Run 
Garoga 
Elwood 

tion. such that we have been able to derive 
reaso~lably accurate population sizes from 
measurements of village sires (7). T h e  peri- 
odization of about 60 site c o ~ u p o ~ ~ e l l t s  has 
allowed us to aggregate village populations 
into Mohawk p o p ~ ~ l a t i o n  levels for each of 
16 brief periocls in  the span of A.D. 1400 to 
1776. W e  can therefore track one Ameri- 
can Indian population through the  process- 
es of contact with Europeans and epidemic 
depopulation. 

T h e  Mohawk case is complicated by so- 
ciopolitical processes that were also operat- 
ine in the 16th century. In the urevious " 
century, there were a larger number of small 
Mohawk communities, usually havi~lg  popu- 
lations of 200 or less. Warfare with other 
natlons caused the Mohawks to nucleate 
into a smaller number of larger villages built u " 
on more defellsive sites 111 the 16th century. 
If the large increase in average village size is 
not taken into consiileration, the decrease in 
the numlxr of villages call be misintevreted 
as evidence of rapiil population decline. T h e  
shift also entailed a cornpactillg of the village 
populatio~ls (8, 9) .  Whereas in A.D. 1450 
there \yere about 20 m2 of village area per 
inhabitant, that number shrank to  12 111' by 
A.D. 1550 (7). These ratios have been de- 
rived from measurement of several I roq~~oi s  
villages for which the numbers of inhabit- 
ants are i~denendent lv  k11o\v11. 

T h e  case is also colnplicated by migra- 
tion. Net  i~n~vligration augmented fertility 
and swelled the  Mohawk population in 
some periods. Several investigators have 
used ceramics and trace e le~nents  to docu- 
ment  these lnovelllents (10).  Ne t  emigra- 
tion, o n  the  other hand, combined with 
lllortality to increase the  rate of iiecline in 
other periods. 

T h e  Ivlohawk case is still further compli- 
cated by the  difficulty inherent in working 
out archaeological sequences in  which oc- 
cupation periods may have been as short as 
a decade or less and village commcmities 
sometimes reoccupied previously used sites. 
T h e  sequence l ~ a s  heen based mainly o n  
analyses of wative ceramics. However, re- 
cent advances in our understanding of the 
historiea of key trade itenls have clarifieci 
the  later part of the  sequence (9 ,  11 ). 

Clarification of the  earlier part of the 
sequence has heen aided hy radiocarbon age 
deter~llinations carried o ~ ~ t  hv the accelerator 
mass spectrometry (AMS) laboratory at the 
Universitv of Arizona. Carbonized wood 
salllples are unreliable because they might he 
decades older than the hearths from which 
they are taken. Conseiluently, 38 age deter- 
millations \yere obtained o n  kernels of Zen 
mnire, which were most likely carbonized 

M-7732 370 i 48 Cromwell 1443 (1 487) 1629 and deposited within a year of their growth. 
AP-7733 488 i 52 Cromwell 1409 (1 426) 1441 T h e  resulting dates were correcteil for stable 
AP-8369 635 i 45 Brggs Run 1282 (1 302, 1372, 1382) 1392 
AA-8370 585 i 40 Garoga 1304 (1 329, 1348, 1392) 1409 carbon isotopes anii calibrated with the 

Calih 2.0 and 3.0 programs (1 2)  (Table 1).  
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Table 2. Site period revisons based on radiocarbon age determinations 

S te  tiumber S~ te  name Expected age [A.D.) Revised age(s) (A.D ) 

Caughnawaga 
Wormuth 
Otstungo 
Klock 
Smth-Pagerie 
Oak H I I  81 
Rumr~ll-Naylor 
Horatlo Nellls 
Cayadutta 
Turnbull 
Elwood 
Cromwell 
Brlggs Run 
Garoga 

T h e  A M S  age i le termi~~at ions  allon~ed us 
to imorove the earlier part of the chronol- 
ogy soinecvl~at and to calibrate it calendri- 
cally. More importantly, it confirined cases 
where ceramic evidence had previously sug- 
gested that 16th- and 17th-century v~llages 
were constructeii over mc~ch snlaller 15th- 
century village sites (Tahle 2).  T h e  se- 
quence is reported in detail elsewhere (9). 

