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Abstract
We describe the genetic structure and interrelationships
of nine south Indian tribal groups (seven from Andhra Pradesh and
two from the adjoining states of Tamil Nadu and Kerala) using seven
polymorphic loci (ABO, MN, RH, PGM, ACP, PGD, and LDH).
R matrix analysis indicates that the Andhra Pradesh tribes are clus
tered and that the Kadar and Irula are genetically isolated from them.
This dispersion of populations has been explained by the combi
nation of relatively high frequencies of the alleles RH D and MN
M in the Kadar and the relatively high proportions of the allele PGM*2
in the Irula. The Mahaboobnagar Chenchu subgroup is isolated from
other Telugu-speaking groups because of high frequencies of the
PGM*1 and ACP*A alleles. The regression of mean per locus het
erozygosity (//) on distance from the gene frequency centroid (r„)
reveals considerable levels of external gene flow among the Lambadi, the Yerukula, and the two Chenchu subgroups and more ho
mogeneity in the Kolam, Koya, Yanadi, Irula, and Kadar. Mantel
statistics were used to assess the relative effects of nonbiological
processes (i.e., language and geography) on the morphological and
genetic patterns of these subdivided populations. The significance
of correlations was determined between different data sets (genetic,
dermatoglyphic, anthropometric, geographic, and linguistic) at three
levels involving nine, six, and five populations. Although multiple
correlation analysis reveals significant combined effects of geog
raphy and language on genetics, anthropometrics, and dermatoglyphics, highly significant partial correlations suggest strong ef
fects of geography on both anthropometry and genetics. Our analysis
indicates that geographic factors have an overwhelming effect on
the genetic differentiation of the south Indian tribal groups.

Anthropologically, the most distinguishing feature of Indian society is
its broad subdivision into tribal and caste populations. The tribes con
stitute 7.5% of the total Indian population. The numerous caste groups
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(about 2000 in total) have complex hierarchies and practice marital en
dogamy and the Hindu religion. Several anthropological and genetic in
vestigations have demonstrated significant genetic and phenetic differ
ences between tribal and caste populations, both within and between
(Chakraborty and Yee 1973; Balakris hnan 1978; Malhotra 1978; Char et
al. 1989; Pathak and Kaul 1991; Roychoudhury 1984a, 1992). The amount
of intragroup heterogeneity is enormous, and the tribal populations are
believed to be the original inhabitants of India. Labie et al. (1989) re
cently postulated a unicentric origin of the tribal populations of India on
the basis of their beta-globin DNA haplotypes.
The contemporary tribal populations of India can be broadly di
vided into five geographic regions: northeastern; northern and north
western; eastern and central; western; and southern Indian tribal groups
(Roychoudhury 1984a). These five geographic subdivisions are based on
language, culture, and biophenetic characteristics. In each geographic
region affinities among die sub groups are appre ciable (Guha 1955) . Tribal
groups are predominantly confined to the hilly tracts and valleys, and
the languages spoken by these tribal groups are similar in most cases to
the major regional languages of the region or state. Of the many intrigu
ing questions about the southern Indian tribal groups, two especially sig
nificant problems involve the origin of the so-ca lled Negritoid a nd/or
proto-Australoid element and its relationshi p to the Veddas and the Aus
tralian aborigines (Guha 1944; Sarkar 1954; Kirk et al. 1962; Simmons
1976; Bhalla 1984; Roychoudhury 1984b).
Population genetic studies on the tribal groups of south India have
failed to reveal a correspondence between ethnological similarities and
genetic relationships (Kirk 1976; Simmons 1976; Roychoudhury 1984a;
Ghosh et al. 1977; Balakrishnan 1978; Saha et al. 1974). The action of
systematic versus stochastic processes on the population subgroups has
been examined separately using independent data sets (Chakravarti and
Mukherjee 1964; Ghosh 1975; Saha et al. 1976; and others). The exact
genetic relationships between the Nilgiri hill tribes (Irula, Kota, Toda,
Kurumba), the Chenchu, and the Veddas of Sri Lanka are still ambig
uous (Haimendorf 1943, 1982; Raghavaiah 1962; Balakrishnan 1978;
Bhalla 1984). Reddy et al. (1982) and Sirajuddin and Balak rishnan (1991)
tested the purported ethnic affinities of the Chenchu with the Yanadi,
the Irula, and the Kadar and concluded that the Chenchu are biologically
distinct from other tribal groups. However, the se studies relied heavily
on a few genetic markers with inadequate representation of the tribal
groups, and thus the comparisons and significance between different data
sets cannot be adequately assessed.
Given the paucity of data on southern Indian tribal groups in re
lation to factors such as territorial contiguity, historical reconstruction,
and environmental factors, here we examine the genetic and phenetic
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variation among nine south Indian tribal groups. These tribes are the
Chenchu (from Kurnool and Mahaboobnagar); the Yanadi, Yerukula,
Kolam, Koya, and Lambadi of Andhra Pradesh state; the Irula of Tamil
Nadu state; and the Kadar of Kerala state. These tribal groups were se
lected for the study of the ir genetic composition and the probable action
of microevolutionary forces and to retest the previously reported eth
nological similarities between the Chenchu, Yanadi, Irula, and Kadar
proposed by Haimendorf (1943) and Raghavaiah (1962). However, we
use different data sets (genetic, anthropometric, dermatoglyphic, geo
graphic, and linguistic) to test the possible genetic affinities. The rela
tionships betwee n genetic, morphological, geographic, and linguis tic data
were examined using Mantel statistics to obtain a comprehensive un
derstanding of the evolution and genetic structure of the subdivided tribal
groups.

