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Abstract
Background: Anthropometric variation can be fruitfully utilized to investigate microevolutionary

processes. Anthropometric variations in the Indian subcontinent based on stature and three indices
(Cephalic Index, Nasal Index, and Total Facial Index) are highly variable and discriminative among
populations across geographical regions.

Aims: Anthropometric variation in stature, Cephalic Index (CI), Nasal Index (NT) and Total Facial
Index (T'FI) were investigated with respect to ethnic, linguistic, geographical and climatic affiliation,
across the Indian subcontinent.

Subjects and methods: Published data on anthropometric variations of 531 populations from
the Indian subcontinent were analysed using discriminant analysis and spatial autocorrelation analysis.
Resules: Discriminant analysis of the four anthropometric variables shows that stature and NI are good
discriminators for populations of different languages. Stature, NI and CI discriminate well among
populations of diverse ethnic origin and climatic conditons in different regions. TFI is not a good
discriminator for populations of diverse ethnic, linguistic and climatic attributes. Spatial autocorrela-
ton analysis showed significant departure from randomness, suggesting geographic structuring.
The Moran’s I estimate is positive and statistically significant for the four variables at low distances

but exhibits significant negative association at higher values.
Conclusion: The results suggest geographical clines for the four anthropometric variables and indicate

the influence of population structure on the studied variables.
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Introduction

India is characterized by a wide diversity of populations, which consists of several
endogamous groups of varying size and distribution. This is attributed to the settlement of
a variety of populations since prehistoric times (Thapar 1966, Kennedy 2000, Misra 2001),
geographical isolation, cultural and linguistic barriers and the unique socio-cultural milieu
that maintains group endogamy and subdivided population structure among multitudinous
communities (Karve 1961, Singh 1994a, b). A recent estimate suggest that there are at least
4635 communities comprising castes, subcastes and tribes of diverse ethnic, linguistic,
religious and cultural stocks in different geographical regions of the country (Singh et al.
1994). This stratified population structure and the nature of this vast diversity is of interest
to anthropologists, human biologists and population geneticists to investigate the extent
and nature of biological diversity, the factors that maintain the diversity and its
microevolutionary process.

Morphological features have become the subject of inquiry for classification or for
investigating the affinity between populatons. The racial classification by Risley (1915),
Guha (1935), and others were the early attempts to classify the diversity of Indian popula-
dons. This was followed by some regional anthropometric studies among regional castes and
tribes. Although these studies were based on different sets of characters and followed a
variety of methods they revealed enormous variation between the castes and tribes in differ-
ent regions {Mahalonobis et al. 1949, Majumdar and Sen 1950, Karve and Dandekar 1951,
Majumdar and Rao 1960, Ganguly 1979, Malhotra et al. 1981). Some of the interesting
findings of the above studies are insignificant anthropometric variation among subcastes
and between upper or lower ranked castes in the same region. The tribal populations
showed distinct differences from castes and show wide geographical variation, which is
expected in view of their isolation and distribution in different parts of the country.

The earlier studies on anthropometric variation are limited to some specific regions
and among a few selected populations. In this regard, it is interesting to investigate whether
geographical sub-structuring of anthropometric variation across different castes and tribes
can be observed across the country. However, such comprehensive study of anthropometric
variation across different regions is little investigated, possibly because of the practical
difficulties of handling such national-level projects. One approach is to use the compilations
of published work on anthropometric variation and in some way control for the limitations
of the problems of sampling, methodology, selection of characters and choice of populations
by statistical analysis. A few such studies based on published data have indicated patterns
of anthropometric variation along ethnic, geographic, latitude, longitude and altitude,
nutrition and several confounding variables. For example Basu et al. (1980) found signi-
ficant association between climate and Cephalic Index; especially higher indexes were
found among cold Himalayan and sub-Himalayan regions. In general, anthropometric
traits show significant variation with the caste hierarchy and between tribes in different
regions. Based on 82 populations and seven anthropometric traits and accounting for the
limitations of the data by statistical treatment, Majumder et al. (1990) found significant
anthropometric variation among different regional ethnic groups; however, such patterns
have not been observed across geographical regions. Further, the study also has shown
that a few anthropometric characters, especially stature and head or cranial measurements,
are sufficient to investigate the overwhelming proportion of anthropometric variation among
the Indian populations across geographical zones and ethnic categories.

