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ABSTRACT

We study patterns of variation among the 20 endogamous groups of Dhangars, a
caste-cluster from Maharashtra State of India, who are semi-nomadic shepherds and
cattle herders. To understand patterns of variation, we subjected the data on fourteen
anthropometric measurements of about 2,500 adult males and data on 6 genetic mark-
ers, published among 13 of the 20 Dhangar castes, to R-matrix analysis, Harpending
and Ward model of regression of heterozygosity on the distance from centroid of the pop-
ulations, spatial autocorrelation analysis and Mantel statistics of matrix corresponden-
ce of the distances — geographic, anthropometric and genetic. Results of multiple regres-
sion analysis suggest a high degree of association between allele frequencies and the
geographic longitude and latitude; R? value suggests that about 70% of the variance in
RH7 and ACP can be assigned to geographic distribution of groups. In case of anthro-
pometry, this association with body size is found to be even stronger. Results of spatial
autocorrelation analysis, as suggested by Moran’s (I), are somewhat complementary to
those based on multiple regression analysis. Mantel test indicates significant associa-
tion between anthropometric distances and the geographic distances, not between geo-
graphic and genetic distances. The extent of differentiation of Dhangar sub-castes is
much higher in anthropometric traits (Fsy = 0.068) when compared to the genetic mark-
ers (Fgp = 0.023). Yet, the Fsrvalue obtained for genetic markers is larger than the aver-
age for the Indian populations, based on similar class of markers. The positioning of the
groups in the multivariate space reflects primarily geographic proximity of the groups
with reference to anthropometric dimensions while no tangible pattern is evident for ge-
netic markers. The plot of average heterozygosity of the groups versus their distance
from the gene frequency centroid seems to reflect population size variation, rather than-
group variation in external gene flow.
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Introduction

Because of many historical events and
different waves of migration, the Indian
population exhibits enormous cultural
diversity with many of the major eth-
nic/racial groups and linguistic families
represented. In each geographical and
linguistic area, the population is also sub-
divided into a number of endogamous
castes, tribes and religious communities.
Many of the castes are large and widely
distributed with further subdivisions
or-castes within them. These sub-castes
vary in size, mating patterns and even
adaptive strategies. While it is possible
that many of these sub-castes have com-
mon origin, Karve and Malhotra! suggest
sociological phenomenon, for example,
sanskritization, rather than genetic fis-
sion, as responsible for the existence of
the sub-castes and recommend that they
be called caste-clusters. India abounds in
such caste-clusters or sub-castes in every
part and/or linguistic area, and each of
those clusters are identified with, broadly
speaking, an occupation. Given that the
caste system is approximately 3000 years
old, this scenario provided a variety of sit-
uations to address questions pertaining
to the microevolution of the groups.

Although a large number of endoga-
mous groups of India have been studied
for various biological and genetic param-
eters, only a few systematic regional?*
and caste-cluster studies! have been con-
ducted. A few efforts were also made in
collating the existing data and deriving
patterns of variation at regional and na-
tional levels®’” Among the large-scale
systematic studies in India, the multi-
disciplinary project among semi-nomadic
Dhangars of Maharashtra undertaken
during 1969 —1974 by the Deccan College,
Pune and Indian Statistical Institute,
Kolkota under the leadership of K.C.
Malhotra stands as unique. As part of
this project, data on a wide variety and
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battery of variables- cultural, ecological,
demographic and biological- were collec-
ted among all the 20 endogamous groups
of Dhangars. Further the samples were
drawn from all the districts of Maha-
rashtra state, using rigorous stratified
random sampling design developed by
T.V. Hanurao and R. Chakraborty. Find-
ings from this project have been pub-
lished in a number of papers, covering
ecology® ! population structure!>'®> and
variation- genetic markers!®-20 dermato-
glyphs?-23 and anthropometry?. In the
present study, we attempt to elucidate
the patterns of variation among the
Dhangars with reference to anthropome-
tric and genetic marker data, applying
four different methods: (i) Harpending
and Jenkin’s R-matrix analysis?®, (ii)
Harpending and Ward method of corre-
lating genetic heterozygosity (H) to the
distance from the centroid of the gene fre-
quency array (rii)*® and its extension to
quantitative traits by Relethford and
Blangero??, (iii) Mantel test?® and (iv)
spatial autocorrelation2?3!, The latter
two tests give insights into geographic
patterning and interaction between geog-
raphy and biological variables.

Several earlier papers®2* dealing with
Dhangars provided very detailed descrip-
tion of these populations and, therefore,
we shall provide only a brief account
here. The Dhangars of Maharashtra are
traditionally semi-nomadic pastorals
(maintaining a variety of live stock), dis-
tributed through out heterogeneous envi-
ronments of Maharashtra. The archaeo-
logical evidence and ethnographic data
suggest that the contemporary Dhangar
castes are the result of more than one mi-
gration from North-West India, between
4000 and 10000 BC3? They are estimated
to number about 3 millions. The density
and distribution patterns of the different
groups of Dhangars seem to have been
guided by the suitability of the region for
the sustenance of the animals that they
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Fig. 1. Map of Maharashtra showing the core areas of the distribution of individual
Dhangar castes.

traditionally maintained and/ or the
products of those animals on which the
specific groups subsisted®. While some of
these groups are highly localized, some
are widely distributed, this variation in
distribution being largely dependent on
their numerical strengths. The core areas
of the distribution of individual castes are
given in Figure 1. On the basis of this, the
twenty Dhangar castes can be broadly
categorized into four regional groups, viz.
southern, central, northwestern and
northeastern. Given the characterization
of Khatik, Shegar, Khutekar and Telangi
as 'central groups’ the regional identity of
the other groups is clear-cut on the map
(Figure 1). The names of the populations,
their sizes, and linguistic, geographical
and occupational backgrounds are given
in Table 1.