Materials and Methods
The data f or this study are based on an earlier study (Sirajuddin
1985) and from other published sources for the nine tribal groups. Al
though a battery of genetic markers (blood groups , serum proteins, and
red cell enzymes) were collected for each tribal group, only 7 common
polymorphic systems (ABO, MN, RH, PGM, ACP, LDH, and PGD)
with 17 alleles were available for all populations. The seven genetic
polymorphic systems and the anthropometric and dermatoglyphic vari
ables used are presented in Table 1. The frequencies of the genes, lo
cation, and sample size of each population are given in the source pub
lications of Table 1. The geographic locations of the nine tribal groups
under study are shown in Figure 1.
Anthropometric data (males only) on five populations (both Chen
chu subgroups, Yanadi, Irula, and Kadar) and dermat oglyphic data (males
only) on six tribal groups (both Chenchu subgroups, Yerukula, Yanadi,
Irula, and Kadar) were available. These data were used to calculate an
thropometric and dermatoglyphic distances. The nine anthropometric
variables used in this analysis are stature, head length, head breadth,
minimum frontal breadth, bizygomatic breadth, total facial height, upper
facial height, nasal height, and nasal breadth. Six common dermato
glyphic traits (subdivided into 20 variables), such as finger pattern types
(3), palmar area patterns (5), monomorphic hands (1), mainline formulas
(3), C-line polymorphism (3), and position of axial triradii (5), were
available and used in the distance calculations. The details of the data
and the analysis of anthropometric and dermatoglyphics data are included
in the publications cited in Table 1.
Gene frequency da ta for the seven polymorphic systems for nine
alleles {ABO*A, ABO*B, MN M, RH D, PGM*1, PGM*2, ACP*A,

Table 1.

Tribal G roups and Comparative Data Used in the Analysis

Tribal Group

Area

State

Data Useda

Kurnool Chenchu

Kumool

Andhra Pradesh

Mahaboobnagar Chenchu

Mahaboob Nagar

Andhra Pradesh

Irula

Nilgiri Hills

Tamil Nadu

Genetic, anthropometric,
dermatoglyphic
Genetic, anthropometric,
dermatoglyphic
Genetic, anthropometric,
dermatoglyphic

Yanadi

Nellore

Andhra Pradesh

Kadar

Trichur Hills,
Annamalai
Hills
Warangal
Mahaboob
Nagar
Adilabad
Adilabad
Khammam
Hyderabad

Kerala

Yerukula

Kolam
Koya
Lambadi

Andhra Pradesh

Genetic, anthropometric,
dermatoglyphic
Genetic, anthropometric,
dermatoglyphic
Genetic, dermatoglyphic

Source
Sirajuddin (1985) ; Ramesh et al. (1980)
Sirajuddin (1985); Ramesh et al. (1980)
Saha et al. (1976); Undevia et al. (1989);
Chakravarti and Mukherjee (1964) ;
Guha (193 5)
Reddy et al. (1982); Sreenath (197 7);
Reddy and Subramanyam (1985)
Saha et al. (1974, 1976); Chakravarti and
Mukherjee (1 964); Sarkar et al. (1959)
Goud and Rao (1979); Narahari (1982);
Blake et al. (1981)