Apart from anthropometric traits, studies on genetic traits and dermatoglyphic characters
have also been investigated across geographical regions among different castes and tribes.
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These studies show geographical clines (e.g. ABO blood groups, finger pattern frequency),
wide genetic diversity among tribes across regions and some unique features specific to some
castes and tribes (Roychoudhury 1983, Majumder and Mukherjee 1992, Malhotra
and Vasulu 1992, Papiha 1996). A recent study based on palmar interdigital ridge count
variation among 57 populations showed within-group homogeneity and sub-structuring
with reference to ethnic groups and geography (Reddy et al. 2004). However, in the case
of anthropometric characters such geographical patterns based on representative samples
of regional samples were hardly investigated. This is because of the paucity of such studies
and unequal representation of castes and tribes in different regions of the country.
Therefore, to investigate the influence of population substructure with respect to geography,
ethnicity, language and other such influencing variables, it is necessary to have a larger data
set consisting of samples from multitudinous castes, tribes, etc., from different regions.
Given the characteristic feature of subdivided population structure of Indian populations,
it is expected that localization of certain traits is shown in some regions and in some specific
populations in view of the isolation and high endogamy among tribes and some caste groups.
However, geographical clines or patterns are expected among some large castes, subcastes
and tribes residing in contiguous geographical regions over larger areas as per the isolation
by distance model of population structure. Thus biological diversity of Indian populations
is influenced by geography, social, ethnic and linguistic affiliation; however, the patterns
vary with respect to the type of populations and its characteristics. To investigate the above
hypothesis based on population structure of Indian populations would require comprehen-
sive samples from different regions that represent the variety of castes, tribes and other
groups. Some such limitations of lack of sufficient samples on the part of earlier studies
were partly responsible to detect inherent patterns and its influencing factors. In the present
study we have considered four anthropometric variables from populaton samples from
different parts of the country and across different regions. Comprehensive statistical analyses
have been attempted to detect spatial patterns with respect to ethnic, geographic, and linguistic
backgrounds. The data were obtained from two different sources (Singh et al. 1994, Bhasin
et al. 1994) on the anthropo-genetic variation across the regional populations of India, both
containing similar data on the same populations. Unlike previous data sources, these data
provide an opportunity to investigate the patterns of variation in a variety of traits, including
anthropometric variation, which can be fruitfully utilized for investigating the microevolu-
tionary processes. Such attempts have been recently reported with respect to head form
and climatic variation (Bharati et al. 2001). The present study considers the anthropometric
variation of the Indian subcontinent based on stature and three indices (Cephalic Index,
Nasal Index, and Total Facial Index), which are highly variable and discriminative among
populations across geographical regions. Using spatial autocorrelation analysis as well as dis-
criminant analysis, we have investigated the patterns of variatdon of these four variables on
531 populations from different regions of India with respect to the following specific popula-
tion characteristics: geographic region, climate, ethnic origins, and language. In contiguous
regional castes and with respect to linguistic backgrounds we expect that the anthropometric
variation should follow the isolation by distance model of population structure and such
patterns are not expected among tribes due to their discontinuous distribution and isolation.

Materials and methods

Among the set of well defined anthropometric characters that are used to understand the
anthropometric variations among human populations, a few characters are found to be more
discriminative than others. For example, stature (St), head length (HL), head breadth (HB),
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bizygomatic breadth (BZB) etc. can explain more than 90% of anthropometric variation
(Spielman 1973, Relethford et al. 1980, Majumder et al. 1990, Vasulu 1994). These
characters also show high heritability estimates among twins (Clark 1956) and hence are
govefned by more genetic than environmental influences. Hence, these were commonly
used for classification of human populations since the beginning of racial studies
(Boyd 1963, Caspari 2003) and so we have considered these characters for the present
study.

They are three indices and stature. The three indices are: Cephalic Index (CI), Nasal
Index (NI) and Total Facial Index (TFI). Cephalic Index is the per cent ratio of head
breadth (HB) to head length (HL), NI is the ratio of nose breadth (NB) and nose length
(NL) and TFI is the ratio between total facial height (TFH) and bizygomatic breadth.
The indices are the summary figures of anthropometric profiles of important aspects of
head and facial features and also represent variation in both size and shape components
of facial morphological variatons of significant discriminating indicators of populations.

Populations studied

The data analysed pertain to 531 populations belonging to different ethnic, linguistic,
geographical and climatic backgrounds of India. The data have been obtained from People of
India (Singh et al. 1994). This was a national project aimed to characterize the physical,
biological, linguistic and cultural diversity of multitudinous communities of the regional
populations of India. The distribution of each population with its geographic location in
terms of latitude and longitude are given in Figure 1. The data available were only on males

NORTH EAST

Figure 1. Distribution of the data set in different geographical zones of India.
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and the time period of the data was from 1879 to 1991. The detailed list of populations and
their ethnic, linguistic and climatic affiliations is separately given in the Appendix and also
available from the authors.

The anthropometric data of the samples were considered along with their geographical
location and climatic conditions and also linguistic and ethnic backgrounds and these details
of their classification for the present study are described below.

Lingusstic classtfication

The major Indian languages can be organized into four linguistic groups (Grierson 1927,
Bhasin et al. 1992). These are: (i) The Dravidian languages of the south and some tribes
of central and eastern region; (ii) the Indo-Aryan languages of the north and north-west;
(iii) Mon Khmer and the Tibeto-Burman region of the north-east and the Himalayan
region; and (iv) Austric region of the Aravalli-Vindhya-Chota Nagpur complex.

For the present study, the data were sorted according to the above classifications to their
respective caste/ethnic groups and then linked the population to its linguistic, geographical
and climatic zones. Thus, population samples could be assigned to appropriate geographical
or climatic regions. Latitude and longitude values of each geographical zone were collected
from People of India (Singh et al. 1994, Bhasin et al. 1994) and from geographic maps.

Ethnic classification

The entire published data consist of caste, tribe and other ethnic groups. Therefore, the
data were divided into four groups: (1) scheduled tribal population (ST) are supposed to be
the original stock and are confined to specific geographic locations in different parts of
the country and are least heterogeneous; (2) Scheduled Castes (SC) are also ancient
but occupies a lower position in the caste hierarchy ladder; (3) General Caste (GC),
which includes various castes and sub-castes of the Hindu society other than SC and ST;
and (4) Others (Oth.), which include some of the minority groups such as Christian,
Muslim, Chinese, Parsi, etc.

Climatic classification

Peninsular India contains a wide variety of geophysical regions which have diverse climatic
zones. Based on monthly values of temperature and precipitation as per Koppen’s method
(cited in Bhasin et al. 1992, p. 17) the country can be classified into seven climatic zones):
(1) tropical savannah (TS), (2) monsoon with a short dry season (MDS), (3) monsoon
with a dry season in the high Sun period (MSD), (4) semi-arid and steppe climate (SS),
(5) hot desert, (6) monsoon with dry winters (MDW), (7) cold humid winter with a shorter
summer (CH), and (8) Polar.

