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Mitochondrial DNA (mtDNA) haplotype diversity was
determined for 63 Chlbcha-speaking Kuna Amerinds
sampled widely across their geographic range in
eastern Panama^ The Kuna data were compared with
mtDNA control region I sequences from two neighbor-
ing Chibchan groups, the Ngdb6 and the Huetar; two
Amerind groups located at the northern and southern
extremes of Amerind distribution, the Nuu-Chah-
Nulth of the Pacific Northwest and the Chilean
Mapuche; and with a single Na-Dene group, the Haida
of the Pacific Northwest. The Kuna exhibited low
levels of mitochondrial diversity as had been reported
for the other two Chibchan groups and, furthermore,
carried only two of the four Amerind founding
lineages first reported by Schurr and coworkers (4m.
J. Hum. Genet. 1990; 46: 613-623). We posit that
speakers of modern Chibchan languages (henceforth
referred to as the Chibcha) passed through a popula-
tion bottleneck caused either by ethnogenesls from
a small founding population and/or subsequent
European conquest and colonization. Using the
approach of Harpending etal. (Curr. Anthropol. 1993;
34: 483-496), we estimated a Chibchan population
bottleneck and subsequent expansion approximately
10 000 years before present, a date consistent with a
bottleneck at the time of Chibchan ethnogenesis. The
low mtDNA diversity of Kuna Amerinds, as opposed
to the generally high levels of mtDNA variation
detected in other Amerind groups, demonstrates the
need for adequate sampling of cultural or racial
groups when attempting to genetically characterize
human populations.

INTRODUCTION

One of the most exciting arenas of human population study is
the New World, which represents the most recent human
colonization of a previously uninhabited continental landmass
(30 000-12 000 years BP; 1). Surviving Native Americans
exhibit remarkable cultural and linguistic diversity; for
example, seven distinct cultural groups, speaking mutually
unintelligible, but historically related languages, live today
within the small country of Panama (2). Another aspect of the

early human settlement of the New World that makes the
Americas an interesting landscape against which to study
human evolution is the rich archaeological record left by
the prehistoric Amerinds (3,4). Panama, with its prosperous
contemporary Amerind populations, wealth of prehistoric sites
and detailed documentary record for the post-Colombian
period, appears particularly promising for the study of human
populations.

Herein we present mitochondrial DNA (mtDNA) sequence
data on the Kuna Amerinds of eastern Panama^ The Kuna
language is assigned to the Paya-Chibchan linguistic phylum,
a family of languages spoken by Amerind groups currently
distributed from Nicaragua to Colombia (2). The majority of
Kuna inhabit the islands of the San Bias Comarca, which
stretch along the Caribbean coast between Colon and Colombia
(Fig. 1). Smaller Kuna settlements are found on the Pacific
slopes of eastern Panama and in the westernmost part of
Colombia.

The origin of the Kunas is not well understood. Some
historians suggest that the Kuna are descendants of the 'Cueva',
a group of Amerind populations of unknown linguistic and
cultural affiliation. The Cueva were first identified by the
Spaniards in the 1500s and inhabited the Pacific coast of
Panama until the late 1500s when it is thought that they were
extirpated by the Spaniards and disease. Other investigators
propose that the Kuna immigrated from Colombia and claimed
the territory vacated by the Cueva. The scarcity of linguistic
data on the Cueva makes it difficult to establish a firm
relationship between the two groups leading Romoli (5) to
support the second scenario. Romoli proposed that the Cueva-
speaking peoples disappeared before the middle of the sixteenth
century, roughly 70 years before the arrival of the Kuna (5).
It has also been proposed that the Kuna may not represent
a distinct Amerind group, but may instead encompass an
agglomeration of remnant Amerind groups decimated during
the Spanish conquest (8). Howe (9) further suggested that
these remnant groups were located in the immediate contact
area between Colombia and Panama^ which was home to
Choc-speaking groups at the time of the conquest, leading to
the possibility of Chocoan origination or admixture in the
Kuna. Although the historical record is ambiguous concerning
Kuna residence on one or both of the Panamanian coasts prior
to the 1800s, it is known that the Kuna moved en masse from
the Pacific to the Caribbean coast and islands beginning in
the mid-1800s due to pressure from Choc-speaking groups
immigrating from Colombia and the development of new
sources of trade and subsistence on the Caribbean coast (6,7).
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Figure 1. Geographic distribution of the three Chibchan groups of lower
Central America (see insert) and location of the Kuna collection sites. The
collection sites are represented by letters and the sample size is given for
each site. A: Isla Carti'-Tupile, B: Isla Cartf-Suitupo, C: Isla Rfo Sidra, D:
Isla Rfo Azucar, E: Isla Nargana, F: Isla Tigre, G: Isla Playon Chico, H: Isla
Tupile, I: Isla Ailigandi, J: Isla Achutupu, K: Isla Mamitupo, L: Isla Ustupu,
M: Isla Mulatupo Sasardi, N: Coetupu, O: Bayano, P: Nurra, Q: Wala.

