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Abstract

Background. Anthropametric variation can be foitfully utlized to investigate microevolutionary
proceeses. Anihropometric vaniadons in the Indian subconthent based on starure and three indices
{Cephalic Index, Nasal Index, snd Totzl Facial Index) are highly vaniable and discriminative among
populations across geogtaphical regions.

Aims: Anthropemetric vatiation in stuture, Cephalic Index (CI), Nasal Index (NT) and Total Facial
Index (TFI) were investgated wich respect ro ethnic, linguistc, geographical and climaric affiliadon,
across the indian subcontinent.

Subfecis awd mechods: Puoblished data on anthropomemic variations of 531 populations from
the Indian subcentinent were analysed using discriminant analysis and spetial autocorrelation analysis.
Requalre: Discriminant analysis of che four anthropomewric variables shoses thar stamre and NI are good
discriminntors for populations of different languages. Srature, NI and CI discriminate well among
populations of diverse ethnic orgin and climaric conditions in different regions. TFI i3 not a good
discriminarer for populatiens of diverse ethnic, linguistic and climatic atibutes. Spatial aurocorrela-
Hoir analysis showed significant departure from randomness, suggesting geographic structuring.
The Moran’s F estimare is positive and scatistically significant for the four varables at low distances
bur exhibits significant negative association at higher values.

Conciusion: The results suggest geographical clines for the four anthropotnetric variables and indicare
the influence of populadon structure on the studied vanables,
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Iniroducten

Indin is characterized by a wide diversity of populations, which consists of several
endogamous groups of varying size and disrribution. This i atribgted to the settlemnent of
a variety of populatons since pechigtoric times (Thapar 1966, Kennedy 2000, Misra 2001,
geographical isotation, cultural and linguistic barriers and the unigue secio-cultural milicu
that maintains group endogamy and subdivided populanon structure among multitmdinogs
communitics (Karve 1961, Singh 19%4a, b). A recent estimate soggest that there are at least
4635 communities comprising castes, subcasres and tribes of diverse ethmic, linguistc,
religious and cultural stocks 1 different geographical repions of the country (Singh et al.
1904}, ‘This swratifiedd population strucmure and the nature of this vast diversity is of interest
to anthrepologists, human biologists and population geneticizis to investigate the exlent
and nature of biological diversity, the factors ther maintain the diveesity and it
microcvolutionary process.

Morphological fearures have become the subjeer of inguiry for classication or for
investgating the affinity between popuolations, The racial classification by Risley (19157,
Guhs {193%), and others were the carly attempts to classify the diversity of Indian popula-
tions. This was followed by some regional anthropometric studies among tegional castes and
tribes. Althouph these stadies were based on different seis of characters and followed a
varniety of methods they revealed enommous variaticn between the castes and tobes in differ-
ent regions {Mahalonobis et al. 1949, Majumdar and Sen 1950, Karve and Dandekar 1951,
Majumdar and Rago 19560, Ganguly 1979, Malhotra et al. 1981). Some of the interesring
findings of the above studies are insignificant anthropometric variation among subeasios
and between upper or lower ranked castes in the same region. The tribal populstions
showed distinct differences from castes and show wide geographical variaton, which is
¢xpected in view of their isolation and distribution in different parts of the country.

The earlier studies on anthropometric varation are limired re some specific reglons
anid arnong a few selected populatans. In this regard, it 1s interesting to nvestigute whether
geographical sub-structuring of anthropometric vamation across different castes and tribes
can be observed across the country. However, such comprehensive sudy of anthropometric
variation across different regions is hirde investigated, possibly because of the prucucal
difficultics of handling such national-level projects. One approach is to use the comprilations
of published work on anthropomertic varation and in some way control for the limitations
of the prablems of sampling, methodalagy, selection of characters and cheice of populations
by statistical analysis, A fow such studies based vn published data have indicated patterns
of anthropometric vatiation elong ethnic, geographic, latitude, longitade and altitade,
murtrinon and several confounding variables, Tor example Basu et al. (1980} found signi-
ficanr association between climare and Cephalic Index; especially bigher indexes were
found mmong cold Himalayan and sub-Hitnalayan regions. In general, anthropometnc
raits show significant variadon with the caste hierarchy and between mribes i different
regions. Based on 82 populations and seven anthropometric traits and accounring for the
limitations of the data by statistical wearment, Majumder et al. (1990) found significant
anthropometric vanation among different regional ethmic groups; however, auch patterns
have not been observed across geographical regions. Further, the study also has shown
thar 2 few anthropometric characters, especially stature :nd head or cranial measurements,
are sufficient (o investigate the overwhelming proportion of anthropometinge variation among
the Indian pomulations across peographical zones and edhnic categories.