Geographical classification

The Indian subcontinent contains a variety of natural, geographic or topographical regions
such as high altitude, mountains, vast seacoast, rivers, jungles, delta and deserts, etc. with
their characteristic climates. India can be divided into seven geographical zones: North—east
zone, North zone, East zone, Central zone, West zone, South zone, and Island. These zones
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and the respective states are:

(1) North zone (N): Jammu and Kashmir, Uttar Pradesh, Himachal Pradesh, Uttranchal,
Delhi, Punjab and Hariyana.

(2) North-east zone (NE): Assam, Meghalaya, Arunachal Pradesh, Tripura, Manipur,
Mizoram, Nagaland and Sikkim.

(3) East zone (E): Bengal, Bihar, Jharkand and Orissa.

(4) Central zone (C): Madhya Pradesh and Chattisgarh.

(5) South zone (8): Andhra Pradesh, Tamil Nadu, Karnataka, Pondicherry and Kerala.

(6) West zone (W): Gujarat and Maharashtra.

(7) Island zone (IS): Andaman and Nicobar islands and Lakshadwip islands.

Statistical procedures

In order to detect the existence of any geographic pattern for anthropometric variation
we first calculated the correlation and partial correlation values of longitude and latitude
against the four variables included in the analysis,

Discriminant analysis transforms original variables into a set of factors, which are linear
combinations of independent variables that maximize the inter-group differences. This
analysis helps by reducing the dimensions of variation through which the relatonships
among the groups can be visualized in the multivariate space, and identifying the variables
that best discriminates the groups. Discriminant analyses based on ethnic, linguistic,
geography and climatic factors on the four anthropometric parameters (stature, CI, NI
and TFI), gives us an idea about the biological significance of such a priori arbitrary separa-
tion and, additionally, the pattern of group separation under each factor. Then, discriminant
function shows the trend of group variation under each factor, providing also statistical tests;
both univariate through F-ratios and multivariate through Wilk’s Lambda test, which is
one of the MANOVA approaches.

Spatial autocorrelation analysis is a statistical method that identifies geographic pat-
terning of a variable over geographical space (Cliff and Ord 1973, Sokal and Oden
1978a, b). Spatial autocorrelaton is significant when the variable under consideration
exhibits a regular pattern over geographic space in which its values at a given set of geo-
graphic locations depend on values of the same variable at other locations (Odland
1988). Therefore, spatial autocorrelation describes the pattern of variation in a sample
over a given geographic area, which is determined by the effects of evolutionary forces
such as gene flow, genetic drift and natural selection on populaton structure. It is
detected through the value of Moran’s I at each lag. The expected value of Moran’s
1 in the absence of autocorrelation is approximately 0. Values greater than Q indicate
positive autocorrelation (patterned similarity between localites), and values less than 0
indicate negative spatial autocorrelation (patterned dissimilarity between localities)
(Griffith 1987). The overall significance is assessed through a Bonferroni test (Oden
1984).

The locations were grouped into categories of specified distances called spatial lags.
The lags were so spaced that an equal number of data points contribute to the measure
of spatial autocorrelation at each lag. We used 18 distance classes, each with an interval
of 125km, because this is roughly the upper limit for marriage distance (Reddy et al.
2004). We have also considered different distances or spatial lags to investigate whether
the pattern would change; however, the results remained the same, hence we have shown
the results based on spatial lag of 125 km only.
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Temporal variation

Since the samples are drawn from different time periods, it is likely that the variables
might show temporal changes; hence we have considered the linear regression estimates
between time and the four variables. All the four variables show relatively low
correlations (0.14-0.24), although stadstically significant; Stature, Nasal Index and
Total Facial Index show negative temporal trend, whereas Cephalic Index shows positive
association. Further, we have considered stepwise regression separately for the four
variables and its influence on time, latitude and longitude and it did not show any
significant change in the strength of correlations. Although the results of ANOVA and
correlation values attain statistical significance this was more due to large sample size
since the low correlation values do not suggest a strong or significant association between
the studied variables. In view of the low influence of secular trend (time of data
collection) on the four variables, time was not considered for further analysis.

Limitations of the study

One of the main limitations of the study is that it is based on available data, which poses
problems of consistency of the data quality, interpersonal errors, and sample size and
unavailable of comparable data sets of the sampled populations at different times. These
limitations are beyond the scope of the authors and are difficult to handle. This might pose
problems in drawing inferences and significance of the results obtained. Therefore the
results obtained need to be considered with all the limitations of the data structure. Some of
the multivariate analysis attempted will help to rectify of these problems to an extent but may
not completely eliminate these drawbacks.

Results

Table I shows the geographic patterns of the anthropometric variation and their correlation
and partial correlation values with longitude and latitude. Results show that stature and TFI
increase significantly at higher latitudes. Conversely, the NI decreases markedly at high
latitudes, whereas CI shows no association with this variable.

Regarding longitude, only stature and CI present significant association with this
variable; the first variable being negative and the second one positive. Of the four
variables, stature alone shows significant association with both lattude and longitude,
although in opposite direction. Partial correlations (keeping constant latitude and

Table 1. Correlation and partial correlation values between anthropometric variables and latitude and
longitude of India.