The main subsistence practices of the Kuna are agriculture
and fishing while hunting and gathering play a secondary role.
Tourism has become increasingly important with the production
of the mola, an applique-type handicraft worn by the women
and sold worldwide. The Kuna maintain a strong political
association with a clear hierarchical structure which, combined
with a closed social organization, has led some to suggest that
they were more resistant than other Amerind groups to the
devastating effects of the European conquest (6,10). This is
supported by the report that the Kuna show one of the lowest
levels of Caucasian and Negroid admixture of all Amerind
groups with mean admixture rates of 2.4 and 2.45%, respect-
ively (11). Like other Chibchan groups (with the exception of
the NgSbe), the Kuna practice uxorilocal marriage customs
meaning that, upon marriage, a husband moves to his wife's
home (11). Since moving to the Caribbean coast and adopting
an insular life-style, Kuna families have tended to settle a
single island and do not migrate far from that site during their
lifetimes.

As an extension to our previous work on the linguistically
related, but culturally distinct Ng6b£ Amerinds of Panamd
(12), we now present mtDNA sequence data on the Kuna
Amerinds. We compare Kuna mtDNA sequence data with
similarly sized samples obtained from five other New World
indigenous groups representing Amerind and Na-Dene popula-
tions: 46 Chibcha-speaking Ngobe from western Panama (12),
27 Chibcha-speaking Huetar from central Costa Rica (13), 63
Nuu-Chah-Nulth of the Pacific Northwest (14), 38 Chilean
Mapuche from the Chilean coast (15) and 40 Na-Dene Haida

of the Pacific Northwest (16). Although Amerind and Na-Dene
groups are linguistically distinct, their geographic ranges
overlap in the Pacific Northwest and there is controversy
whether their entry to the New World was coincident, implying
shared genetic ancestry, or not (12,17).

Recent tribal history, cultural mixing and the dramatic
demographic consequences of European conquest caution
against overzealous cross-cultural comparisons between
sampled New World indigenous groups. However, the consider-
able polymorphism observed in mtDNA may facilitate statist-
ical analyses of anthropological hypotheses concerning social
formative processes and specific cultural histories. At a time
of increasing tribal breakdown through admixture with non-
indigenous peoples, mtDNA may be especially suited to tribal
studies due to the probable asymmetry in the introduction
of mtDNA genes relative to nuclear genes to indigenous
populations (18).

RESULTS

DNA sequence results
Seven mtDNA haplotypes were revealed among the 63 Kuna
individuals sequenced for nucleotide pairs 16 030-16 400
(numbered according to ref. 19) of the mitochondrial control
region I (20) (Table 1). Four of the haplotypes have been
previously reported: K3 was originally described in the
Mapuche (15), K4 was reported for the Ngobe (12),
Nuu-Chah-Nulth (14) and Haida (16), K5 was detected in the
Ngobe (12) and Huetar (13) and K7 has been described in the
Ngobe' (12), Huetar (13), Nuu-Chah-Nulth (14), Haida and
Bella Coola (16). The most common Kuna haplotype, Kl,
with a frequency of 60%, was described for the first time.

Among the Kuna haplotypes, two distinct haplotype classes
were observed (haplogroup A, n = 45 and haplogroup B,
n = 18; haplogroup designations according to ref. 36), each
dominated by a single haplotype with frequencies of 84 and
72%, respectively. Of the 370 nucleotide positions determined,
10 were polymorphic and distinguished the two mtDNA groups
by a minimum of six mutations. Within groups, mtDNA
haplotypes differed, on average, by one mutation. Of the 10
polymorphic sites determined, one was a C-to-A transversion
and the remaining nine sites were transitions (four C-to-T,
four T-to-C and one G-to-A). Nucleotide diversity, 7t, was
determined to be 0.0109.

Three haplogroup A individuals were also sequenced for
nucleotide pairs 39-380 of the mitochondrial control region II
(Table 2). Of the 341 nucleotide positions determined, 17 were
found to be polymorphic including seven transitions (one
C-to-T, one T-to-C and five A-to-G), four insertions (the
insertions at 303 and 304 were non-independent [data not
shown] and were considered to be a single mutational event
although the molecular mechanism of mutation is likely to be
different than that of a single insertion mutation) and one 6
bp deletion (bp 106-111, counted as a single mutational event).
Two individuals exhibited the 6 bp deletion that has been
previously reported in the Ngob6 (12), Huetar (21) and Aymara
of Chile (22). It has been suggested that this deletion may
represent a Chibcha-specific mutation when found in haplo-
group A individuals since all occurrences of the 6 bp deletion
in the Aymara have been in haplogroup D backgrounds (23).
Although preliminary, our results on control region II would
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Table 1. Polymorphic nucleotides, restriction sites and frequency distributions of the seven mtDNA haplotypes reported
in this study

D

Reference

K1
K3
K4
K5
K7

K21
K28

N

38
1
5
1

1 3
1
4

Collection
sites

A-F,H-L,N-Q
I

H,I,L
O

G,H,I
M
H

1

6
1
1
1

C

T
T

1
6
1
8
9

T

c
c
c

1
6
2
1
7

T

c
c
c

1
6
2
2
3

C

T
T
T
T

1
6
2
7
3

G

A

1
6
2
9
0

C

T
T
T
T

1
6
3
1
1

T

C

1

6
3
1

9

G

A
A
A
A

1

6
3
6
0

C

T

T

1
6
3
6
2

T

C
C
c
c

Haelll
663

1
1
1
1
0
0
0

9bp
8272/
8289

2
2
2
2
1

1
1

Alul
13262

0
0
0
0
0
0
0

Alul
5176

1
1
1
1
1

1
1

See Figure 1 for location of collection sites. Numbering according to Anderson el al. (19).