Tahle 3 summarl:es Mohawk \,illape sites - 
anii their probable aggreyte population sizes 
by their periods of occupation. Because 
these flg~~,res are hased on maxirn~uln village 
sl:es, they proliably reflect population sizes 
at the encis of perioiis \vhen the population 
\vas gro\viqg or at the beginnings of perloiis 
\vhen it was ileclin~ng. 

Because the search f t ~ r  Mohawk villages 
has been intense for over a century anii 
hecause thev were usuallv located in airricul- 
turally productive setti~lgs that are heavily 
Farmed today, it ih unlikely that many sites 
remain un~iisco\,cred. Thus, Table 3 proha- 
bly accounts for most, if not all, of the Mo- 
hawk 'opulation resiiiing in their traditional 
territory bet\veen A.D. 1400 and 1776. 

T h e  total Moha\vk population was pro[?- 

Table 3. Mohawk villages and aggregate popula- 
tions by perod. A.D. 1400 to 1776. 

No, Of Population villages 

A.D. 1755-1 776 
A.D. 1712-1755 
A.D. 1693-1 71 2 
A D 1679-1 693 
A.D. 1666-1 679 
A.D. 1657-1 666 
A.D. 1646-1 657 
A.D. 1640-1 646 
A.D. 1635-1 640 
A.D. 1626-1 635 
A.D. 161 4-1 626 
A.D. 1580-1614 
A.D. 1560-1 580 
A.D. 1545-1 560 
A.D. 1525-1 545 
A.D. 1400-1 525 

ably n o  Inore than 1230 around A.D.  1492. 
It grew steaiiily, but not  ilramatically, 
through the  16th century, even though the 
n u ~ n b e r  of villages simultaneoc~sly occupied 
was declining. There was Illore rapid growth 
near the  end of the century, probably the 
result of an  influx of immig~ants from Jef- 
ferson County anii else\vhere in the Saint 
Lawrence Rlver drainage (1 1 ,  12).  

T h e  Mohawk pop~llation spiked after 
the Dutch established a trading post a t  what 
is now Albany in A.D.  1614. T h e  spike was 
produced by a continuing influx of nligrants 
attracted to the  Mohawk Valley a t  this 
time, esueciallv a c o m m ~ ~ n i t v  of Oneida 
immigral;ts. Olieiiias apparently established 
their own v~llage a t  site 1197 (Fig. 1 )  and 
reinained there for almost two decades. 
Similar consol~dations took place in other 
n u t s  of what are now New York and 011- 

tario for other reasons, bur in n o  case would 
such local population spikes have heen pos- 
sible had epiiieinics hegun in this perioci or 
in the decacies leading up to it. 

T h e  first slllallpox epiiiemic struck the 
Mohawks 111 A.D. 1634, anci hy the  fullow- 
ing year they had moveil to a new set of 
slllaller villages. T h e  archaeological evi- 
dence indicates that the  Mohawk popula- 
tion declined by 63% in less than a year 
(Tahle 3) .  Decllnes of such magnitude are 
attested to by both contemporary iiocu- 
lnents anii siinilar cases in the 212th century 
(9). T h e  decline continueil through the  
succeedine ilecades as euidellllcs of other 
iiiseases afilicteil them, and s~nallpox re- 
turned cyclically to infect susceptible chil- 
dren horn after the  previous appearance of 
the disease. 