Apart fiom apthropometric traits, stadies on genetic traits and dermatoglyphic charucters
have also been investigated across peographical regions among different castes and Lribes.
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These studies show geographical clines (e.g. ABO bload groups, finger pattern frequency),
wide genetic diversity among 1ribes across regions and some unigque fearuires 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
vanation among 57 populations showed within-group homogeneity and sub-structuring
with reference to ethnic groups and geography (Reddy at al. 2004). However, in the case
of anthropometric characters such geographical patterns based on representative semples
of regional samples were hardly investigated. This is because of the paucity of such studies
and unequal representation of castes and wibes in different regions of the coumntr,
Therefore, to investigate the influence of population substructure with respect 1o geography,
ethmicity, language and other such influencing variables, it is necessary 1o have a larger data
set consisting of samples fram multitudinous castes, mibes, eic., from different regions.
Givent the characteristic fearure of subdivided population structure of Indian pepulativns,
it is expected that localization of certain rraits is shown in scine regions and in some specific
populations in view of the isolation and high endogamy among tribes and some caste groups,
However, gengraphical clines or patterns are expecred among some large castes, subcastes
and tribes residing in contguous geographical regions over larger areas as per the isolation
by distance model of population stmicture. Thus biotogical diversity of Indian populations
i influenced by geography, social, athnic and linguistic affiliation; however, the puatterns
vary with respect to the type of populations and its characrerisrics. To investigate the above
hypothesis based on population soructure of Tndfan populations would reqoire comprehen-
sive samples from different regions that represent the variery of castes, mibes and other
groups. Some such bmitations of lack of sufficient samples on the part of caclier studies
were partly responsible to detect inherent patterns and its influencing factors. In the present
study we have considered four amhropometric variables from population samples from
different parts of the country and across differcnt regions. Comprehensive statistical analyses
have been sttempted to detect spatial patierns 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 anthrepo-genetic varigtion across the regional populations of India, both
containing similar data on the same populations. Unlike previous data sources, these datg
provide an opportunity to investigate the patterns of vararion i1 a variety of raits, including
anthropometric variaoen, which can be fruitfully udlized for invesiigating the micrnevolu-
tenary processes, Such amempls have been recentdy reported with respect to head form
und climatic vuriation (Bharat et al. 2001). The preseni study considers the anthropomerric
variation of the Indian subcontinent based on stature and three indices (Cephalic Index,
Nasal Index, and Total Facial Index), which are highly varable and disctiminative among
populations across geographical regions. Using spatial autacorrelation anzivsis as well as dis-
criminant analysis, we have investigared the patterns of variatton of these four vanables on
531 populadons from differenrt regions of Indiz with respect to the following specific popuia-
tion characteristics: geographic region, chmate, ethnic origins, and language. Fa contiguous
regional castes and with regpect 10 linguisiic backgrounds we expect that the anthropometric
variation should follow the isolation by distance mode! of population structure and such
patterns are not expected among mibes due 1o their discontinuous dismiburion and isalaton.

Materials and methods

Among the set of well defined anthropometric characters that are used 10 nnderstand the
anthropometric variations among human populations, a few characiers are found to be maore
discriminative than others. For cxample, 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 ¢t al. 1980, Majumder et al. 1990, Vasuha 19%4), These
characters aiso show high heritahility estimates among twins (Clark 1954) and hence are
guvefncd by more gepetc than environmental influences. Hence, these were commanly
used for classification of human populatons snce the beginning of racial stodies
(Boyd 1963, Caspari 2003) and sc we have considered these characters for the present
sracly.

‘They are three indices and stature, The three indices are: Cephalic Index (CI), Masal
Index (NI) and Toral Facial Index (TFI). Cephalic Index ie the pesr cent rato of head
breadth (HB) to head length (L}, NI is the ratio of nose breadith (NB) and nose length
{ML) and TFI iz the ratic berween total facial height (TFH) and bizygomatc breadth.
The indices are the summary figures of anthropomerric profiles of important aspects of
head and facial features and also represent variation in both size and shape components
of facial morpholegical variations of significant discriminating indicarors of populatiens.