Table 2. Polymorphic nucleotides of individuals sequenced for mtDNA control regions I and II

Region I

D

Reference

K1
K2
K3

1 1 1 1 1 1 1 1 1 2 2 2 3 3 3
6 7 0 0 0 0 1 1 4 5 9 0 3 6 0 0 1
4 3 6 7 8 9 0 1 6 3 0 0 5 3 3 4 3

i i i i
C A G G A G C A T A X A A A X X X C T T C C C C G C T

Region I
1 1 1 1 1 1 1 1 1 1
6 6 6 6 6 6 6 6 6 6
1 1 2 2 2 2 3 3 3 3
1 8 1 2 7 9 1 1 6 6
1 9 7 3 0 0 1 9 0 2

. X X X X X X C G .

. X X X X X X C G .
G C G A

G G G C C C
G G G . C C
. G G . . C

T
T
T

T . A T C
T . A T C
T . A . C

T indicates an insertion mutation following the specified position; 'X' represents a deletion relative to the
sequence(s) being compared

support this conclusion. Due to the non-independence of the
insertions at bp 303 and 304, individuals Kl and K2 could
not be considered to differ in their region I and region II
sequences. Individual K3, however, differed from Kl and K2
at a single position in region I, but differed at six positions in
region II (counting the 6 bp deletion and 303/304 insertions
as single mutational events each) suggesting the possibility
that region II carries more nucleotide diversity than previously
reported (20). Owing to the limited number of control region
II sequences presented, no region II data were used in any of
the statistical, phylogenetic or pairwise difference analyses
presented below.

Restriction fragment length polymorphism (RFLP) results
Two of the four Amerind mtDNA haplogroups defined by
Schurr et al. (24) and Torroni et al. (25) were observed among
the Kuna surveyed: 45 individuals represented haplogroup A
and 18 individuals represented haplogroup B (Table 1). There
was a one-to-one correspondence between the two haplogroups
identified by nucleotide sequence analysis and the two haplo-
groups determined by RFLP analysis. A previous study
revealed only A haplotypes in the Kuna based on RFLP
analysis of 16 individuals (17). However, the previous study
collected samples from a single island, Rib Azucar, whereas

the present study analyzed samples from 14 islands (including
Rio Azucar) and three inland sites.

Statistical and phylogenetic analyses of the Kuna
Phylogenetic analysis of the Kuna resolved the two mtDNA
haplogroups described above. Haplogroup B individuals
derived from just four of the 14 San Bias island populations
and from none of the mainland populations; therefore these
four island populations clustered in the phylogenetic analysis
(PAUP, data not shown). This relationship was investigated
further using AMOVA to test for population subdivision.
Several different population subdivisions were tested (Table
3). Significant interpopulation variances were found for all
population subdivisions in which populations carrying haplo-
group B were tested as part of the same group (e.g. 1-6).
However, when these haplotypes were split or excluded, no
significant interpopulation variance was detected (e.g. 7, 8).

Statistical and phylogenetic analyses of Amerind and
Na-Dene groups
Haplotype and nucleotide diversity values were calculated for
the combined dataset of Kuna, NgObe, Huetar, Nuu-Chah-
Nulth, Mapuche and Haida and are summarized in Table 4.
The Chibchan and Na-Dene groups exhibited the lowest
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Table 3. AMOVA test of Kuna populations

Populations Regional description Interpopulalion variance Significance

(1) A-N vs. O-Q
(2) A-F.O vs. G-N.P.Q
(3) A-F vs. G-N
(4) A-N vs. 0
(5) A-N.P.Q vs. 0
(6) G,H,I,M vs. others

(7) A-H vs. I-N

(8) A-F vs. O

Caribbean vs. Pacific
West vs. East
W San Bias vs. E. San Bias
San Bias vs. Bayano
San Bias + Dan£n vs. Bayano
Populations with hap. B vs.
populations without hap. B
W. San Bias vs. E. San Bias
(splits hap. B)
W. San Bias vs. Bayano

24%
31%
27%
22%
21%
46%

-2.0%

- 5 1%

p = 0.004
p<0.00l
p = 0.008
p = 0.004
p = 0.01
p<0.001

p = 0.40

p = 0.36

haplotype and nucleotide diversities as predicted by previous
work on the Chibcha-speaking Ngobe (12).

The MST network pictured in Figure 2 provided a graphical
summary of the relationships between the 59 mtDNA haplo-
types that have been assayed in the six groups. Although only
one of many possible MSTs, it was consistent with the principal
features of the parsimony and neighbor-joining analyses (data
not shown). A principal result derived from the phylogenetic
analyses was the lack of phylogeographic structure in the
mtDNA haplotype data; there were examples of identical
haplotypes shared by more than one group (KNHC, KNCA,
KNH, CM, KM, CA1 and CA2) as well as genetically
dissimilar haplotypes observed within the same group (Kl,
K28:Kuna; Nl, N15: Ngobe; C7, C26: Nuu-Chah-Nulth; A2,
A6: Haida).