Andhra Pradesh
Andhra Pradesh

Ramesh et al. (1979); Pingle et al. (1981)
Pingle et al. (1981); Blake et al. (1981)

Andhra Prade sh

Roberts et al. (1980) Goud and Rao
(1979)

a. Genetic data are on AB O, MN, RH, PGM, ACP, PGD, and LDH lo ci. Anthropometric data include
stature, head length andbreadth, minimum frontal breadth, bizygomati c breadth, total facia l height,
upper fa cial height, and nasal height and breadth. Dermatoglypic data are on palmar and finger
derma toglyphics.
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multiple samples from a single tribe are indicated in this map by the same num
ber. 1 , Kolam; 2, Koya; 3, Yerukula; 4, Lambadi; 5, Mahaboobnagar Chenchu;
6, Kurnool Chenchu; 7 , Yanadi; 8, Irula; 9, Kadar.

PGD*A, LDH*N) were subjected to R matrix analysis following the method
of Harpending and Jenkins (1973). Of the total information on 17 alleles,
8 alleles (AB0*0, MN N, RH d, PGM*1,6, ACP*B, ACP*C, PGD*C,
PGD*K, LDH CAL1) were not included in the R matrix analysis to avoid
redundancy and to exclude the less informative rare variants. A variancecovariance matrix was constructed to compute the eigenvectors and the
genetic distances. The weighted mean of the diagonal elements ru pro
vides an estimate of F^. Because census or population sizes are not
available for all the groups, uniform weights have been given to all pop
ulations. The eigenvectors, scaled by their respective eigenvalues, are
plotted to reveal the genetic relationships between the subdivisions.
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In addition, the method of Harpending and Ward (1982) was used
to estimate the differential systematic pressure among the tribal groups.
Under the assumption of uniform systematic pressure, we can predict a
linear relationship between mean per locus heterozygosity and the dis
tance of the population subdivision from the gene frequency centroid.
The positive and negative departures from theoretical predictions suggest
the probable effects resulting from external g ene flow (systematic pres
sure) and genetic drift (nonsystematic pressure), respectively.
Anthropometric distances between five tribal groups (both Chenchu
subgroups, frula, Yanadi, Kadar) were obtained based on nine morpho
metry measurements following Mahalanobis's (1936) generalized dis
tance. Dermatoglyphic distances were computed from 20 finger and pal
mar pattern variables for the 6 tribal groups (the previous five groups
and Yerukula) following Balakr ishnan and Sanghvi's (1968) B method.
Geographic distances were measured in kilometers from a scaled
map as a straight-line distance between the data collection centers f or
the populations. When several settlements were sampled from a single
tribe, geographic distances were measu red from a centroid equidistant to
all the samples.
The linguistic distances were calculated between the nine tribal
populations following Voegelin and Voegelin's (1977) classification and
index of world languages, which is based on Kri shnamurti's (1969) list
of 22 Dravidian languages. Except for the Lambadi, who speak an IndoEuropean language, all the other eight tribal groups speak Dravidian lan
guages, which are again divided into northern, central, and southern
Dravidian branches. The central Dravidian branch is again bifurcated
into major and minor groups (e .g., Kolami), and the southern Dravidian
branch has Tamil and Malayalam, the two major languages spoken by
the Irula and the Kadar, respectively.
Based on the hierarchical structure of the branching of Dravidian
and non-Dravidian groups, scores were assigne d. If a tribal gro up be
longs to a similar subbranch of a major branch, it was given a score of
1; a score of 2 was given if the languages differ at the subbranch l evel.
A score of 3 was given if the language difference is at the branch level.
If the language difference is at the Dravidian versus non-Dravidian level,
a score of 4 was assigned in the calculation of linguistic distance between
the tribal groups.
Mantel statistics were used to examine the congruence between ge
netic, dermatoglyphic, anthropometric, linguistic, and geographic dis 
tance matrices. Given two distance matrices A and B, the Mantel test
(1967) examines whether an association
exists between the elements
of the two ma trices. Following the meth ods of Dow and Ch everud (1985),
Smouse et al. (1986), and Dow et al. (1987a,b), we computed Mantel
correlations, partial correlations, and multiple correlations to examine
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simultaneously the relationships between the various types of distance
matrices. Significance of a given correlation is obtained through Mantel
permutation procedures using the Mantel program (Relethford 1990). I n
this study, for the nine-population analysis 1000 permutations were used,
whereas for the five-population analysis (anthropometric and related dis
tances) and the six-population analysis (dermatoglyphic and related dis
tances) all possible permutations were employed.