Ethno-historic investigations among
the Dhangars (not published as yet) sug-
gest that the Kannade, Unnikankan and
Kurmar who speak Kannada were origi-
nally from Karnataka and might have
migrated to the present habitats in Ma-
harashtra at different points of time.
Whereas Hatkars, Zende, Thellari and
Dange trace their origin to a single caste
in the remote past, Shegars claim that
they have nothing to do with the Dhan-
gars and are descendents from Rajaputs
of Rajasthan, a Northwestern state of In-
dia. Ahirs who speak ’Ahrani’ a mixed di-
alect of Gujarathi and Marathi should
show closer affinity to the Ladshe and
Dange who have supposedly come from
Gujarat. On the other hand, Gadhari-
Nikhar and Gadhari-Dhengar, having
migrated from North India, speak Hindi
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TABLE 1
THE LIST OF POPULATIONS AND SAMPLE SIZES (FOR ANTHROPOMETRIC TRAITS), AND LINGUISTIC,
GEOGRAPHICAL AND OCCUPATIONAL BACKGROUNDS OF THE POPULATIONS STUDIED

1. Ahir 300,000 241 75.00 20.50 Marathi SK/'WW
2. Dange 100,000 154 73.50 17.50 Marathi BK
3. Gadhari Dhengar 20,000 66 75.00 20.00 Hindi SK
4. Gadhari Nikhar 5,000 50 75.00 20.33 Hindi SK/WW
5. Hande 4,000 58 75.25 17.25  Kannada SK
6. Hatkar 573,000 449 74.75 17.67 Marathi SK
7. Kannade 15,000 52 79.50 20.75 Marathi SK
8. Khatik 15,000 125 74.00 18.50 Marathi MS
9. Khutekar 550,000 368 76.00 19.50 Marathi SK/'WW
10. Kurmar 15,000 88 80.00 20.00 Kannada SK/WW
11. Ladshe 6,000 92 79.50 21.00 Marathi SK/CW
12. Mendhe 30,000 113 74.50 17.00 Marathi SK/'WW
13. Sangar 10,000 73 74.50 71.50 Marathi WW
14. Shegar 40,000 63 74.50 18.75 Marathi SK/WW
15. Telangi 5,000 55 77.25 19.00 Telugu SK/WW
16. Thellari 7,000 94 74.75 21.00 Marathi SK/CK
17. Unnikankan 6,000 57 76.50 17.33 Marathi SK/WW
18. Varhade 100,000 57 78.75 21.00 Marathi SK/CW
19. Zade 15,000 62 79.00 20.50 Marathi SK/WW
20. Zende 80,000 120 75.00 17.17 Marathi SK/HK

*SK = sheep keeping; WW = woolen weaving; MS = meat selling; CW = cotton weaving; CK = cat-
tle keeping; HK = horse keeping; BK = buffalo keeping

and should be genetically distinct from
other Dhangar castes. Among the others,
while the Telangi speaks Telugu and
probably migrated from Andhra Pradesh,
the remaining groups speak Marathi.
The Khatiks are said to have derived
from Khutekars and should show close
affinity to them. Reflecting these histori-
cal backgrounds, naturally, they speak
four different languages- Marathi, Hindi,
Kannada and Telugu. The rate of admix-
ture among the different Dhangar castes
is estimated to be only about 1 in 1000
marriages'®, suggesting high degree of
subgroup endogamy. These groups also
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vary enormously in terms of population
size and mating patterns, providing suit-
able frame for studying population struc-
ture and patterns of variation.

Material and Methods

Fourteen anthropometric measure-
ments, useful in delineating ethnic char-
acteristics, were collected during 1970-
1974 on 2437 adult males from the 20
endogamous sub-groups, distributed in
177 villages spread over 82 Tahsils of all
the 26 districts of Maharashtra. Twelve
of these 14 measurements are on head
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and face: head length (HL), head breadth
(HB), minimum frontal breadth (MFB),
bizygomatic breadth (BZB), bigonial
breadth BGB), upper facial height (UFH),
nasal height (NH), nasal breadth (NB),
biorbital breadth (BOB), inter orbital
breadth (I0B), orbitonasal arc (ONA) and
head circumference (HDC). The other two
measurements are vertex height (HT)
and height tragus (HTRG). The measure-
ments were taken following the standard
methods of Martin and Saller?® The mea-
surements were taken by the same set of
investigators on all the subjects.