MST-based AMOVA results revealed significant levels of
interpopulation variance among the six groups tested here.
Approximately 20% of the variance was partitioned among
populations and 80% was partitioned within populations (tested
as six populations within one region, p<0.001). When the
three Chibchan groups and the remaining two Amerind groups
were divided into two regions, 7.4% between-region and 13%
interpopulation variance was detected (p<0.001). However,
when the five Amerind groups and the single Na-Dene group
were divided into two regions, no significant regional subdivi-
sion was revealed (p = 0.34).

Interpopulation variances were also tested for pairs of
populations with significant levels determined in all cases
(Table 5; p = 0.002 for Kuna/Ngobe, p = 0.012 for Ngobe/
Huetar analyses and p<0.00\ for the remaining 13 paired
comparisons). Interpopulation variances for Ngobe, Nuu-Chah-
Nulth, Mapuche and Haida populations had been calculated
previously (12). Interpopulation variances ranged from 10%
for the Ngobe/Huetar comparison to 38% for the Mapuche/
Haida comparison. Chibcha/Chibcha comparisons showed
slightly lower interpopulations variances than other population
combinations. Although the population pair separated by the
greatest geographic distance revealed the highest level of
interpopulation variance (Mapuche/Haida—38%), increased
geographic distance did not always correlate with increased
interpopulation variance. For example, the second-most geo-
graphically distant pair, Mapuche/Nuu-Chah-Nulth, had an
interpopulation variance of only 13%.

Pairwise genetic difference distributions
Mismatch distributions were calculated for the Kuna, Ngobe
and Huetar (Fig. 3). Mismatch distribution refers to the pairwise

Table 4. Haplotype and nucleotide diversities for Kuna, Ng(5be\ Huetar,
Mapuche, Nuu-Chah-Nulth and Haida populations

Group

Kuna
NgoW
Huetar
Mapuche
Nuu-Chah-Nulth
Haida

Haplotype diversity

h

0.59
0.76
0.71
0.91
0.95
0.69

Nucleotide

n

0.011
0.013
0.011
0016
0.016
0.007

diversities

E(v)

2.1
2.7
3.1
5.0
5.5
38

count of nucleotide differences within a population (26,27).
All groups shared a peak in their mismatch distributions at six
to nine units of mutational time. A second major peak was
revealed in the mismatch distributions of all three Chibchan
populations suggesting a second, more recent expansion. This
expansion occurred between zero and one unit of mutational
time. While the Kuna and Ngob£ distributions revealed only
two peaks separated by a flat area on the graph, the Huetar
displayed a third peak in this region. Although the significance
of this feature is not completely understood, its explanation
may lie in the fact that the Huetar carry three, not two, of the
four mtDNA haplogroups defined by Schurr et al. (24) and
Torroni et al. (25).

When the three Chibchan groups were pooled and analyzed
concurrently (Fig. 4), the shared second peak occurred at one
unit of mutational time suggesting a Chibchan expansion at
approximately 10 000 years BP (one mutational unit is equiva-
lent to 9300 years as determined in ref. 27 for control region
I data). The uniqueness of this feature is better appreciated
when compared with mismatch distributions of non-Chibchan
groups (Fig. 4). Neither the Nuu-Chah-Nulth nor the Mapuche
displayed a second major peak, although they shared a single
peak at approximately seven mutational units similar to that
exhibited by the Chibchan groups.

DISCUSSION

The Kuna, and neighboring Chibchan groups, exhibited the
lowest levels of mitochondrial diversity yet reported for
Amerind populations. Figure 2 provides a striking visual
depiction of the low diversity of the Chibcha. The Kuna,
Ngobe' and Huetar were each represented by only seven of the
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KUNA NGOBE HUETAR NUU-CHAH-NULTH MAPUCHE HAlDA

Figure 2. Minimum spanning tree illustrating the relationships between haplotypes of the five Amerind groups and one Na-Dene group. The size of each circle
reflects the frequency of that haplotype and different circle fill patterns represent each of the six groups. Circles with more than one fill pattern represent
haplotypes that were found in more than one population and are labeled by a combination of letters representing the groups that share that haplotype. Each line
connecting the circles represents a single mutation except where cross-hatches enumerate mutations greater than one. All Kuna haplotypes are included. The
four unique Ngobe' sequences are labeled according to Kolman et al. (12). The five unique Huetar sequences are labeled according to Santos el al. (13). The
28 Nuu-Chah-Nulth sequences from Ward et al. (14) are labeled CI-C28. The 13 Mapuche sequences from Ginther et al. (15) are labeled M I - M I 3 . The nine
Haida sequences from Ward et al. (16) are labeled A1-A9. The four clusters centered on haplotypes KNCA, KNHC, CM and CA2 correspond to lineages A,
B, C and D, respectively (36). The two unlabeled open circles represent haplotypes that were observed in the Horai et al. (43) collection of Chilean Amerind
mtDNA sequence.