Results
The R matrix analysis of genetic variation among nine south Indian
tribal groups is based on seven polymorphic loci representing nine allele
frequencies (ABO*A, ABO*B, MN M, RH D, PGM1*1, PGM1*2,
PGD*A, ACP*A, and LDH*N). The dispersal of the nine south Indian
tribal groups along the first two scaled eigenvectors is shown in Figure
2. The first eigenvector, which explains 52.4% of the total variation,
separates all seven Andhra Pradesh tribal groups from the Kadar of Ker
ala (Malayalam speakers) and the Irula of Tamil Nadu (Tamil speakers).
The second axis explains 22.2% of the total variation and distinguishes
between Andhra Pradesh and non-Andhra Pradesh tribes. It is interesting
to note that the Mahaboobnagar Chenchu, although from Andhra Pradesh
state, are a distinct group with respect to the other Andhra Pradesh tribal
groups.
All the Telugu- (and Telugu-related) speaking groups align with the
Lambadi, a population with known north Indian roots (non-Dravidian
speakers) but inhabiting Andhra Pradesh for the last five centuries . Such
a differentiation between the central (Telugu and Telugu-related groups
and Kolami) and south Dravidian branches (Tamil and Malayalam) and
the alignment of the Lambadi with the Andhra Pradesh tribal groups
signify the historical and geographic-genetic distinction of the Irula and
the Kadar from the Andhra Pradesh tribes. The Fst value obtained for
the nine tribal groups is 0.0412, indicating a moderately high level of
microdifferentiation between these groups. However, when only the
Dravidian-speaking Andhra Pradesh tribes (both Chenchu subgroups,
Yanadi, Yerukula, Kolam, Koya) are consi dered, the F$r value is 0.0218,
and with the addition of the Lambadi tribe to the Andhra Pradesh tribes,
F^ decreases to 0.0212. These Fsr values further support the linguistic
explanations.
The distribution pattern of nine alleles that underlie the separation
of the nine subgroups along the first two scaled eigenvectors is shown
in Figure 3. The relatively high frequency of the PGM 1*2 allele con
tributes to the separation of the Irula from the other groups, whereas the
isolation of the Kadar from the other groups is due to the combination
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Figure 2.

Least-squares reduction map of the nine South Indian populations based on seven
polymorphic loci and nine allelic frequencies (ABO*A, ABO*B , MN M, RH D ,
PGM1*1, PGM1*2, PGD*A, ACP*A, and LDH*N).

of relatively high frequencies of the RH D and MN M alleles. The dis
tinction of the Mahaboobnagar Chenchu group from other Andhra Pra
desh groups is primarily due to high frequencies of the PGM1*1 and
ACP*A alleles. In fact, Ramesh et al. (1980) reported that the Maha
boobnagar Chenchu and the Kota tribe have a high ACP*A gene fre
quency in south India.
Figure 4 describes the functional relationship between the mean per
locus heterozygosity and the distance ru of the region from the gene fre
quency centroid and shows the effects of differential systematic pressure
among the nine south Indian tribal groups. In Fig ure 4 the Kolam, Yanadi, and Kadar are identified with negative departures from the theoret
ical predictions, thus showing their relatively increased isolation from
external gene flow. The Koya and Irula exhibit similar trends, although
with minor deviations; the other four groups of Andhra Pradesh lie above
the theoretical regression line, indicating relative excess of gene flow
from the "outside world."
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Distribution pattern of nin e alleles that underlie the separation of the nine pop
ulations along the first tw o scaled eigenvectors.