In addition to this we have analyzed
published data on 6 genetic loci (ACP, HP,
ABO, MN, P, and Rh), that are commonly
available for 13 of the 20 Dhangar
groups'??* For the remaining 7 groups
not all the 6 loci were typed and hence the
analyses restricted to 13 populations The
total number of blood samples typed var-
ied enormously among the loci, about
1400 for HP to 2400 for A1A2BO blood
groups. However, for majority of the
groups the minimum sample size is near-
ly 100 or above. Only for 5 of the 13
groups the sample size is in the range of
60-70.

Statistical analyses

In order to understand the relation-
ship among the sub-populations of Dhan-
gars we have applied R-matrix analysis
of Harpending and Jenkins? to the ge-
netic marker data. This is basically a top-
ological approach of representing popula-
tion structure, and relationships among
the groups are represented graphically in
two dimensions by eigen vectorial reduc-
tion of the covariance matrix. The Re-
lethford and Blangero method?®, which
extends the above to quantitative vari-
ables was used for anthropometric data.
The centroids of the populations are pro-
jected on to the first two vectors/principal
coordinates.

The relative roles of systematic vs.
non-systematic forces in the differentia-
tion of sub-structured populations can be
inferred using the model of Harpending
and Ward?” for genetic data and its exten-
sion by Relethford and Blangero?® for
anthropometric data. According to this
model, given the wuniform systematic
pressure (gene flow) from outside genetic
heterogeneity is negatively correlated
with the genetic distance from the cen-
troid of the gene frequency array (rii).
Higher than average gene flow into any of
the subgroups is expected to reflect in the
higher than average heterozygosity/phe-
notypic variance than predicted by re-
gression. Conversely, populations experi-
encing isolation and drift show lower
values and lie below the regression line.

The basic steps involved in the appli-
cation of Harpending and Ward model are
given below:

Given n loci with two alleles at each
locus, the expected heterozygosity of pop-
ulation i [E(H,;)Uis a function of the he-
terozygosity of the total region (H;) and
the genetic distance between population i
and the regional gene frequency centroid
(r3). That is,

E(H;) =H(1 —ry). (D

This equation provides an expected
linear regression line of heterozygosity on
genetic distance from the centroid with
intercept H, and slope —H;. For two alleles
at each locus the heterozygosity of the to-
tal region is computed under the assump-
tion of complete panmixia as

H, =02pq/n, 2)

where p;, and q;, ( = 1 — p;,) are the weight-
ed mean allele frequencies for locus £ and
summation is over all n loci. The mean al-
lele frequencies are computed as

pr=Uwpi, (3)
qr = 1 — Pk (4)
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Where wi is the ratio of the census size
of population i to the total census size
over all groups, p;;, is the frequency of one
allele at locus % in population i, and sum-
mation is over all groups.

The genetic distance of a population to
the regional centroid is computed as the
diagonal of the R matrix of scaled vari-
ances and covariances about the regional
mean allele frequencies?® For each allele
the elements of the R matrix for popula-
tions i and j are computed as

rij=(pi —=p)p;=p)/p(1-p). (5

The overall R matrix is then averaged
over all alleles. The R matrix provides an
estimate of genetic kinship relative to the
contemporary region. That is, it mea-
sures deviations from the contemporary
mean allele frequencies.

The observed heterozygosity of popu-
lation, I, is computed as

H; =02pqir/n, (6)

where summation is over all n loci. Under
the assumption that all populations expe-
rience the same amount of gene flow from
the same source (a homogeneous »outside
world«), the expected heterozygosity and
observed heterozygosity for population i
will be the same. If either the rate or
source of external gene flow is different
among populations, then the expected re-
lationship will not hold for all popula-
tions. In particular, Harpending and
Ward?” show that populations having
greater than average external gene flow
will have observed heterozygosities grea-
ter than expected. Comparison of expec-
ted heterozygosity with observed hetero-
zygosity allows assessment of which
populations, if any, have experienced
greater than average external gene flow
H;>E(H;)Oor less than average external
gene flow [(H;<E(H;)[
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Mantel test

The statistical significance of the asso-
ciation between anthropometrics, genet-
ics, and geographic distance matrices we-
re estimated employing the Mantel test2.
Given two distance matrices, A and B,
this method examines association be-
tween their elements by using the statis-
tic

ZAB = AijBij

Where A;; and B;; are elements of row i
and column j of matrices A and B, which
results in an unnormalized correlation
coefficient. The statistic Z,p is normal-
ized into product-moment correlation co-
efficient that ranges from —1 to +1. The
significance of the observed correlation is
tested by comparing it against the sam-
pling distribution of Z, based on a ran-
domized B matrix, Bg.

Spatial autocorrelation analysis

Spatial autocorrelation analysis??-3! is

used to explore spatial patterning of va-
riate values and to gain insights into pro-
cesses which structure the patterns of
variation among the groups distributed
in a wide geographic territory. The data
for the spatial autocorrelation analysis
consist of the geographic locations (Longi-
tude and Latitude) the focal points of the
20 Dhangar castes and the 14 anthro-
pometric measurements on the one hand,
and the 17 allele frequencies on the other.
The geographic distances between these
populations range from 145 to about 726
kilometers. Moran’s I, as opposed to Gea-
ry’s C, was chosen as the coefficient of
autocorrelation because of its numerical
and statistical properties3®31:35, Compa-
red to continental scales, the distribution
of Dhangars is limited to a maximum dis-
tance of only about 730 kilometers. Hen-
ce, only about 5 distance classes with a
lag of about 150 kilometers were used for
the purpose of estimating I.
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Multiple regression analysis

To test the correspondence between bi-
ological variation and geography, spatial
correlation analysis was supplemented
by the multiple regression analysis, using
the square roots of allele frequencies and
the anthropometric measurements as de-
pendent variables and the longitude and
latitude as the independent variables.