59 haplotypes pictured in the MST, for a total of 16 haplotypes,
as compared with 28 haplotypes for the Nuu-Chah-Nulth, 13
for the Mapuche and nine for the Haida. Furthermore, the
Kuna (and Ngb'be') carried only two of the four mtDNA
haplogroups observed in the non-Chibchan Amerind groups.

A previous study of mtDNA diversity in 16 Kuna revealed
only group A haplotypes but was based on a population sample
taken from a single island (18). Our results based on 63 Kuna
indicate that the absence of group B haplotypes in the previous
study was due to inadequate sampling of the Kuna populations
and not loss through genetic drift as argued by Torroni and

coworkers (18). We do not intend criticism of the earlier
Kuna results as they were reported in a study that broadly
characterized mtDNA variation in six Chibcha-speaking popu-
lations in addition to the Kuna. Although our analysis of 63
Kuna may also overlook the true extent of Kuna mtDNA
diversity, comparison across the two Kuna studies makes
clear the need for extensive sampling, both numerical and
geographical, when attempting to genetically characterize
human populations.

The reduced mtDNA diversity noted for the Kuna was also
apparent at the nucleotide level whether calculated as a current
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0.20

2 4 6 8 10 12

Mutational units

Chibcha

2 4 6 8 10 12

Mutational units

Figure 3. Mismatch distributions for Kuna, Ng6b£ and Huetar populations.
The X-axis represents the number of pairwise differences in units of mutational
difference (1 unit is equivalent to 9300 years; 27). The K-axis represents the
frequency of each pairwise difference and the scale is 0.0-0.4 for all graphs.

Figure 4. Mismatch distributions for the combined dalaset of three Chibchan
populations (Kuna, NgObe' and Huetar) and for the Nuu-Chah-Nulth and
Mapuche The X-axis represents the number of pairwise differences in units
of mutationaJ difference. The K-axis represents the frequency of each pairwise
difference and the scale of the K-axis is 0.0-0.2 for all graphs.

generation, n, or a long term, E(v), value (Table 4). The Kuna
had a 7t value that was 69% that of the Nuu-Chah-Nulth and
the Mapuche and a E(v) value that was 38^-2% that of the
Nuu-Chah-Nulth and the Mapuche, respectively. The diversity
values for the Ngob6 and Huetar were similarly reduced
relative to the other Amerind groups. Excoffier and Langaney
(28) have suggested that, in order to speculate on the evolution-
ary history of a group, one should use an estimator of nucleotide
diversity such as E(v) that is independent of haplotype frequen-
cies and thus measures a long-term average rather than a
current generation value. Therefore, the low levels of genetic
diversity determined for the Chibchan groups do not simply
reflect the current situation, but imply a history of reduced
diversity. It must be noted, however, that it is not possible to
trace Chibchan history prior to their migration to the New
World at which time a reduction in genetic diversity of all
migrating groups is thought to have occurred.

The reduced mtDNA diversity common to the Kuna and
other lower Central American Chibchan groups may reflect
cultural differences among Amerind groups. For example,
Barrantes et al. (29) found increased genetic diversity at the
nuclear level for several South American groups, which was
attributed to their practice of village propagation by the
fissioning of pre-existing villages along family lines. Although
the three Chibchan groups studied here share an agriculture/
fishing-based economy, they practice significantly different
marriage traditions. Specifically, the Kuna and Huetar practice
uxorilocal customs (husband moves to the wife's home) while
the Ngobe practice virilocal customs (wife moves to the
husband's home) (11). This difference suggests that the Kuna
and Huetar may have lower levels of mtDNA flow between

communities relative to the Ngobe' leading to elevated levels
of genetic diversity by virtue of the increased isolation of
Kuna and Huetar communities. As the three groups share
similarly reduced mtDNA diversities, our data provide no
indication that measures of mtDNA diversity are sensitive to
such cultural differences as marriage traditions. On the other
hand, the virtual restriction of haplogroup B to three neighbor-
ing islands (a single group B haplotype was detected on one
non-adjacent island) may indicate that geographic proximity
plays a more important part in determining patterns of mtDNA
variation than marriage traditions.

The reduced mtDNA diversity of the Chibchan groups may
indicate passage through post-conquest population bottlenecks.
It is known that the Amerind populations of Central America
crashed following the Spanish conquest and evidence suggests
that the Panamanian groups were particularly decimated (30,
31). However, the first unequivocal documentation of the Kuna
in Panamd occurred in the 1600s (6), a time of decreased
exploration by the Spanish, leading to speculation that the
Kuna had no or limited direct contact with the Spanish and,
therefore, may have escaped the most devastating effects of
European contact.

An alternative, but not mutually exclusive, interpretation
posits that the reduction of mtDNA diversity in the Chibcha
pre-dates the Spanish conquest of the Americas. Analysis of
eight Chibchan groups (including the Kuna results presented
here) has revealed a preponderance of A and B haplogroups
in the Chibcha with a low frequency of group D haplotypes
documented in the Huetar and Boruca (13,32). The fact that
all Chibchan groups studied thus far exhibit reduced levels of
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Table 5. Interpopulation variances for Kuna, Ng6be, Huetar, Mapuche, Nuu-Chah-Nulth and Haida populations

Ngote Huetar Mapuche Nuu-Chah-Nulth Haida

Kuna
Ngobe"
Huetar
Mapuchet
Nuu-Chah-Nulth

16% 20%
10%

26%
2 1 %
27%

21%
14%
12%
13%

25%
18%
16%
38%
15%

mtDNA diversity argues strongly for an explanation that
provides for a simultaneous origin or cause of the reduced
diversity in the Chibcha. The most parsimonious explanation
for the reduced mtDNA diversity exhibited by all eight
Chibchan groups suggests their common ethnogenesis from a
small founding population. The reduction in mtDNA diversity
may reflect a smaller sampling of the Amerind migration wave
and of the Amerind founding haplogroups carried in that
population.