Pooulation decline continued to be off- 
set somewhat hy voluntary immigration 
from areas being settleii by E~~ropeans  as 
nel l  as bv the ~ncoruoration of war cantives. 
O n e  village was apparently occupied by 
about 570 Huron iln~nigrants from A D .  
1657 to 1679. T h e  reversal was temporary, 
for Jesuit missionaries encourageii the  Hu- 
rons and Catholic Moha\vks to move with 

the111 to C a l ~ a d a  by A.D. 1679. Thereafter, 
population decline continued steadily until 
the  final departure of Mohawks fro111 the 
valley d u r ~ n g  the American Revolution. 

Mohawk village population sizes can be 
deriveii fro111 the  A.D. 1635 journal of Har- 
n1en van den Aogaert \\.hen it is used in 
concert with archaeological data (7,  13).  
HoLvever, the earliest explicit iiocumentary 
reference to thelr population size is a 111e11- 
tion of three villages and 700 to 800 war- 
riors in a Jesuit source from A.D.  1642 or 
1643 (14).  If, as suggested by a consensus of 
17 th -cen tc~r~  sources (7), warriors account- 
ed for a quarter of the  population, this leads 
to total population of 2800 to 3200 Mo- 
l~awks a t  that time. This figure is consistent 
Lvith the  archaeological data for the  years 
just after the first epidemic. 

If ,  as has been advocated by a few inves- 
tigators ( 2 ) ,  one assumes that there were 
unrecorded pandelnics 111 the 16th century 
and that the  earliest documented figures 
account for only 10% of the  pre-Columbian 
population, an  A.D.  1492 population of 
28.000 to 32.000 Mohawks is oroiected. 

L ,  

However, the  Mohawk case shows that 
there is n o  archaeological support for such a 
high figure. There is clear evidence for local 
development of the  k l o l ~ a ~ v k  population 
fro111 A.D. 1400 and hefore. n o  evidence of 
large migration into the  area in the 15th 
century, anil no  eviiience of village sites 
that accommodated Inore than 1230 people 
a t  that time. There is no  support for the 
notion that ubiquitous pande~nics swept the  
region in the 16th century. 

There  are few reeions in North  America 
where demographic change over time can 
be measured by archaeological llleans as 
well as has been aossilile in the Mohawk 
case. Nevertheless, it is reasonahle to argue 
that if there \\.ere as lnany as 18 million 
Inilians in North  America in  A.D. 1492, 
archaeologists should be able to identify 
e n o ~ ~ p h  contelnL>orarv sites to  accommodate 
a t  least a large Laction of them. Proponents 
of the higher estimates have not demon- 
strated that the sites exist to house that 
lnany people. It is reasonable to conclude 
that Ubelaker's estimate of just under 2 
million (5) 1s closer to the mark. 
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Lvay may be high by as much as 60" to 80°C 
\vllen compared to measurements made by 
following the chromophore disappearance 
by ~nonitoring changes in the  ultraviolet 
(UV) absorption spectruln after heating 
16).  T h e  D S C  measurements have, howev- 
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chromophores over their dialkylaminophe- 
nyl-substituted analogs is a surprising, but 
apparently quite general, phenomenon (5). 
T h e  stability of the electric field-poled or- 
dering can he ilnproved by incorporating 
these clle~nically stable chromophores into 
polymers such as polyilnides that have very 
high T,'s (7). 

Incorporation of N L O  chromophores 
into volvmers can he accomnlished in  sev- 

Exceptionally Thermally Stable Polyimides for 
Second-Order Nonlinear Optical Applications 

T. Verbiest, D. M. Burland," M. C. Jurich, V. Y. Lee, 
R. D. Miller," W. Volksen 

The thermal stability of the electric field induced poled order in a new class of second- 
order optically nonlinear polymers, "donor-imbedded" s~de-chain polyimides containing 
no flexible connectors or tethers to the nonlinear optical (NLO) chromophore, is inves- 
tigated. In these polymers, the electron-donor part of the chromophore is a diaryl- 
substituted amine that is incorporated as a part of the polymer backbone. The donor- 
imbedded systems used In this study have exceptional chemical stabilities at elevated 
temperatures (350°C) and impressive poled order stability at extremely high temperatures 
(300°C). In both respects, they were significantly more stable than a true s~de-cha~n 
poly~mide w~th  a slmilar NLO-act~ve chromophore covalently linked to the polymer back- 
bone by a flexible tether group. 