Results

Patterns of population differentiation

Figure 2 gives graphical representa-
tion of the Dhangars populations’ cen-
troids onto the first two principal coordi-
nates, derived from the R-matrix analysis
of anthropometric variables. Approxi-
mately 60% of the total variance is ac-
counted for by the first two eigen values;
the first axis accounts for 32.2 % and the
second for 26.3 % of the total variance.
The variables with highest positive corre-
lation with the first axis are UFH, BOB,
and HL, whereas BZB, HB, ONA, and

MFB score highly on the 2" axis. The dis-
persion of populations in the multivariate
space suggests that the Dhangar popula-
tions distributed in the southern areas of
Maharashtra are clearly separated from
the rest of the populations on the 1 axis,
although the differentiation of north-
western and north-eastern regional
groups of Dhangars is not very apparent.
These populations are, however, scat-
tered along the 2" axis but with no par-
ticular pattern consistent either with the
geographic positioning, migration history
or linguistic background. However, the
largest populations — Hatkar, Khutekar,
Ahir and Dange — with wide geographic
distribution, are placed centrally. The
Khatik, whose distribution is restricted
to Pune and certain other urban areas,
stand out as an outlier, clearly separated
from other groups. However, the unro-
oted NJ tree constructed from the D? dis-
tances (Figure 3) shows three major
branches, broadly representing three re-
gional groups. One of the three consti-
tutes 7 populations of southern Maha-
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Fig. 2. R-matrix analysis of the anthropometric variables. Graphical representation of
the centroids of the Dhangar populations on to the first two eigenvectors.
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Fig. 3. Unrooted N tree constructed from the D? distances based
on anthropometric variables.

rashtra, whereas the 2" branch consti-
tutes 4 of the northeastern populations,
which are joined by Thellaries from
northwest and Dange from the south-
west. The other branch constitutes Ahir,
Khutekar, Varhade, Telangi and Gadhari-
Nikhar, including two populations from
northwestern region. The central groups,
true to their ambiguous geographic posi-
tion, integrated into either southern or
northwestern clusters.

Genetic markers

Figure 4 is a true least square reduc-
tion of an R-matrix into a genetic map of
13 Dhangar populations based on 6 loci
(ABO, MN, P, Rh, AcP and Hp) with a to-
tal of 17 alleles. The first two eigen vec-
tors account for about 51% of the total
variance, about 28% and 23%, respec-
tively, by the first and second eigen vec-
tors. On the first axis, ABO*O and RH*3
present high positive correlation, whe-
reas ABO*A and ABO*B show high nega-
tive correlation. While ABO*O and P*1
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show high positive score, P*2 shows high
negative correlation on the second axis.
The migrant Telugu population, the Te-
langi, is clearly separated from most of
the southern and some northeastern pop-
ulations on the first axis, while on the 2"d
axis the southern populations mostly lie
on the lower half, separated from the
northern populations which lie in the up-
per half of the plot. The Kannada speak-
ing Hande and Kurmar, although pres-
ently geographically far apart, are placed
proximate to each other in the genetic
map, adhering to their linguistic affilia-
tion. Hatkar and Zende who trace their
origin to a common caste are also placed
relatively closer in the genetic map.

Given vastly different effective popu-
lation sizes of Dhangar castes weighting
against population sizes might blur the
action of genetic drift?¢, hence population
weights were not used in the computa-
tion. The unweighted Fgr values suggest
moderate genetic differentiation in the
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Fig. 4. Eigenvector plot of R-matrix showing the relationships among Dhangar
populations based on genetic markers.

Dhangar caste- cluster with reference to
genetic markers (Fgr=0.023). A relati-
vely much higher differentiation (almost
3 times) is observed in anthropometric di-
mensions (Fgp =0.068 00.002), especial-
ly when average heritability of 0.55 is
considered as approximation for Dhan-
gars and used in the computation. The
relatively much greater degree of differ-
entiation in anthropometric dimensions
is also evident in the way the populations
are dispersed in the eigen vector plots
made on the comparable scale (Figures 2
and 4). Given the wide geographic distri-
bution of the Dhangar castes and due to
plasticity of anthropometric dimensions
the larger Fgy value, despite short evolu-
tionary history, is probably expected
when compared to the genetic markers.