It is difficult to confirm or discredit either of the two
scenarios presented above and, in fact, they may both have
played a part in Chibchan history. However, Harpending et al.'s
(27) pairwise genetic difference analysis offers a means of
estimating the date of a Chibchan expansion following the
proposed population bottleneck. Mismatch distributions of the
Kuna, Ngobe\ Huetar, Nuu-Chah-Nulth and Mapuche (Figs 3
and 4) shared a major peak at six to nine differences indicating
an ancient expansion (presumably in Asia) at 84 000-55 000
years BP, which corresponds well with the first major expansion
of human populations estimated at 80 000-30 000 years BP
by Harpending et al. (27).

Mismatch distributions of all three Chibchan groups revealed
an additional major peak between zero and one unit of
mutational time. The fact that similar pairwise difference
distributions were detected using datasets from three separate
Chibchan studies makes it unlikely that the distributions were
due to sampling of a particular mtDNA haplotype, but instead
suggests that the distributions reflect the unique population
history of the Chibcha. Simulation analyses were performed
to determine the set(s) of conditions which would reproduce
the pairwise difference distributions revealed in the Chibchan
groups. Using sample sizes similar to the Chibchan samples,
the simulations demonstrated that only a mild population
bottleneck (n = 1500-3000) at one unit of mutational time
produced a major peak between zero and one unit of mutational
time while retaining a major peak at six to nine mutational
units. A more severe bottleneck eliminated the peak at six to
nine units presumably because ancestral lineages had been lost
and a more recent bottleneck produced only a slight peak at
zero to one mutational unit while retaining a basic Poisson
distribution (similar to the Nuu-Chah-Nulth and Mapuche
distributions) presumably because effects of the bottleneck
were not yet manifest. The coincident timing of the zero to
one peak in the three Chibchan analyses suggested that the
hypothesized population bottleneck occurred simultaneously
in these groups. Pooled analysis of the three Chibchan groups
provided an independent estimate of 10 000 years BP for the
Chibchan population expansion. Although this estimate carries
a large but indeterminate error, it should be noted that the date
of 10 000 years BP falls during the 10 000-7000 years BP
time period proposed for ethnogenesis of the Chibchan lin-

guistic stock based on genetic, linguistic and archeologic
evidence (2,4,33).

A second, major peak was also observed in the Na-Dene
Haida at one to two mutational units (12) suggesting that the
Haida may have undergone a recent bottleneck and expansion
comparable with the Chibcha. It is interesting to note that, in
addition to a second peak in their mismatch distributions, the
Haida and the Chibchan groups also shared the lowest mtDNA
diversities reported for New World indigenous groups.

Kuna ancestry
The mitochondrial evidence strongly suggested that the Kuna
were of Chibchan origin and not a mixture of linguistically
diverse Amerind groups. Neighboring Choc-speaking groups
have been found to exhibit increased levels of mtDNA diversity,
including all four Amerind mtDNA haplogroups, as opposed
to the Chibcha (Kolman and Bermingham, in preparation).
The mtDNA evidence, therefore, would seem to disprove
Howe's suggestion that the Kuna were formed from remnant
Choc-speaking groups inhabiting the Darien and northern
Colombia during the time period immediately following the
Spanish conquest (9). This leaves open the possibility, however,
that the Kuna represent an agglomeration of various Chibcha-
speaking groups. Of course, the mitochondrial data address
Kuna ancestry exclusively along matrilines and the data
presented here demonstrate only that Kuna women derive from
Chibchan stock. Past and present co-habitation of the Kuna
with Chocoan groups, who currently have smaller population
numbers but greater mtDNA diversity than the Kuna, offers
the possibility that non-Chibchan origins will be detected in
the Kuna at the nuclear level. If non-Chibchan origins in the
Kuna are indicated by the nuclear data, this would have
fascinating implications for formation of the Kuna cultural
group by suggesting Chibchan descent of Kuna women, but
Chocoan, or mixed, descent of Kuna men.

Isthmian migrations
Archeological and genetic evidence have been used to counter
the previously held idea that lower Central America served as
a continuous migration corridor between cultures to the north
and south. Archeological data suggest that contemporary
Chibchan groups descended from a single ancestral population
which fragmented, in situ, into small, sedentary units during
the Holocene (3,4). Barrantes et al. (33) and Thompson et al.
(34) analyzed several Chibcha-specific protein polymorphisms
and proposed that the Chibcha had maintained an isolated,
long-term presence in lower Central America. The presence
of the four Amerind mtDNA haplogroups north and south of
Chibchan territory not only provides evidence that the Kuna
samples were relatively free of maternal admixture, but also
argues against a history of intermarriage between the Chibcha
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and neighboring groups. In conjunction with the broader
discontinuity between the Chibcha, Nuu-Chah-Nulth and
Mapuche, our mtDNA results support the archeological and
anthropological view of isolated, in situ development of
contemporary Amerind populations in lower Central America.