Stature Cl NI TFI
Latitude r 0.300* —-0.019 -0.456* 0.279*
N 527 465 432 313
Longitude r -(.265*% 0.266* -0.044 0,102
N 527 465 432 313
Latitude (LON) r 0.393* ~0.086 —0.459* 0.264*
N 524 462 429 310
Longitude (LAT) r —0.360* 0.278* 0.071 0.039
N 524 462 429 310

*p < 0.01 (two-tailed).
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longitude in each separate analysis) do not differ substantially from the resuits found using
correlation analysis. This can be interpreted as both factors are acting independently.

The influence of language

Discriminant analysis was carried out for each factor separately on the four anthropometric
variables (Table II). Univariate tests show that there is significant variation among the four
language groups in stature, NI and CI (in decreasing order) and TFI shows least variation.
The results of the discriminant analysis shows that the first two canonical variables, or
discriminant functions, represent about 99.9% of the total variation (62.8% and 37.2%
for the first and second functions, respectively), the separation of groups on both vectors
being highly significant (Table II). The variables with higher scores in the first vector are
stature (negative) and NI (positive). The variation of the second vector is also mostly due to
stature and NI, but now both variables have positive weight. The plots representing the
relationships of groups by projecting the group centroids onto the first two canonical
variables are presented in Figure 2. The first canonical vector separates clearly the Austric

Table II. Discriminant functions, eigenvalues, percentage of variance explained, and chi-squared est of

heterogeneity (derived from Wilk’s Lambda) for the four factors.

Function Eigenvalue Percentage of variance  Furnction removed x° d.f. P
Language 0 145.69 12 0.000
1 0.343 62.8 1 56.22 6 0.000
2 0.204 37.2 2 0.096 2 0.954
3 0.001 0.1
Ethnicity 0 152.15 12 6.000
1 0.561 90.6 1 17.20 6 0.009
2 0.053 8.5 2 1.60 2 0.450
3 0.005 0.9
Climare 0 143.35 20 0.000
1 0.377 69.5 1 46.64 12 0.000
2 0.146 26.8 2 5.94 6 0.430
3 0.019 3.6 3 0.168 2 0.920
4 0.001 0.1
Geography 0 367.15 24 0.000
1 0.679 449 1 210.84 15 0.000
2 0.509 33.6 2 86.78 8 0.000
3 0.296 19.6 3 8.56 3  0.036
4 0.020 1.9
1
Mon-khmer
~ _ 0.5 i
Austric »
g L. , \ . Dravidian
L] L} LJ ¥ - JIF 1
IE -5 -4 -2 -1 1 2

aqle® Indo-Aryan

Function 1

Figure 2. Discriminant functions evaluated through group centroids (language).



Spatial patterns of anthropometric variation 415

speakers tribal populations, supposed to be the earliest settlers, from the rest of the groups.
The second vector separates the Indo-Aryan speakers, mostly represented by castes, from
Dravidian and Mon-Khmer populations, which cluster together. The mean percentage of
cases correctly classified in their respective group is a good estimator of the biological reality
of the grouping criteria. In this case there is 61.4% of cross-validated grouped cases correctly
classified, more than twice the percentage that one could expect by chance alone (25%).
This may be interpreted as the variables investigated (especially stature and NI) being good
discriminators for populations of different languages.

Influence of ethnic variation

Univariate tests show that there is significant variation among ethnic groups in stature,
NI and CI (in decreasing order) and TFI shows least variation. This result is similar to that
which is found in the case of language, in the previous analysis. The first two canonical
variables show 99.9% of the total variation, the separation of groups on both vectors being
highly significant, like in the previous analysis but here the first axis accumulate over 90% of
the total variation. The variables with higher scores in the first vector are stature (positive)
and NI (negative). The variation of the second vector is also mostly due to CI (positive load)
and NI (negative).

The plot representing the first two canonical variables (Figure 3) shows large separation
of four groups along the first axis, principally, which indicates wide ethnic variation in NI
and stature. The category ‘Other’ consists of some of the migrant minor ethnic community
and is heterogeneous and they are distinctly different from the other three ethnic groups.
This is mainly due to the influence of NI.

The mean per cent of cases correctly classified in their respective group is similar to the
previous analysis. Here there is 59.4% of cross-validated grouped cases correctly classified,
more than twice the value one could obtain by chance (25%). This may be also interpreted
as the variables investigated being good discriminators for groups of different ethnic origin,
with the exception of TFI.

Influence of climate

All variables show significant variation among climatic groups. Looking at the F-ratios it can
be observed that this is especially true for NI, followed by stature, Cl, and in this case also
for TFI, probably under the influence of NI. The first two canonical variables (69.5% and
26.8% of the variation) accumulate 96.3% of the total variation. The separation of groups

15 ¢+
® Others
14
05 +
™~
H sY
7 : + =
§ e GC
e -1 -0.5 0.5 1 1.5
05
Function 1

Figure 3. Discriminant functions evaluated through group centroids (ethnic).
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Figure 4. Discriminant functions evaluated through group centroids (climate). TS, tropical savannah;
MSD, monsoon with a short dry season; MDS, monsoon with a dry season in the high Sun;
SS, semi-arid and steppe; MDW, monsoon with dry winter and CH, cold humid type.
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Figure 5. Discriminant functions evaluated through group centroids (geography). N, north;
NE, north-east; E, east; C, central; S, south; W, west; and IS, island.

on both vectors is highly significant (Figure 5). As expected from the univariate results,
NI is the variable with highest load on the first vector (positive), whereas NI and TFI
show negative association with this function. The variation of the second vector is mostly
due to stature (negative load) and NI (positive).