Heterozygosity and rii

Figures 5 and 6 are the plots of the re-
gression of phenotypic variance and
mean per locus heterozygosity, respecti-
vely, against the rii values in case of
anthropometry and genetic markers. The

observed and expected values of pheno-
typic variance in case of anthropometry
and observed and expected heterozygo-
sities for genetic markers along with Rii
values are furnished in Tables 2 and 3.
Most populations in the regression plot of
anthropometry (Figure 5) lie close to the
theoretical line, only the migrant and
non-Marati speaking Telangi and Kur-
mar populations with small phenotypic
variance lie as distinct outliers below the
line. This suggests greater isolation of the
migrant populations and less than aver-
age gene flow into them from outside.
While the Kurmar shows very large rit,
the Telangi exhibits intermediate rii
value, which probably reflects isolation
and small population size, with different
histories of population formation of the
two groups. The Hande and Mendhe from
southern Maharashtra show relatively
high phenotypic variance but intermedi-
ate value of rii, suggesting some effect of
external (from outside Dhangar castes)
gene flow and reproductive isolation from
the other Dhangar castes. Another inter-
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Fig. 6. Regression plot of average heterozygosity on the distance of each population from the
gene frequency centroid (Rii) of the Dhangar populations and the theoretical regression line.

esting feature of this graph is the numeri-
cally predominant groups — Ahir, Dange,
Hatkar and Khutekar — all show relatively
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high phenotypic variance but are close to
the centroid. Of all the populations,
Khatik shows itself as the most glaring
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TABLE 2
OBSERVED AND EXPECTED PHENOTYPIC VARIANCES AMONG DHANGAR POPULATIONS:
RELETHFORD-BLANGERO ANALYSIS (Ry; = DISTANCE TO THE CENTROID)

Population Ry

Within-group phenotypic variance

Observed Expected Residual
Ahir 0.028 0.986 0.965 0.021
Dange 0.039 0.969 0.954 0.015
GadhariDengar 0.063 0.916 0.930 -0.014
GadhariNikhar 0.075 0.976 0.918 0.058
Hande 0.077 1.013 0.916 0.097
Hatkar 0.020 0.921 0.973 —-0.052
Kannade 0.025 0.941 0.968 —-0.027
Khatik 0.209 1.067 0.785 0.282
Khutekar 0.019 0.911 0.973 -0.063
Kurmar 0.126 0.755 0.867 -0.112
Ladshe 0.045 0.904 0.947 —-0.043
Mendhe 0.097 0.987 0.896 0.091
Sangar 0.047 0.905 0.946 -0.041
Shegar 0.092 0.959 0.901 0.058
Telangi 0.058 0.753 0.935 -0.181
Thellari 0.036 0.848 0.957 -0.108
Unnikankan 0.088 0.866 0.905 -0.039
Varhade 0.090 0.960 0.903 0.056
Zade 0.049 0.893 0.943 —-0.050
Zende 0.075 0.969 0.918 0.051

Mean within-group phenotypic variance = 0.925

outlier above the line, showing not only
the largest phenotypic variance but also
the largest distance from the centroid.

The regression plot for the genetic
markers (Figure 6) is somewhat inconsis-
tent with the anthropometric pattern. Of
the 13 populations, only the positions of
Unnikankan, Khutekar and Zade are
somewhat similar in the two regression
plots. Broadly speaking, while the She-
gar, Ladshe and Sangar are placed above
the regression line, somewhat removed
from the centroid, the migrant Telangi
and the large group of Hatkars are placed
above the line but farther away from the
gene frequency centroid. While the Zende
and Mendhe are placed in close vicinity of

the regression line, the remaining six po-
pulations are placed below and farther
from the line, suggesting less than aver-
age gene flow from outside Dhangar cas-
tes. While the Telangi, Sangar, Ladshe,
Hande and Hatkar are placed as outliers
above the regression line suggesting
greater than average gene flow into these
populations in case of genetic markers,
the same populations are placed below
the line suggesting less than average ge-
ne flow in case of anthropometry. The two
sets of variables thus present discordant
patterns of population structure. Further,
the Hatkars and Kannade, which are clo-
sest to the centroid in case of body mea-
surements, are placed farthest in genetic
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TABLE 3
THE OBSERVED AND EXPECTED MEAN HETEROZYGOSITIES AND THE RII

Population Rii Heterozygosity
Observed Expected Residuals

Hande 0.0106 0.2223 0.2277 -0.0053
Hatkar 0.0433 0.2313 0.2292 0.0022
Kannade 0.0332 0.2033 0.2287 -0.0255
Khutekar 0.0154 0.2213 0.2279 -0.0066
Kurmar 0.0113 0.2200 0.2277 -0.0077
Ladshe 0.0254 0.2462 0.2284 0.0178
Mendhe 0.0060 0.2305 0.2275 0.0031
Sangar 0.0228 0.2448 0.2282 0.0165
Shegar 0.0201 0.2452 0.2281 0.0171
Telangi 0.0478 0.2383 0.2294 0.0089
Unnikank 0.0292 0.2163 0.2286 -0.0123
Zade 0.0219 0.2145 0.2282 -0.0138
Zende 0.0073 0.2331 0.2275 0.0055

Fst = 0.0226; Mean heterozygosity = 0.2341

markers making the interpretation some-
what difficult.

Certain geographic trends are seen in
the way the populations are placed in the
eigen vector plots, especially in the case
of anthropometric variables. In order to
gauge the nature and extent of the geo-
graphic patterning we used the results of
three related analytical procedures, which
are outlined below.