Colonization of the New World
The novel finding of reduced mtDNA diversity in three
linguistically related Amerind groups addresses the utility
of genetic diversity measures for evaluating the number of
migration event(s) to the New World. Based on linguistic,
dental character and genetic evidence, three distinct 'waves' of
migration have been proposed for the founding of contemporary
Amerind, Na-Dene and Eskimo-Aleut groups in the New
World (35). Recent support for the three wave hypothesis has
come from mtDNA-based studies, which suggest that mtDNA
diversity differences between Amerind and Na-Dene groups
indicate two distinct migrations for these groups (17,25).
However, conclusions based solely on mtDNA diversity meas-
ures may be misleading. For example, the AMOVA results
presented here suggest that the most geographically distant
Amerind groups, the Nuu-Chah-Nulth and Mapuche, are among
the most closely related genetically. A consideration of the
geographic location of the groups studied and the mtDNA
haplotypes contributing to their diversity values suggests it is
more likely that the missing haplogroups in the Chibchan
populations create an artificially close relationship between
the Nuu-Chah-Nulth and Mapuche.

We believe that a similar oversimplification of mtDNA
diversity values has been used in support of the three wave
hypothesis. In the past, the subset of the four founding Amerind
haplogroups that a population carries has been used to identify
the migration wave to which a group belongs. For example,
the observation that the Na-Dene exhibited only mtDNA
haplogroups A and B (36) or, more recently, only haplogroup
A (17) was offered as evidence that the Na-Dene arrived in a
migration distinct from the Amerinds who carried haplogroups
A, B, C and D. However, the Kuna, Ngobe, Bribri and Cabe'car
also carried only lineages A and B, yet no one questions their
Amerind ancestry. As presented previously (12), the molecular
evidence suggests that the Na-Dene and the Chibcha may
simply be smaller samples of the migration from Asia and
that the Na-Dene do not necessarily represent an independent
migration event.

MATERIALS AND METHODS

Sampled populations

Since migrating to Panama from Colombia, the Kuna Amerinds have inhabited
three major territories in Panama^ the San Bias Comarca along the Caribbean
coast, the Bayano Lake region in eastern Panama and the Darien jungle near
Colombia (Fig. 1). The San Bias Comarca is a vast territory encompassing
320 000 ha of forested coastline and hundreds of mangrove islands inhabited
by a large percentage of the Kuna while the other two areas are currently
inhabited by only a small number of Kuna. The Kuna population is composed
of approximately 47 000 members, 67% of whom live in the island communities
and coastal villages of the Comarca (1990 Panamanian government census).
Roughly 2000 Kuna live along the Bayano, Chucunaque and Tuira rivers on
the Pacific slope of Panama and in the Darien Province. Approximately 14 000
Kuna have moved out of these territories into Panam£ City, Colon and rural
areas of Panami (1990 Panamanian government census), while several hundred
still live in Colombia.

Samples were collected from 53 individuals (45 blood samples and eight
hair samples) representing the geographic range of the Panamanian Kuna

(Fig. 1). Extensive biographical information was recorded for each individual
including the name, birthplace and language of his/her parents and grandparents
whenever possible. Additionally, 10 serum samples were donated by the
Gorgas Memorial Laboratory of Panama City, Panama which were collected
between October 1983 and January 1985. Only unrelated individuals with no
obvious, i.e. recent, admixture with other Amerind or non-Amennd groups
were chosen for analysis. Despite our precautions, it is possible that some
sampled individuals may be related due to the insular life-style of the Kuna.

Isolation, amplification and sequencing of DNA

Ten to twenty milliliters of blood were collected into Vacutainer tubes (Becton
Dickinson) containing ACD buffer (citric acid/dextrose). DNA was isolated
from the blood samples following the procedure of Kolman et al. (12) which
involved lysis of the erythrocytes, pelleting of the leucocytes and treatment
with proteinase K and SDS, followed by salt precipitation of protein material
and ethanol precipitation of the DNA. DNA was isolated from hair samples
by incubation of the hair root(s) in a proteinase K/SDS buffer at 68°C
overnight followed by four organic extractions (one phenol, two phenol/
chloroform and one chloroform). The aqueous layer was further purified by
filtration through a Centncon-100 filter. DNA isolation from serum samples
required incubation of 100 |il serum with an equal volume of 2X extraction
buffer (IX = 10 mM Tris-HCl, pH 8.0, 2 mM EDTA, 10 mM NaCl, 1%
SDS, 8 mg/ml DTT and 0.4 mg/ml proteinase K) at 55°C overnight followed
by organic extraction and Centricon-100 filtration as described for the hair
samples. One microliter of DNA was used in all amplification reactions,
although it was necessary to preform dilutions of four serum samples.