The Kadar, Irula, and Mahaboobnagar Chenchu, with their increas
ing distances from t he centroid, can be explained in the following way.
The Kadar are believed to be one of the most ancient autochthons of the
Annamalai and Trichur forests of southern India. With a small popula
tion size of about 1000 individuals (Ehrenfels 195 2; Saha et al. 1974;
Bhatia and Rao 1986), the Kadar are culturally and genetically isolated
from other neighboring groups. By analyzing the genetic distances be
tween the south Indian tribal populations, Saha et al. (1976) and Balakrishnan (1978) hypothesized that the Irula of the Nilgiri Hills were one
of the more ancient groups. The isolation of the Mahaboobnagar Chen
chu from the other Andhra Pradesh tribes can be explained by the con
siderable amount of gene flow between them and the neighboring pop
ulations (Macfarlane 1940; Ramesh et al. 1980).
The Koya speak Kui and the Kolam speak Kolami language, and
they are isolated from their neighboring groups because of geography
and language. The isolation of the Yanadi is also not surprising, given
their settlement patterns along the coastal region, breeding pa ttern, mi-
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gration history, and low social standing among the tribal groups (Reddy
et al. 1982; Vasulu and Pal 1989). The seminomadic lifestyles of the
Yerukula and the Lambadi together with their social proximity to the
caste populations suggest a greater amount of gene flow among them.
The Kumool Chenchu, who align with the Yerukula and Yanadi with
regard to the level of heterozygosity, appear to have had genetic contact
with their neighboring populations.
The genetic distances between the nine populations also corroborate
the earlier findings of the relative distinctive features of the Kadar and
the Irula from the other Andhra Pradesh tribes. The Mahaboobnagar
Chenchu and the Kadar have the highest distance (0.2 858), followed by
the Kumool Chenchu and the Kadar (0.2460). Comparatively higher dis
tances were also observed between the Mahaboobnagar Chenchu and the
Irula (0.220) and between the Yerukula and the Kadar (0.2197).
Mantel Statistics. The degrees of concordance between various dis
tance measures using Mantel statistics were evaluated at three levels: (1)
genetic, geographic, and linguistic distances involving nine tribal pop-
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Table 2.
Correlations for Genetic (GEN), Geographic ( GEO), and Linguistic (LIN)
Distance Matrices; Partial Correlations between Two Matrices Controlling the Third
Matrix; and Multiple Correlation obtained from Multiple Regression of Genetic Dis
tance Matrix against Both Geographic and Linguistic Distance Matrices among Nine
South Indian Tribal Populations
Distances
Compared
Correlations
GEN x GEO
GEN x LIN
GEO x LIN
Partial correla tions
GEN x GEO (LIN)
GEN x LIN (GEO)
Multiple correlation
GEN x GEO, LIN

Correlation (r)

Significance11

0.520
0.270
0.314

0.002
0.052
0.033

0.476
0.132

0.005
0.225

0.532

0.003

a. Mantel test of probability (p).

ulations, (2) genetic, dermatoglyphic, geographic, and linguistic dis
tances using six populations (both Chenchu subgroups, Yanadi, Irula,
Kadar, Yerukula), and (3) genetic, anthropometric, geographic, and lin
guistic distances with reference to the five tribal groups (the previous six
groups minus Yerukula).
Table 2 summarizes the results of various Mantel tests for the nine
tribal groups. The correlation between genetics and geography is rela
tively high (0.520) and highly significant compared with t he correlation
between genetics and language (0.270), where significance is slightly
more than 5%. Between geography and language a significant correlation
of 0.314 is observed. The strong relationship between geography and
genetics is further confirmed by the significant partial correlation (0.476)
when language is kept constant. The level of correlation between ge
netics and language when geography is kept constant is low (0.132) and
not significant. How ever, the relationship between the combined effects
of geography and language (i .e., the correlation between geography and
language is 0.314 and significant) and genetics is highly significant, with
a multiple correlation value of 0.532. Only 28.3% of the variance in
genetics is explained by the joint effects of language and geography.
The correlations relating to the dermatoglyphic, genetic, geo
graphic, and linguistic distance measures for the six-population analysis
are reported in Table 3. All the pairwise correlations between various
distance measures are significant with variable magnitudes, ranging from
moderate to high correlations, except the correspondence between dermatoglyphics and geography, where the significance is above the con
ventional level.
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Table 3. Correlations for Genetic (GEN), Dermatoglyphic (DER), Geographic
(GEO), and Li nguistic (LIN) Distance Matrices; Partial Corre lations between Two
Matrices Controlling the Third Matrix; and Mu ltiple Correlations Obtained from the
Multiple Regressions of Genetic and Derm atoglyphic Distances on Geographic and
Linguistic Distances among Six South Indian Tribal Groups
Distances Compared