Multiple regression analysis

The results of the multiple regression
analysis of the different anthropometric
dimensions on the latitude and longitude
of the populations, taken at the core point
of their distribution, are presented in Ta-
ble 4. It is interesting to note that nine of
the 14 anthropometric measurements,
barring HL, BGB, UFH, NB and BOB,
show highly significant association with
geography. Each of the 9 anthropometric
dimensions shows strong negative corre-
lation with longitude suggesting that the
western populations are bigger in size.
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R-Square values suggest that while over
50% of variation in HB, MFB and HDC is
explained by the geographical position of
the populations, about 40-45% is simi-
larly explained by ONA, BZA and HT.
Similar analysis in case of genetic mark-
ers (Table 5) suggests high correlation be-
tween some allele frequencies and the
latitude and longitude. R-Square values
suggest that the proportion of variance in
allele frequency attributable to geogra-
phic variation is 68% in ACP*1, 65% in
RH7, and 51% and 42% in RH3 and RH5,
respectively.

Mantel tests

The correlation between genetics and
geography (r = 0.11) and genetics and an-
thropometric (r = 0.007) distance matri-
ces are small and insignificant. However,
the correlation between anthropometric
and geographic distance matrices is very
high (r = 0.61) and, despite limited num-
ber of the degrees of freedom, statistically
highly significant (p<0.01). Given the
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LATITUDE AND LONGITUDE

TABLE 4
MULTIPLE REGRESSION ANALYSIS OF THE ANTHROPOMETRIC VARIABLES ON

Allele

R2

F prob.

Partial correlation

LAT LON
HT 0.396 0.014 -0.177 ~0.4661
HTRG 0.327 0.035 0.092 -0.5201
HL 0.071 0.533 0.219 -0.255
HB 0.599 0.001 -0.338 ~0.5862
MFB 0.539 0.002 -0.021 ~0.6502
BZB 0.403 0.013 -0.163 ~0.480!
BGB 0.223 0.117 0.055 ~0.418
UFH 0.198 0.153 0.382 ~0.424
NH 0.364 0.021 -0.276 -0.363
NB 0.225 0.115 -0.420 0.056
BOB 0.191 0.165 0.358 ~0.424
10B 0.338 0.030 0.537! -0.5391
ONA 0.448 0.006 0.277 ~0.6502
HDC 0.507 0.003 -0.173 -0.5711
1=p<0.05; 2=p<0.01
TABLE 5

MULTIPLE REGRESSION ANALYSIS OF THE SQUARE ROOT OF THE GENE FREQUENCIES ([P)*

ON LATITUDE AND LONGITUDE

Allele R F prob Partial correlation Number of
) LAT LON samples

ABO1 0.146 0.453 0.096 -0.275 13
ABO2 0.215 0.289 -0.107 -0.162 13
ABO3 0.173 0.386 0.173 -0.343 13
ABO4 0.373 0.097 -0.281 0.522 13
ACP1 0.681 0.050 -0.799¢ 0.825! 8
HP1 0.228 0.313 0.173 0.106 12
HP2 0.066 0.737 -0.156 0.029 12
HP3 0.045 0.818 0.129 -0.024 12
M 0.249 0.276 0.499 -0.451 12
P1 0.056 0.751 -0.236 0.202 13
RH1 0.084 0.965 0.005 -0.046 13
RH2 0.059 0.965 0.098 0.031 13
RH3 0.505 0.029 0.127 0.365 13
RH4 0.279 0.194 -0.169 -0.150 13
RH5 0.420 0.065 0.635! —-0.635" 13
RH6 0.185 0.359 —-0.048 -0.193 13
RH7 0.648 0.005 -0.7652 -0.570" 13
1=p < 0.05
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small geographic range of population dis-
tribution, lack of systematic correlation
between geographic and genetic distance
matrices is not surprising. That there is
no concordance in the pattern of popula-
tion affinities based on anthropometry
(Figure 2) and genetic markers (Figure 4)
is corroborated by insignificant Mantel
correlation between the distance matri-
ces based on these two sets of variables.
Furthermore, the correlation between
anthropometric and geographic distance
matrixes remained virtually same (r =
0.613), even after partialling out the ef-
fect of genetic distances, suggesting lack
of interaction of genetic distances with ei-
ther anthropometric or geographic dis-
tances. Therefore, the geographic distan-
ces between the populations can account
for about 40% of the variance in anthro-
pometric distances between them. Over-
all, the above results suggest that the
population affinities are geographically
patterned in anthropometric traits, not in
genetic markers.

Spatial autocorrelation

Given that the anthropometric mea-
surements among the Dhangars are pat-
terned geographically spatial autocorre-
lation was used to examine the form of
this patterning and explore the kind of
spatial processes implicated. Results of
the spatial autocorrelation analysis are
summarized in Tables 6 and 7 for an-
thropometry and genetic markers, res-
pectively. There appears to be a subtle
trend of monotonic decline in the level of
spatial autocorrelation — a relatively lar-
ge positive values at the smallest spatial
lags followed by a gradual decline to the
largest negative values towards the ex-
treme spatial lags. However, because of
the limited number of spatial lags we
have not attempted to draw correlo-
grams. Eight of the 14 anthropometric di-
mensions show statistically significant
correlation, but for the genetic markers
only RH3 shows a monotonic decline with
high positive correlation at the smallest
lag followed by gradual decline with high