Primers L15997:H16401 (14) and L00029:H00408 (12) were used to
amplify regions I and II of the mtDNA control region, respectively (20). (The
number in the primer designation identifies the 3' ends according to the
reference sequence [ref. 19] while L and H refer to the light and heavy
strands, respectively.) Reaction components were as described in Kolman
et al. (12). For region I sequence, PCR reactions were carried out for 27
cycles using the following temperature profile: 94°C for 45 seconds, 57°C for
30 s and 72°C for 30 s. Single-stranded DNA was generated by lambda
exonuclease (Gibco BRL) digestion of one DNA strand initiated by a 3'
phosphate. Two PCR reactions were carried out for each sample with only
one of the primers containing a 3' phosphate in each case. The lambda
exonuclease reaction was performed at 37°C for 30 min. After incubation at
96°C for 5 min to denature the enzyme, the samples were purified through
Centricon-30 microconcentrators (Amicon Inc.). For region II sequence,
single-stranded DNA was generated by a second, asymmetric PCR performed
as previously described (12).

Seven microliters of the Centncon-30 retentate was sequenced using
Sequenase Version 2.0 (US Biochemical). For region I sequence, primers
LI5997 (14), L16I9I (5'-CCCATGCTTACAAGCAAGTA-3') and L16I06
(5'-GCCAGCCACCATGAATATTG-3') were used to sequence the light strand
and primers HI6401 (14) and H16226 (5'-GCAGTTGATGTGTGATAGTT-
3') were used to sequence the heavy strand of each sample. For region II
sequence, PCR primers L0OO29 and H0O4O8 (12) were used to sequence the
light and heavy strands, respectively. Reactions products were separated by
electrophoresis through 6% polyacrylamide gels containing 7 M urea. Owing
to a T-to-C mutation at position 16189 which caused the Taq polymerase to
stutter, we could only confidently read sequence in each direction until the
location of the transition for the 18 individuals carrying this mutation. An
internal primer downstream of this mutation (LI619I) allowed us to read
sequence of the light strand from position 16 230 to 16 400. In the remaining
45 individuals, the sequences analyzed were completely verified through full
overlap of heavy and light strands.

RFLP analysis

Limited RFLP analysis was performed on the sequenced individuals to allow
comparison of our data with the four major mtDNA restriction site classes
defined by Torroni et al. (25). Four sets of primers were used in PCR reactions
(run for 28 cycles) to screen for presence of the Haelll site at bp 663
(haplogroup A), the COII/tRNALyl intergenic 9 bp deletion (haplogroup B),
the Alul site at bp 13262 (haplogroup C), and absence of the Alu\ site at
bp 5176 (haplogroup D). The primer pairs used were LO0577HO0743,
L08215:L08297. L13232: H13393 (12) and L05099 (5'-CCTAACTACTA-
CCGCATTCCTAC-3'):H05333 (5'-CCTCGATAATGGCCCATTTGGGC-3').
Thermal cycler and PCR conditions were as described in Kolman et al.
(12) except that L00577:H00743 and L05O99:H05333 used the following
temperature profile: 94°C for 30 s, 62°C for 15 s and 72°C for 15 s. PCR
products were electrophoresed through 15% polyacrylamide gels or 4%
MetaPhor (FMC BioProducts) agarose gels.
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Diversity, phylogenetic and statistical analysis

Haplotype diversity, h (37) and two measures of nucleotide diversity, n
(38) and E(v) (39) were calculated. Sequence differences between mtDNA
haplotypes were measured using Kimura's two-parameter model. These genetic
distance data were summarized using the neighbor-joining (NJ) algorithm in
NTSYS (40). Phylogenetic trees were constructed with the Phylogenetic
Analysis Using Parsimony package (PAUP; 41), although computational
limitations prevented us from analyzing all possible trees. Minimum spanning
trees (MSTs) were constructed by hand following the recommendations of
Excoffier et al (42) and used in the analysis of molecular variance (AMOVA)
program provided by L Excoffier. The MST used for AMOVA analysis of all
six indigenous groups is shown in Figure 2. Significance of variance terms
was tested by permuting the original data 1000 times.

Pairwise genetic difference analyses were computed using programs pro-
vided by S.Sherry. Population expansion estimates from these analyses were
based on the divergence rate for mtDNA control region I calculated by
Harpending et al. (27). Simulations of pairwise genetic difference data were
performed using programs provided by H.Harpending.

Data analyzed

In analyses specific to the Kuna, we compared 370 bases (bp 16030-16400)
across the mtDNA control region I for all 63 individuals studied. In addition
to the 63 Kuna mtDNA sequences presented here, mtDNA sequences from
five additional New World indigenous groups were also analyzed: 46 Ng0b£
sequences (12), 27 Huetar sequences (13), 38 Mapuche sequences (15; the
fourth haplotype of pattern 3 was not used because of missing data at position
16362), 63 Nuu-Chah-Nulth sequences (14) and 40 Haida sequences (16;
sequence 35 was eliminated because of suspected non-Native American
origin). To compare haplotype and nucleotide diversity between the six groups,
we used only the 334 nucleotide positions common to all studies (bp 16050-
16383). The same bases were used for PAUP, NJ, AMOVA and pairwise
genetic difference analyses of the six groups. Polymorphic positions 16182
and 16183 were excluded from the analyses because of their non-independent
association with the T—C mutation at position 16189 (43).
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