Correlation (r)

p*

Correlations

DER x
DER x
DER x
GEN x
GEN x
GEO x

GEN
GEO
LIN
GEO
LIN
LIN

0.842
0.423
0.578
0.591
0.729
0.790

0.000
0.061
0.032
0.033
0.026
0.015

-0.066
0.439
0.037
0.530

0.602
0.063
0.433
0.021

0.580
0.730

0.028
0.021

Partial correlat ions

DER x
DER x
GEN x
GEN x

GEO (LIN)
LIN (GEO)
GEO (L IN)
LIN (GEO)

Multiple correlations

DER x GEO, LIN
GEN x GEO, LIN

The six populations examined in this analysis are the Mahaboobnayar Chenchu, Kurnool
Chenchu, Yanadi, Irula, Kadar, and Yerukula .
a. Mantel test o f probability.

The congruence between dermatoglyphics and genetics is very high
(r = 0.842) and is highly significant ( p = 0.000). Similar high corre
lations have been reported for female Eskimos (0.854) (Crawford and
Duggirala 1992) and for Tlaxcaltecans (0.958) (Enciso 1983). However,
comparatively lower correlations were observed by Neel et al. (1974) for
the Yanomama (0.34) and by Dow et a l. (1987a) for Solomon Islanders
(males: 0.224; females: 0.125).
The partial correlations between dermatoglyphics and geography
and between genetics and geography when language is kept constant, are
negligible and nonsignificant, but the partial correlation between der
matoglyphics and language (0.439) and between genetics and language
(0.530) when geography is kept constant are moderate and th e latter is
significant.
The interrelated effects of geography and language (i.e., the cor
relation between geography and language i s 0.790 and significant) on
dermatoglyphics and genetics are appreciable, as shown by the signifi
cant multiple correlation values of 0.580 and 0. 730. Geography and lan
guage together explain 33.7% of the vari ation in derma toglyphics, whereas
the proportion of variance explained in genetics by these two predictors
is moderately high (53.2%).
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Table 4. Correlations for Genetic (GEN), Anthropometric (ANTH), Geographic
(GEO), and Linguistic (LIN) Distance Matrices; Partial Correlati ons between Two
Matrices Controlling the Third Matrix; and Multiple Correlations Obtained from the
Multiple Regressions of Genetic and Dermatoglyphic Distances on Geographic and
Linguistic Distances among Five South Indian Po pulations
Distances Compared
Correlations
ANTH x GEN
ANTH x GEO
ANTH x LIN
GEN x GEO
GEN x LIN
GEN x LIN
Partial correla tions
ANTH x GEO (LIN)
ANTH x LIN (GEO)
GEN x GEO (LIN)
GEN x LIN (GEO)
Multiple correlations
ANTH x GEO, LIN
GEN x GEO, LIN

Correlation (r)

p"

0.587
0.712
0.488
0.707
0.657
0.843

0.025
0.000
0.042
0.025
0.042
0.008

0.640
-0.297
0.378
0.159

0.017
0.857
0.177
0.311

0.742
0.720

0.008
0.042

The five populations examined in this analysis are the Mahaboobnagar Chenchu, Kumool
Chenchu, Yanadi, Irula, and Kadar.
a. Mantel test of probability.