The projection of the centroids onto a bi-dimensional plot representing the first two
canonical variables (Figure 4) reveals effect of climate on the morphology. The populations
living in cold humid winter (CH) and in monsoon with dry winters (MDW) cluster together
on the left side of the plot, denoting morphological similitude between them as well as
marked differences with populations from other climatic regions. On the other hand,
populations living in tropical (TS), semi-arid (SS) and monsoon (MSD, MDS) regions
cluster close to each other. The mean per cent of cases correctly classified in their respective
group is 43.6%. If we take into account that there are six groups here (16.67% is expected by
chance), the result can be considered even better than in previous analyses. That is, the
separation of groups based on variables investigated (especially NI) reflects a biological
fact and is not arbitrary.

Influence of geography

Univariate tests show that all variables present significant variation among geographic
groups. The descending order of F-ratios is NI, CI, TFI and stature (Figure 5). It is
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interesting to note that different variables are important for discriminating for each
factor investigated. For example, in this analysis stature is not a good discriminator whereas
climate bears significant influence on body morphology, especially in the case of NI and TFTI.

The first two canonical variables (44.9% and 33.6% of the variation) accumulate 78.5%
of the total variation, the separation of groups on both vectors being highly significant
(Figure 5). CI and NI are the variables showing the highest association with the first and
the second functions, respectively, both with positive values.

The projection of the centroids onto the first two canonical variables (Figure 5) shows
geographical pattern of morphological variation among the Indian populations. The first
vector shows the populations from the north (N) in the left and the island populations
(IS) in the right margin of the plot, reflecting the two extremes of variation in CI. At an
intermediate position, and separated by the second vector, appears the rest of the regions,
reflecting a gradient in NI values from central (C) to North eastern (NE) regions. It is
worth noting the close resemblance among populations living in southern (S) and western
(W) regions.

The mean percent of cases correctly classified in their respective group is 51.9%. If we
take into account that there are seven groups here (14.3% is expected by chance to be
well classified) this result indicates that the variables employed are excellent discriminators
for climatic groups, principally CI and NI.

Influence of time berween data sets

In order to test the extent and nature of association between time of collection of data and
the studied variable, linear regression was employed. Although statistically significant
association between time and three out of four variables were found, the proportion of
variation that can be attributed to time (expressed as the adjusted R?) is quite low
(between 0.1 and 4.5%) and therefore we do not believe that it affects the overall inferences
that we made based on our other results (Table VII). It is worth noting, however, that for
biological analysis the pattern of variation is of primary interest, and significance testing is
definitely of subordinate value (Blackith and Reyment 1971). Moreover, the variation
observed does not seem to be due to secular trend since stature actually exhibits a negative
trend; on the other hand, NI exhibits a positive trend, probably due to regional differences in
sampling along time (Figures 6-9).

STATURE
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17¢ 1

160 -

150 -
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140 i \ o Linear
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TIME

Figure 6. Temporal trend of stature.
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Figure 8. Temporal trend of NI

Aurocorrelation analysts

The pattern of geographic variation of each trait (NI, CI, St and TFI) with stature is
described by the plot of autocorrelation coefficients (correlograms) in Figures 6-9.
(Tables III-VI.) The horizontal axis indicates the geographic distance between populations
(in kilometres) and on the vertical axis is the standardized (z-score) value of Moran’s I at
each spatial lag (Figures 10-13).

The interpretation may be briefly explained as follows: (a) a spatially random distribution
result in a series of insignificant Moran’s I values at all distances. (b) A decreasing set
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Figure 9. Temporal trend of TFI.

Table IIl. Spatial autocorrelation (Moran’s I') results for NI.

Spatial lag Distance (km) Data Points No. of pairs Mean I SDofl ?
1 184.5 303 2555 0.384 0.008 0.000
2 335.2 303 2538 0.205 0.008 0.000
3 446.3 303 2587 0.074 0.008 0.000
4 627.0 303 2493 0.203 0.008 0.000
5 805.3 303 2536 —-0.046 0.007 0.000
6 945.5 303 2542 -0.141 0.008 0.000
7 1068.9 303 2544 -0.107 0.008 0.000
8 1164.2 303 2546 -0.114 0.008 0.000
9 1258.3 303 2537 -0.081 0.008 0.000
10 1358.0 303 2544 -0.062 0.008 0.000
i1 1466.4 303 2541 -0.078 0.008 0.000
12 1560.8 303 2541 0.002 0.008 0.243
13 1675.0 303 2570 0.146 0.008 0.000
14 1855.5 303 2522 0.094 0.008 0.000
15 2087.9 303 2541 -0.082 0.007 0.000
16 2316.2 303 2558 0.024 0.007 0.000
17 2546.3 303 2572 -0.226 0.007 0.000
18 4058.1 303 2486 -0.258 0.002 0.000

Overall correlogram significance (Bonferroni approximation) =0.000.

of I coefficients, from positive significant to negative significant, describes a cline.
(c) A decreasing correlogram from positive significant to insignificant at large distances is
expected for allele frequencies under isolation by distance, i.c. when genetic diversity reflects
only genetic drift and short-range gene flow.

Although differences exist among variables, all four correlograms departed significantly
from randomness and share some common features. First, almost all the I value are statis-
tically significant, denoting high geographical structure. Second, spatial auto-correlation is
generally positive and significant for the four variables at low distances. Third, beyond
2200km the four variables exhibit negative values and are statistically significant,
At intermediate distances the interpretation is not so easy and there are some differences
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Table IV. Spatial autocorrelation (Moran’s I) results for CI.