Populagions studied

The data analysed pertain to 531 populatfions belonging ta different ethnic, linguistic,
geographical and clomatic backgrounds of India, The duta have been obtamed from Peopls of
India (Singh et al. 1994}, This was a national project w2med to charactenize the physical,
biological, linguistic and cultural diversity of multudinous communities of the regional
populations of India, The distribution of each population with its geogmphic focaton in
rermes of latitude and longitude are given in Figure 1. The dara available were only on males

MORTH EAST

Figure 1. Dismibution of the data set in different gecgraphical zones of India.
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and the time period of the datg was from 1879 10 1991, The demiled 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 thetr geographical
location and climatic conditions and also linguistic and ethnic backgrounds and these details
of their classification for the present study are described below.

Linguistic classification

The major Indian languages can be organized into four Hnguistc groups (Grierson 1927,
Bhasin er al. 1992). These are: {i) The Dravidizn lanpuages of the south and some tribes
of central and aastern 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 (v) Austric region of the Aravalli-Vindhya-Chota Nagpur complex.

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

Ethnic dassificanion

The enrre published data consist of caste, tnbe and other ethmic groups. Therefore, the
dara were divided into four groups: (1) scheduled tmihal populatiorn (ST are suppased o be
the ongmal stock and arc confined to specific geographic locatons in different parts of
the country and are least heterogencous; (2) Scheduled Castes (SC) wre also ancient
but occupies a lower position i the caste hierarchy ladder; (3} General Caste {(GC),
which includes varions castes and sub-castes of the Hindu society other than SC and ST

and (4} Odhers (Ohb), which include some of the minority groups such as Christan,
Musiim, Chinese, Parsi, etc.

Climiaic dassification

Peninsular Indie contains a wide vaciety of peophysical regions which have diverse climatic
zones, Based on monthly values of temperarure and precipitaton as per Koppen's method
{cited in Bhasin et al. 1992, p. 17) the country can be classified inio seven climatic zones):
{1) wopical savannah {TS), (X} monsoon with a short dry sesson (MDS), (3} monsoon
with a dry season in the high Sun period (MSDY), (4) semi-arid and steppe chmate (85),
(5% hot desert, {6) monsoon with dry winters (MD)W, {7} cold humid winver with a shorter
stznmer (CH), and (8) Polar.

Geographical classification

The Indian subcontinent conisins u variety ol naturul, geographic or topographical regions
such as high altitude, mountains, vast seacoast, rivers, jungles, delta and deseits, etc. with
their characteristc climates. India can be divided into seven geographical zones: North—east
zone, North zone, East zone, Central zone, Wesr zone, South zone, and island. These zones
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and the respective states are:

{1} North zone (N): Jammu and Kashmir, Urtar Pradesh, Himachal Pradesh, Unranchal,
Delhi, Punjab and Hariyana.

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

(3) Easar zone (EY; Bengal, Bihar, Jharkand and Orissa.

(4} Central zone (C): Madhya Pradesh and Chatusgach.

{5} South zone (8): Andhta 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 1o detect the exisience of any geographic pattern for anthropomertric varistion
we first calculated the correlation and parnal correlation values of tongitude and latmde
against the four variables included in the analysis.

Discriminant analysis transforms original varizbles into a set of factors, which are linear
combinagons of independent variables thar maximize the inter-group differcnces. This
analysis helps by reducing the dimensions of varation rhrough which the relationships
among the groups can be visuzlized in the multivariate space, and identifving the variables
that best discriminates the groups. Discriminant analyses bused on ethnic, linguistc,
geography and climabc factors oo Lthe four anthropometric parameters fstature, CI, NI
and TFI), pives us an idea about the biological significance of snch 4 prier arbitcary separa-
ton and, additienally, the pattern of group separation under each factor. Then, discoiminant
function shows the trend of group variation under each factor, providing also statistical tests;
both univariate through Foratios and multivariate through Wilk’s Lambda test, which is
one of the MANQOWVA appraaches,