Table 4 presents the correlations between anthropometrics, ge
netics, language, and geography for the five-population analysis. All the
bivariate correlations are significant, and the magnitude of the correla
tions ranges from moderate to fairly high. The correspondence between
anthropometrics and geography is substantial and highly significant (r =
0.712, p = 0.000). Most earlier studies of South Amerindian tribes re
port high correspondence between anthropometrics and g eography, and
the Yanomama Indians exhibit a particularly high correlation of 0.801
(Spielman 1973). The partial correlations fail to provide any additional
information in this data set, except that the correlation between anthro
pometrics and geography remains high (0.640) and significant when the
effect of language is controlled. Multiple correlation analysis of both
anthropometric (0.742) and genetic distances (0 .720) show highly sig
nificant relationships with the combined effects of geography and lan
guage, where the correlation between geography and language is 0.843
(p = 0.008). Fairly substantial components of variances in anthropo
metrics (55%) and genetics (51.2%) are explained by the interrelated
effects of geography and language, respectively.
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Discussion and Conclusion
In the absence of a complete archeological record, tracing genetic
relationships and estimating genetic microdifferentiation of contempo
rary populations from ancestral groups remain speculative. Earlier in
vestigations based on anthroposcopic traits (Guha 1937; Sarkar 1954;
Malhotra 1978; and others) and genetic markers have documented the
distinctive features and genetic differentiation of tribal and non tribal groups
in all regions of India (Balakrishnan 1978; Roychoudhury 1984a, 1992).
These studies have also suggested that the tribal groups are composed
of differential and variable amounts of European, Asian, and Australian
aborigine admixture, resulting from successive migrations and subse
quent genetic amalgamations (Malhotra 1978; Balakrishnan 1984; Roy
choudhury 1992). The question of whether or not south Indian tribal
groups are autochthons is still controversial, and Labie et al. (1989) pro
posed a unicentric evolutionary theory for their origin.
Most present-day tribal groups still dwell in relatively isolated for
ests and valleys. As a result of this isolation, the southern, western, and
eastern tribal groups are relatively more h eterogeneous (Balakrishnan 1978;
Roychoudhury 1984a, 1992). By using multiple genetic characters, Sim
mons (1976), Kirk (1976), and Roychoudhury (1984c) examined the
question of the origin of the so-called proto-Australoid elements and the
relationship of south Indian tribal gr oups with the Veddas and Australia n
aborigines. They documented the distinctiveness of south Indian tribal
groups and came to the conclusion that thes e tribal groups are not related
to the Australian aborigines.
We have examined the genetic structure and genetic affinities of
nine south Indian tribal groups (two Chenchu subgroups, Yanadi, Yerukula, Kolam, Koya, Lambadi, Irula, and Kadar) using multivariate anal
yses (at three levels) of genetic, morphological, geographic, and lin
guistic d ata. Furthermore, we have explored how effective geography
and language were in the geographic distribution of g enes and the struc
ture of these groups.
Because of the paucity of comparable data on genetic loci (seven),
number of populations for dermatoglyphics (six), and number of popu
lations for anthropometric variables (five), our analyses were limited.
The diverse sources of our data require cautious interpretation of these
results. As shown by the genetic relationship anal ysis, the Andhra Pra
desh tribes are distinct from the non-Andh ra Pradesh tribes of the Kadar
and the Irula. The Lambadi are linguistically different and are recent
migrants to their present local e. As a result of this ethnohistory, these
groups show genetic affinities with their geogra phic neighbors, probably
as a result of gene flow. The clustering of six Andhra tribes (both Chen
chu subgroups, Yanadi, Yerukula, Kolam, Koya) and the smaller genetic
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differentiation compared with the FST of all nine populations indicate that
the between-group diversity of the Andhra Pradesh tribes is not enor
mous. Murthy et al. (1993), who measured the level of heterozygosity
of Andhra Pradesh tribal groups at different levels, reached similar
conclusions.
The relationship between heterozygosity and distance from the centroid indicates that the Kadar are the most distant group from the centroid, followed by t he Mahaboobnagar Chenchu and the Irula. The iso
lation of the Kadar and the Irula is not surprising because tribes of the
Nilgiri Hills, such as th e Kurumba, Irula, and Kadar, are considered the
earliest occupants of this region (Balakrishnan 1978, 1984; Saha et al.
1976). The Kadar show some rare allele variants, such as PGM* 1,6, and
LDH CAL1, and there is little to negligible gene flow from the Irula to
the Kadar in the Annamalai forest hills (Saha et al. 1976; Sirajuddin and
Balakrishnan 1991). The isolation of the Kadar c an also be attributed to
stochastic proce sses when their smal l population size (app roximately 1000
persons) is considered.
Our analyses reveal a greater amount of gene flow among the Yerukula and the Lambadi and in the two Chenchu subgroups. T he Yerukula
and the Lambadi are seminomadic and are plains dwellers with closer
contact with the other caste populations.
The Mahaboobnagar Chenchu in the Mannanoor, Farahahad, and