Spatial lag Distance (km) Data Points No. of pairs Mean SDof I P
1 186.6 314 2738 0.114 0.007 0.000
2 336.4 314 2722 0.115 0.007 0.000
3 446.2 314 2735 0.043 0.007 0.000
-4 619.0 314 2728 0.027 0.007 0.000
5 787.4 314 2736 0.026 0.007 0.000
6 927.4 314 2728 -0.007 0.007 0.315
7 1051.4 314 2772 -0.054 0.007 0.000
8 1149.6 314 2691 -0.040 0.007 0.000
9 1240,5 314 2726 —0.029 0.007 0.000
10 1344.8 314 2739 -0.082 0.007 0.0060
11 1451.5 314 2717 —0.036 0.007 0.000
12 1546.9 314 2730 -0.066 0.007 0.000
13 1666.1 314 2751 -0.002 0.007 0.420
14 1831.5 314 2710 -0.004 0.007 0.478
15 20517.5 314 2730 —0.036 0.007 0.000
16 2281.9 314 2727 0.106 0.007 0.000
17 2534.8 314 2737 0.000 0.007 0.303
18 4058.1 314 2724 —0.133 0.007 0.000

Overall correlogram significance (Bonferroni approximation) = 0.000.

Table V. Spatial autocorrelation (Moran’s I) results for stature.

Spatial lag Distance (km) Data Points No. of pairs Mean 1 SDof I P
| 203.3 358 3555 0.175 0.006 0.000
2 348.0 358 3549 —0.024 0.006 0.000
3 475.5 358 3569 0.092 0.006 0.000
4 654.4 358 3528 0.047 0.007 0.000
5 818.0 358 3557 0.066 0.007 0.000
6 950.2 358 3550 —0.030 0.006 0.000
7 1067.9 358 3558 0.050 0.006 0.000
8 1164.2 358 3554 —-0.029 0.006 0.000
9 1258.2 358 3532 —0.024 0.006 0.000
10 1352.7 358 3552 —0.034 0.006 0.000
11 1455.5 358 3548 —0.042 0.006 0.000
12 1550.5 358 3552 =0.002 0.006 0.440
13 1661.6 358 3550 —0.018 0.006 0.005
14 1803.8 358 3552 0.131 0.007 0.000
15 2022.9 358 3560 -0.142 0.006 0.000
16 2263.6 358 3537 —0.082 0.007 0.000
17 2520.7 358 3568 —0.091 0.007 0.000
18 4058.1 358 3532 —0.096 0.009 0.000

Qverall correlogram significance (Bonferroni approximation) = 0.000.

of behaviour for each individual variable. In synthesis, all the variables show a gradient
spanning over India (i.e. a clinal pattern). This pattern is much more evident for NI.

Discussion

There are three major factors that are attributed to the vast diversity of human populations in
Indian subcontinent: geography, historical migration, and social structure. A variety of
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Table V1. Spatial autocorrelation (Moran’s I) results for TFI,

Spatial lag Distance (km) Data Points No. of pairs Mean I SDof I ?
1 186.6 312 2741 0.164 0.009 0.000
2 325.6 312 2658 0.137 0.009 0.000
3 444.3 312 2731 —0.033 0.008 0.000
4 566.9 312 2657 0.039 0.009 0.000
5 715.6 312 2689 —0.004 0.008 0.469
6 841.1 312 2697 0.020 0.008 0.003
7 955.6 312 2719 0.010 0.009 0.064
8 1069.9 312 2700 -0.060 0.009 0.000
9 1171.3 312 2698 0.064 0.009 0.0600
10 1274.4 312 2663 =0.099 0.009 0.000
11 1370.2 312 2702 0.06% 0.009 0.000
12 14735 312 2691 -0.050 0.009 0.000
13 1569.9 312 2737 0.007 0.009 0.120
14 1677.4 312 2653 =0.048 0.009 0.000
15 1859.6 312 2703 -0.073 0.008 0.000
16 2074.3 312 2693 -0.105 0.008 0.000
17 2325.6 312 2701 —-0.066 0.007 0.000
18 4058.1 312 2683 -0.032 0.000 0.000

QOwerall correlogram significance (Bonferroni approximation) = 0.000.

Table VII. Regression values of the four anthropometric variables with time®.

Variable R R Adjusted R® F

Stature 0.113 0.013 0.011 0.009
NI 0.212 0.045 0.043 0.000
TFI 0.157 0.025 0.021 0.006
Cl 0.059 0.003 0.001 0.205

*Predictors: (Constant), Time.

natural, geophysical, or topographical regions (with highest mountain ranges, rivers, delta
region, vast plateausx, sea-coast, deep jungles) are conducive not only to the rich biodiversity
but also for the human settlements. These geophysical settings have acted as durable
protective mechanisms and communication barriers for the settlement of several historical
migrations of diverse ethnic communities that sustained to exist since prehistoric times.
This has lead to the unique stratified population structure consisting of thousands of
communities of castes, subcastes, tribes characterized by endogamy, culture and a variety of
subsistence practices, dialects, kinship pattern, a variety of food habits, customs and health
practices, etc. (Malhotra and Vasulu 1992, Singh et al. 1994). The castes are large groups
spread over contiguous geographical regions and practice endogamy with short marital
distance. This population structure is akin to the isolation by distance model and, in the
absence of other influencing factors, this should show geographic clines in some of
the anthropological and genetic characters.