TABLE 6.
SPATIAL AUTOCORRELATION (MORAN’S I) RESULTS FOR ANTHROPOMETRIC VARIABLES

Body Distance lags in kilometers Overall P
measurements 145 291 436 581 726

HT 0.412 -0.04 -0.672 -0.70% 0.21 0.000
HTRG 0412 -0.14 -0.692 -0.662 0.371 0.000
HL -0.13 —-0.02 -0.01 0.12 -0.31 0.293
HB 0.382 0.10 -0.392 —-0.63?2 -0.70% 0.000
MFB 0.332 0.06 -0.16 —-0.56% —0.88% 0.000
BZB 0.25? 0.07 -0.28 -0.512 -0.41 0.000
BGB 0.05 -0.01 0.02 -0.17 —0.532 0.090
UFH -0.12 0.11 0.01 -0.13 0.03 0.512
NH 0.14? -0.11 0.08 -0.22 —0.742 0.008
NB -0.09 0.09 -0.24 0.11 -0.42 0.268
BOB -0.09 0.01 —-0.02 0.03 -0.33 0.445
I10B -0.09 0.03 -0.16 0.10 -0.38 0.395
ONA 0.222 -0.12 -0.09 -0.18 —-1.042 0.000
HDC 0.25? 0.06 -0.16 -0.33! -1.142 0.000

1=p<0.05; 2=p<0.01 (significance Bonferroni approximation)
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TABLE 7
SPATIAL AUTOCORRELATION (MORAN’S I) RESULTS FOR GENETIC VARIABLES (13 POPULATIONS)

Alleles Distance lags in kilometers
Overall P
145 291 436 581 726

ABO*0 -0.00 0.17 -0.19 -0.30 -0.10 0.483
ABO¥*A; 0.30! -0.20 -0.31 0.04 -0.23 0.137
ABO¥*A, 0.05 -0.22 0.06 -0.05 -0.24 1.000
ABO*B 0.18 0.06 0.02 -0.25 -0.40" 0.165
ACP*1 -0.41 -0.00 -0.00 -0.21 -0.04 0.431
HP*1 —0.08 -0.29 -0.15 0.25 -0.09 0.586
HP*2 -0.05 -0.24 -0.30 0.24 -0.10 0.278
HP*3 -0.07 -0.22 -0.31 0.23 -0.09 0.312
M -0.16 -0.16 -0.421 0.20 0.03 0.198
P*1 -0.22 0.09 -0.28 -0.22 0.20 0.321
RH1 -0.26 0.05 -0.21 -0.12 0.10 0.698
RH2 -0.26' -0.17 0.08 -0.02 -0.04 0.855
RH3 0.732 0.11 0.13 -0.742 -0.582 0.000
RH4 0.17 -0.22 0.21! -0.35 -0.19 0.248
RH5 -0.03 -0.03 -0.20 -0.07 -0.09 1.000
RH6 0.10 -0.19 0.23! -0.511 -0.02 0.084
RH7 0.14 -0.15 -0.02 -0.23 -0.15 0.657

1=p<0.05; 2=p<0.01 (significance Bonferroni approximation)

negative correlation at the extreme dis-
tance lags. None of the other alleles show
any clinal pattern except for a meek and
insignificant trend in ABO*B.

Discussion

Comparisons based on thirteen popu-
lations bring out patterns of population
structure that are somewhat contradic-
tory with reference to genetic markers
and anthropometry. The different statis-
tical analyses suggest that the pattern of
anthropometric variation among Dhan-
gars is governed primarily by the geo-
graphic affiliations of the groups than by
the microlinguistic and/or ethno-historic
backgrounds. However, neither geogra-
phic nor ethno-historical patterns are ap-
parent in case of the genetic markers.
There is, nevertheless, a semblance of
ethnic/linguistic affinities in the way

some populations formed clusters. For ex-
ample, the Kannada speaking Hande and
Kurmar, although presently geographi-
cally separated, are placed close to each
other as is the case with Hatkars and
Zende who had apparently had derived
from the same caste in the recent past.
Overall, discrimination based on anthro-
pometric variables is much greater than
that of the genetic markers. This may be
because of the fact that the six loci stud-
ied represent very little of their genetic
constitution compared to the polygenetic
characters like anthropometric traits.
Despite anthropometric variables usually
being mediated by environmental noise, a
clear geographic pattern observed may
not totally belie the inherent genetic re-
semblance. Despite the traditional norms
of endogamy it is this geographic proxim-
ity that might have provided opportuni-
ties for gene flow, whereas geographically
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separated populations despite social par-
ity often fail to get access to each other to
exchange genes due to number of con-
straints. In this context, it is interesting
to note that recent findings based on
DNA and traditional markers also sug-
gest that the Indian populations cluster
according to geographic rather than eth-
nic affiliation®738,

The total lack of correspondence be-
tween anthropometric and genetic dis-
tance matrices is somewhat puzzling and
prompts us to surmise whether different
sets of variables evolve differently. The
lack of correspondence in the distance
matrices of different sets of dermatogly-
phic variables has also been observed ear-
lier among the same Dhangar groups®.