Appaipally settlements have been observed to have a high incidence of
intertribal marriages (Sirajuddin 1985). Admixture among the Maha
boobnagar Chenchu has also been shown by Macfarlane (1940) and Ramesh et al. (1980), whereas Murthy et al. (1993) have pointed out more
gene flow among the plains-dwelling tribes of Andhra Pradesh. Com
paratively, the Yanadi appear to be more homogeneous than the other
tribal groups. Although die Yanadi are mostly plains dwellers (because
of their low social standing and because their habitation is mostly r e
stricted to islands and coastal regions), they are reproductively isolated
from their neighbors (Reddy et al. 1982; Vasulu and Pal 1989). Thus
they may also experience the effects of stochastic processes.
The three-tier correlation analysis with different d ata sets adds fur
ther dimension to the understanding of the genetic structure of south
Indian tribal groups. Because genetics is associated substantially with
anthropometrics and dermatoglyphics , all three data sets are valid indi
cators of population structure, although with differential magnitudes. Earlier
studies comparing genetics and anthropometrics have shown a range of
correlations, from -0.061 in the Solomon Islands (Dow et al. 1987a) to
0.83 among the Caingang (Salzano et al. 1980), whereas dermatoglyph
ics and genetics have correlations that range from -0.069 in Hvar (Simid
and Rudan 1990) to 0. 970 among Tlaxcaltecans (Enciso 1983). It is im
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portant to remember that the choice of characters and the methods for
computing correlations vary from comparison to comparison.
Given that geography and language are correlated, we have ob
served consistently high significant correlations of geography and lan
guage on the genetic, dermatoglyphic, and anthropometric structure of
these groups. Such significant overall congruence between genetics and
dermatoglyphics with language and geography has been observed in Es
kimo and Amerindian populations (Crawfor d and Duggirala 1992). But
Dow et al. (1987b) found insignificant multiple correlations in Solomon
Island groups with regard to anthropometrics and blood genetics but sub
stantial association involving dermatoglyphics.
The partial correlation results poin t out that, when language effects
are removed, both genetics (i.e., nine-population analysis) and anthro
pometrics are significantly associated with geography, as seen from the
bivariate correlations between anthropometrics and geography and be
tween genetics and geography. This contrasts with Dow et al.'s (1987b)
observations on the Solomon Island groups and the suggestion th at, rel
ative to monogenetic traits, anthropometrics depict better interpopulation
relationships within the context of geography (Dow and Chevrud 1985).
However, dermatoglyphics do not indicate significant association with
geography, as shown by both bivariate and partial correlation. Although
language is appreciably assoc iated with dermatoglyphics, anthropomet
rics, and genetics (in the six- and five-group analyses) individually in
different distance comparisons, only genetics co rrelates well with lan
guage in the absence of geographic effects (six-population analysis).
Sokal (1988), in his study of European populations, found that geo
graphic differentiation influences genetic structure more than linguistic
differentiation does. Our dermatoglyphic results contrast with other re
sults that suggest that dermatoglyphics exhibit superiority over other dis
tance mea sures in understanding ling uistic structu res of populations (Dow
et al. 1987a,b). A word of caution must be added here because our lin
guistic distance analysis is based on the robust and broad classification
of Dravidian language into three main categories: centr al, northern, and
southern branches. We have subclassified the southern Dravidian branch
into Tamil speakers (Irula) and Malayalam s peakers (Kadar), and the
central branch has been bifurcated into major and minor categories fol
lowing Krishnamurti (1969). A different approach with fewer subgroups
may elevate correlations. On the other hand, the contemporary linguistic
features of some of the tribal groups may have been influenced by the
ancient literary traditions of the neighboring caste populations.
Geographic factors appear to be prime determinants of the genetic
differentiation of south Indian tribal groups. This conclusion has been
supported by the studies of Balakrishnan (1984) and Roychoudhury
(1984a,c, 1992), even though geographic variables per se were not used
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by these researchers for the analysis both at the region al and the all India
levels. Although language has limited effect, the geographically pat
terned genetic differentiation is important among south Indian tribal groups.
Because geography limits migration, one expects high correlation be
tween geography and biological distance at some intermediate level of
migration (Jorde 1980). Our study suggests that historical processes of
gradual expansion and microdifferentiation are geographically patterned
among south Indian tribal groups. This study supports the earlier prelim
inary findings on the Chenchu reported by Reddy et al. (1982) and Sirajuddin and Balakrishnan (1991). However, we would li ke to expand
this study to other states and increase the number of variables and pop
ulations to test the veracity of our current findings. In the future we
would also like to examine the genetic diversity of Indian tribal groups
in relation to the genetic diversity of the neighboring caste populations
to test tribal autochthony.
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