Apart from a variety of tribes spread widely in different parts of the country, the caste
system is ubiquitous and a typical characteristic of the majority of Indian populations;
however, they are localized groups and are geographically structured and show wide
differences in socio-cultural and linguistic factors. The discontinuous distribution and
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small population size of the majority of the tribes indicate that their genetic fate is guided by
genetic drift and show unique frequencies of genetic characters and absence of
geographic clines. Both the tribal and caste distribution have a strong bearing in the
making of biological diversity of Indian populations, but how exactly that is reflected, and
the extent and the magnitude and patterns of variation are the subject of investigation
among anthropologists, human biologists and population geneticists. The above expectation

or the hypothesis is supported by the results obtained by discriminant and autospatial
correlation analysis.,
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The result of this study reflects the geographic structuring of anthropometric variation.
The northern region and, to an extent, the southern region, shows taller stature, broad
facial index and longer nose, whereas in the eastern region the people are of comparatively
short stature and broad headed. The opposite picture is seen in the western region. The
results of the discriminant analysis further clarify the pattern of anthropometric variation
with regard to linguistic, geographic, ethnic and climatic factors.

Of the four variables used to discriminate Indian populations—based on linguistic, ethnic,
climatic and geographic factors-—stature ranked first and then NI and CI shared more or
less equal weighting with each other. But in the case of geographical impact, the order
of discriminator was NI, CI, TFI and stature. The discriminant analysis for each of the
four variables—language, ethnicity, climate and geography—shows variaton in facial
morphology and cluster together with respect to the above four factors.
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The spatial autocorrelation analysis performed reflected the influence of population
structure on the geographic patterning of anthropometric variation. This is expected
in view of the regional endogamy, resulting in localization of gene pools, thus conserving
the local biological diversity. This should be reflected in the discriminant analysis. The ana-
lysis denotes significant positive autocorrelation at low-order distances and significant nega-
tive correlation at higher distance. The positive values at low-order distances are what are
expected because of the endogamous nature of the populations. Intermediate distance
results of the analysis suggests some random pattern, possibly owing to the migration and
admixrture relative to the effect of endogamy. In the case of long-distance differentiation,
negative autocorrelation reflects clinal patterns and this is expected from the isclation by
distance model of population genetic theory in the case of migrations, where distance
populations are expected to show greater diversity than the nearby populations due to
localization of the gene pool. The results also indicate east-west or north-south gradients
(clinal pattern) of biological variation with respect to stature, CI, NI and TFI. This is in
accordance with the regional variation observed in the anthropometric variation in
the earlier studies. Thus, the spatial autocorrelation analysis reflects the biological pattern
inherent in the population with diverse historical migration and settlement patterns in
different regions. The pattern might change with different lag distance values. We have
considered 125km as the upper limit of marital distance as the cut-off point for seeing
the geographical patterns of the four anthropometric traits considered. An alternative
analysis based on mode or average marital distance would possibly be more desirable and
might reflect different patterns. This is because marital distribution of tribal and most of
the caste (with the exception of Brahmin) populatons in general shows a characteristic pat-
tern of leptokurtic and skewed distribution (Majumder 1977, Malhotra 1980), and as such
the upper limit of 125km distance may not be realistic in the majority of populations in
India. The mode or the mean value or some other distance value that satisfies the population
structure criteria might show better clarity of geographical patterns or clines. Therefore,
accordingly, we have also tested different distance classes criteria (for example, equal
number of populations in each lag, or equal distance interval along the whole space), and
all the results show the same pattern, which indicates that the pattern is quite robust.
This suggests that the variation in marital distance has little effect on the spatial pattern
of the studied variables.

The results further reinforce the observations made in some previous regional and national
anthropometric studies with regard to ethnic and linguistic criteria. For example, in the case
of regional studies on anthropometric variation, Mahalonobis et al. (1949), Karve and
Malhotra (1968) and Malhotra et al. (1981) in northern, western and southern regions
observed variation of stature along the caste hierarchy. However, such differences with respect
to caste hierarchy were least observed in the Bengal anthropometric survey (Majumdar
and Rao 1960). Such variance in results observed in Bengal is attributed to the population
structure governing marriage regulations and recent migrational history of the populations.
In this sense the regional studies are important, so as to detect local patterns and its influen-
cing factors, which might get masked at a national-level study across regions.

There is a dearth of well designed studies on anthropometric variation at the national
level. The results of the study support some of the findings by the previous works. For exam-
ple, Majumder et al. (based on well designed statistical analysis) have found significant
differences in anthropometric profiles across geographical zones and ethnic categories
but no clinal patterns in head length, head breadth, bizygomatic breadth and stature.
Similar results of association between climate, geography and anthropometric variation
was also observed by Bhasin et al. (1994). In a recent study, Bharati et al. (2001) observed
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significant association between CI and stature with ethnicity and climate. The above studies
imply geographical clines with respect to anthropometric traits across the caste hierarchy or
ethnicity among the Indian populations. North et al. (1999), Sokal and Friedlaender (1982)
and Sokal et al. (1989a, b) have studied spadal autocorrelation in European populations;
however, in the Indian context, this is perhaps the first direct study based on spatal auto-
correlation of anthropometric' variation with respect to ethnic and linguistic criteria.
Recently, spatial studies in dermatoglyphic variation have been reported by Reddy et-al.
(2004). This study also showed similar spatial patterns in palmar dermatoglyphic traits
(ridge count variation) with respect to geography and ethnicity.

Although there is greater emphasis given to the genomic data for investigating the
micro-evolutionary pattern (Canng 2003), the results based on classical morphological
traits and classical genetic traits should help in further understanding the mechanism of var-
iation of the vast biological diversity of Indian populations. The findings of the study should
help in further clarification and interpretation of research work in genomic analysis, espe-
cially with respect to genetic epidemiological profiles of health and disease.
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Spatial patterns of anth
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Spatial patterns of anthropometric variation
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Résumé. Arriere plan: La variation anthropométrique peut étre utilisée avec bénéfice pour
’analyse de processus microévolutifs. Les variations anthropométriques du sous-continent
indien, fondées sur la stature et trois indices (indice céphalique, indice nasal et indice facial
total), sont extrémement prononcées et discriminent les populations selon les régions
géographiques.