Certain insights are provided by the
regression analysis of phenotypic vari-
ance on rii, again in anthropometric vari-
ables. For example, the Khatiks, having
been mostly isolated from the Dhangar
castes and restricted to urban locales
show very large rii as well as the highest
phenotypic variance, suggesting greater
degree of admixture with non-Dhangar
groups as well as greater isolation from
other Dhangar populations. Given that
the Khatiks live mostly in towns, subsist-
ing as butchers, they have probably had
greater opportunities for genetic interac-
tion with heterogeneous urban popula-
tions, hence their position in the regres-
sion plot may not be surprising. Simi-
larly, large phenotypic variance and pla-
cement very close to the centroid shown
by Ahir, Hatkar, and other numerically
large populations, is genetically quite
meaningful given that these few groups
represent over 70% of the Dhangar popu-
lation in the state besides having very
wide geographic distribution. The rela-
tively large phenotypic variance among
these groups could be due to large popula-
tion sizes rather than external gene flow,
as has been recently illustrated by one of
us?. The pattern based on genetic mark-
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ers among the 13 populations does not
display any of these features and the ob-
served pattern does not lead to any ratio-
nal genetic interpretation of their popula-
tion structure.

Another consistent feature that has
been brought out by the spatial autocor-
relation analysis of the anthropometric
traits is the positive value of Moran’s I, at
least at the first distance lag, followed by
gradual decline to large negative values,
although the decline is not quite mono-
tonic in nature. Yet this may suggest that
the populations, which are geographical-
ly closer tend to have greater similarity
in anthropometric dimensions, when
compared to the farther ones. These re-
sults almost complement the results of
multiple regression analyses with very
minor differences. The fact that in most
cases the autocorrelation (Moran’s I) be-
comes either zero or tend to be negative
from the 2" distance lag itself may be a
pointer to the Indian population struc-
ture wherein the gene flow is restricted
by geography only within the castes. Be-
tween the castes the gene flow is res-
tricted by social norms even when their
members reside the same village. Besides
this, traditionally, the marital movement
had been restricted to very small dis-
tances. Nevertheless, the Moran’s I value
in most cases indicates decreasing relat-
edness with increasing distance. In case
of genetic markers such a pattern is seen
only in one of the 16 alleles (RH3). Over-
all, the expectations borne out of the eth-
no-historical and linguistic information
outlined in the last paragraph of the in-
troduction are not adequately reflected in
the results, except for very minor and
subtle indications in the plot. To conclude
we may say that the population structure
of the Dhangars is overwhelmingly medi-
ated by the geographic position of the
groups in case of body dimensions whe-
reas no significant pattern is brought out
by the genetic markers. One of the plausi-
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ble reasons for this could be the limited
number of loci considered for the study
and relatively short evolutionary history
of these sub-castes. Increasing number of
these loci and/or the analysis of hyper-
variable DNA markers of different kind-
mtDNA, Y-based and nuclear- may offer
better insights into the population struc-
ture and patterns of variation of this se-
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UZORCI VARIJACIJA U KLASTERU KASTA DHANGARS IZ
MAHARASHTRA, INDIJA

SAZETAK

Istrazivan je uzorak varijacija medu 20 endogamnih skupina polu-nomadskih sto-
¢ara Dhangars, klastera kasti iz Maharshtra drzave, Indija. Koristeni su podaci o ¢etr-
naest antropometrijskih mjera za 2500 odraslih muskaraca te podaci o 6 genetskih
markera koji su do sada objavljeni za 13 od 20 Dhangars kasti. U cilju razumijevanja
uzorka varijacije, napravljena je R-matriks analiza, Harpending i Wardov model regre-
sije heterozigotnosti na udaljenost od centroida populacija, prostorna autokorelacijska
analiza i Mantelova statistika podudaranja matrica zemljopisne, antropometrijske i
genetske udaljenosti. Rezultati analize viSestruke regresije sugeriraju visok stupanj
povezanosti izmedu frekvencije alela i zemljopisne duljine i Sirine; R? vrijednosti su-
geriraju da oko 70% varijance u RH7 i ACP moze se pripisati zemljopisnoj raspodijeli
skupina. Sto se tie antropometrije, povezanost s veli¢inom tijela pokazala se jos i
snaznijom. Rezultati prostorne autokorelacijske analize su, kao $to je sugerirao Mo-
ran, donekle komplementarni onima zasnovanima na analizi viSestruke regresije.
Mantelov test upuéuje na znaéajnu povezanost izmedu antropometrijskih i zemljopis-
nih udaljenosti, ali ne i izmedu zemljopisnih i genetskih udaljenosti. Razmjer diferen-
cijacije Dhangars pod-kasta puno je veéi u antropometrijskim osobinama (Fgr = 0.068)
u usporedbi s genetskim markerima (Fgr = 0.023). No ipak, Fsyvrijednosti dobivene za
genetske markere su veée od prosjeénih u populacijama Indije, zasnovanih na sli¢noj
klasi markera. Pozicioniranje skupina u multivarijatnom prostoru odrazava prven-
stveno zemljopisnu bliskost skupina, a odnosi se na antropometrijske dimenzije, dok
niti jedan uodljiv uzorak nije razvidan za genetske markere. Plot prosje¢ne heterozigo-
tnosti skupina naprema njihovim udaljenostima od centroida frekvencije gena izgleda
da u vecoj mjeri odrazava varijacije u veli¢ini populacije nego varijacije medu skupi-
nama u stupnju vanjskog protoka gena.
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