L 1 

era1 ways: hy dissolut lo~~ in a polymer host 
( a  guest-host system); hy covalent bonding 
of the chromophore to the polymer by a 
flexlhle tether group ( a  side-chain system); 
or bv incorporation of the  c h r o m o ~ ~ h o r e  
into the polymer backhone ( a  1nai11-chain 
or imbedded side-chain system). Each of 
these svstems has its own set of advantaoes 
and disadvantages, but it is generally be- 
lieved that covalently bonded polymers, ei- 
ther side chain or main chain, will ultimate- 
ly he necessary for use in practical devlces. 

W e  report the  exceptional ther~nal  sta- 
bility of the electric fielii-induced (poled) 
order in a class of polyilnides in which the 
electron donor group of the chrolnophore is 
incorporated directly into the  hackbone of 

Second-order optically nonlinear polylllers 
have potential uses for second-harmonic 
generation (SHG)  (frequency doubling) ( 1  ) 
and for very high speed op t~ca l  switching 
and modulation 12).  In  order to realize this 

the  optical nonlinearity, as measured hy 
the  electrooptic coefficient r (4), t o  be 
stable during processing and prolonged 
use, the  chrolnophores lllust be chemically 
stable a t  all temveratures that  the  svstem 

potential, however, the polymers must 
withstand temperature excursions during 

encounters and the orlentatlon of the chro- 
monhores must be m a ~ n t a l n e d  a t  these 
temperatures as well. Recently a class of 
nonlinear optical ( N L O )  chromophores 
contain in^ diarvlamino donor substituents 

processillg that may approach or exceed 
300°C and prolonged operation tempera- 
tures of LID to 100°C. Here \ve describe a 
class of exceptionally stable optically n o r -  
linear polyimides some of whose members 
can be used for periods lollger than 1000 
hours a t  temperatures of 225°C and above 
\vithout anv measurable decrease in  nonlin- 

- ,  
with s ~ ~ l x t a n t l a l  o p t ~ c a l  n ~ n l ~ n e a r i t y  and 
high thermal stabilit\- has been described 
1.5). Chrornonhore 1 is such a chro- ~, 

mophore. It is a variant of the  well-known 

earity and ;hat can be held at temperatures 
greater than  300°C for tens of Inmutes 
without thermal deeradation or suhstant~al 

0 

loss in optical nonlinearity. 
A n  electrooptic polymer consists of a 

d~polar  chromophore either dissolved in or 
chemically attached to a polymer backbone 
(3). T h e  s\-stem is made opticall\- nonlinear 
by ralslng the  polymer-chromophore system 
above its glass transition temperature Tg in  
the  presence of a n  electric field. T h e  elec- 
tric field orients the  dipolar chromophores, 
and after orientation the svstem is returned 

d\-e molecule Disperse Red 1 ( c h r o n ~ o ~ h o r e  
2 )  which is stable up to  temperatures of 
309°C. T h e  substitution of the two ~ h e n v l  

to  a lower operating temperature hefore 
removal of the  poling field. I n  order for 

L ,  

groups for the  alk\-l groups increases the 
stability to 393°C. In  both cases, the  ther- 
mal stahlllt\- is estimated by differential 
scanning calorimetr\- (DSC)  a t  a heating 
rate of 20°C Der minute. T h e  value of the  

B M  Research D ~ v s ~ o n ,  Almaden Research Center, 650 
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Fig. 1. Chemcal structures of PI-1. PI-2, and 
PI-3. decomposition teinperature obtained in this *To whom correspondence should be addressed. 
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