But: Les variations anthropométriques de la stature, des indices céphalique (IC), nasal (IN)
et facial total (IFT) sont étudiées dans I’ensemble du sous-continent indien, en relation avec
les affiliations ethniques, linguistiques et religieuses.

Sujets et methodes: Les données publiées sur 531 populatons indiennes, ont été soumises a
Panalyse discriminante et 2 une analyse d’autocorrélation spatiale.

Résulrars: 1’analyse discriminante de quatre variables anthropométriques indique que la
stature et ’IN sont de bons discriminateurs de populations de langues différentes. La
stature, I’IN et I'IC discriminent bien les populations d’origines ethniques distinctes ainsi
que les conditions climatiques des différentes régions. L’IFT n’est pas un bon discriminant
de populations d’atributs ethniques, linguistiques et climatiques variés. L’autocorrélation
spatiale indique des écarts significatifs a une distribution au hasard qui suggérent une
structure géographique. L’estimation I de Moran est positive et statistiquement significative
pour les quatre variables et pour de faibles distances, mais présente des associations
significatives négatives pour des distances plus élevées.

Conclusion: Les résultats suggerent 'existence de gradients géographiques pour les quatre
variables anthropométriques et indiquent ’'influence de la structure de la population sur les
variables étudiées.

Zusammenfassung. Hintergrund: Anthropometrische Variaton kann fruchtbringend
verwendet werden, um mikroevolutiondre Prozesse zu untersuchen. Anthropometrische
Variationen auf dem Indischen Subkontinent, die auf Kérperhéhe und drei Indizes basieren
(auf cephalischem Index, nasalem Index und totalem Gesichtsindex), sind sehr variabel und
unterscheiden zwischen Volkern verschiedener geographischer Regionen.

Ziel: Es wurde die anthropometrische Variation von Kérperhéhe, cephalischem Index (CI),
nasalern Index (NI) und totalem Gesichtsindex (Total Facial Index, TFI) hinsichtlich
ethnischer, linguistischer, geographischer und klimatischer Aspekte auf dem Indischen
Subkontinent untersucht.

Probanden und Methoden: Verdffentlichte Daten betreffend anthropometrische Varigtionen
von 531 Populationen des Indischen Subkontinents wurden mit Diskriminantenanalyse und
riumlicher Autokorrelationsanalyse untersucht.

Ergebnisse: Die Diskriminantenanalyse der vier anthropometrischen Variablen zeigt, dass
Kérperhohe und NI gute Unterscheidungskriterien fiir Populationen mit unterschiedlichen
Sprachen sind. Korperhohe, NI und CI unterscheiden gut zwischen Populationen
unterschiedlicher ethnischer Herkunft unterschiedlicher klimatischer Bedingungen aus
verschiedenen Regionen. TFI ist kein gutes Unterscheidungskriterium fiir Populationen
unterschiedlicher ethnischer, linguistischer und klimatischer Herkunfi. Rdumliche
Autokorrelationsanalysen zeigten eine signifikante Abweichung von Zufallsmustern, was
auf besondere geographische Strukturierung hinweist. Die Moran’s I Schitzung ist positiv
und auf kleine Entfernung fiir die vier Variablen statistisch signifikant, aber zeigt bei
grofieren Werten eine signifikante negative Beziehung.

Zusammenfassung: Die Ergebnisse legen geographische Abhéngigkeiten fiir die vier Variablen
nahe und zeigen den Einfluss der Bevélkerungsstruktur auf die untersuchten Variablen.
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Resumen. Antecedentes: La variacién antropométrica puede utilizarse provechosamente
para investigar sobre procesos microevolutivos. En el subcontinente Indio, las variaciones
antropométricas de la estatura y tres indices (indice cefélico, indice nasal e indice facial
total) son altamente variables y discriminantes entre poblaciones a traves de diferentes
regiones geograficas.

Objerivos: Se investigd la variacion antropomeétrica de la estatura, el indice cefalico (IC), el
indice nasal (IN) y el indice facial total (IFT) respecto a la filiacion étnica, linglistica,
geografica y climatica, a través del subcontinente Indio.

Sujetos y Métodos: Se analizaron los datos publicados sobre las variaciones antropométricas
de 531 poblaciones del subcontinente Indio, utilizando un analisis discriminante y un
analisis de autocorrelacion espacial.

Resultados: El analisis discriminante de las cuatro variables antropométricas muestra que la
estatura y el IN son buenos discriminantes para las poblaciones de lenguas diferentes. La
estatura, el IN y el IC discriminan bien entre poblaciones de distinto origen ético y
condiciones climaticas diversas, en diferentes regiones. El IFT no es un buen discriminante
entre poblaciones con atributos étnicos, lingiiisticos v climaticos diversos. El analisis de
autocorrelacion espacial mostré una separacion significativa del azar, lo que sugiere una
estructuracién geografica. ILa estimacion del indice I de Moran es positiva y
estadisticamente significativa en las cuatro variables a cortas distancias, pero muestra una
asociacion negativa y significativa a valores mads altos.

Conclusion: Los resultados sugieren la existencia de clinas geogrificas para las cuatro
variables antropométricas e indican la influencia de la estructura poblacional sobre las
variables estudiadas.
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