Spatial autacerrelation analysis is a statistdcal method that identfies geographic pat-
teming of a variable aver geographical space (ClLff and Or! 1973, Sokal and (den
1678a, b). Spatial autocorreladon is significant when the variable under consideration
exhibits a ragular pattern over geographic space in which irs values at a given ser af geo-
graphic locatons depend on values of the same variable ar other locations (Odland
1988). Therefore, spatial aurogorrelation describes the pattern of verdabon in a sample
0ver & given geographic area, which is determined by the effects of evolutionary forces
such as pene flow, genctic drifi and namural selection on populstion strucmure. Tt is
detecied ehrough the value of Morun’s [ at each lag. The expected velue of Moran’s
I in the absence of auwocorrelation is approximately 0. Values greater than O indicate
positive autacerrelation {patterned similarity between localities), and valugs less then 0
indicate neganve spadal autocorrelation {patlerned dissimilatity berween localities)
(Griffith 1987). The vverall significance is assessed through a Bonferromi test (Oden
1984).

The locatons were grouped into categories of specified distances called spada! lags,
The lags were so spaced that an equal number of data poinis contribuie to the measure
of spatial autocorrelation at each lag. We used 15 distance classes, each with an interval
of 125km, because this is roughly the upper limit for marriage distance {Reddy et al.
2004). We have alse considered different distances or spatial lags o invesrigate whether
the partern would change; however, the results remained the same, hence we have shown
the results bared an spattal lag of 125 km only.
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Temporal variation

Since the samples are dravn from different time periods, it is likely that the varizbles
might show tempotal changes; hence we have considered the linear regression estimates
berween time and the four variables. All the four variables show reladvely low
cortelaions (0.14-0.24), although statistically sipnificans Stature, Nasal Index and
Totzl Facial Index show negative temporal trend, whereas Cephalic Index shows positive
association. Further, we have considered stepwise regression separarely for the four
variables and is influence on dme, latitude and longitude and it did pot show any
significant change in the strength of correladons. Although the results of ANOVA and
correlation values attan statisscal significance this was mare due to large sample size
since the low correlation values do not suggest a sorong ar sighificant association between
the studied varizbles. In view of the low influence of secular trend (pme of data
collection) on the four vamables, dme was not considered for further analysis.

Limttations of the study

One of the main limitatong of the study s 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
limnitatons are beyond the scope of the authars and are difficulc to handle. This might pose
problemss in drawing inferences and sigmficance of the results obtained. Therefore the
results obrined 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
neot completely eliminate these drawbacks.

Results

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

Regarditig longiwude, oply stamure and CI present significant aszociation with this
variable; the first variable being negatve and the second one positive. Of the four
variables, stature alone shows significant association with both latitude and longitude,
although in opposite direction. Partal correlations (keeping constent latitude and

Table T. Correlaton and paroal correlation velues between anthropometre varables and latitnde and
longitde of lidia.

P —_— ——

Sratimi Cl NI TF]
Larirude ¥ 0300 —0.019 -~ A56* 0,279~
N 5327 ) 332 313
Lonygituds r —0.265*% 0. 266% —.044 a2
N 527 465 432 ]
Laritude [LOMN) r 0393 -0.086 —0 A 0 264*
N Rid 362 429 3o
Longiude (LAT; r 0. 360% n.27R* 0,071 0339
N 524 4532 429 310

I e — ——

o < 001 fiwo-talled).
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loagitude in each separate analysis} do not differ substantally from the results found using
correlation analysis. This can be interpreted as both factors are acting independently.

The influence of lanpuage

Discriminant analysis was cartied oue for each factor separately on the four anthropometric
variables {Table IT). Univariate tests show that there is significant variation among the four
language groups in stature, NI and CI (an dacreasing order) and TFI shows least variadon.
The results of the discriminant analysis shows that the fitst two canonical variables, or
discriminant functions, represent about 99.9% of the total vamanon (62.8% and 37.2%
for the first and second funcions, respectively), the separatdon of groups on both vectors
belng kighly significant (Table IT). The variables with higher scates in the first vector are
stature (negative) and NI (positive). The varaton of the second vector is also mostly dus wo
stature and NI, but now both variables have positive weight. The plais representing the
relajonships of groups by profecting the group centroids onito the first twe canonical
variables are presented m Figure 2. The first canonical vector separates clearly the Austric

Toble II. Ifiscriminant funchons, efgenvalues, percentage of variance explained, and chi-sgusped [ost of
becerogenciry (derived from Wilk™s Lambda) for the four factors.

Fonctoon Egemvalue  Percenimge of vartence  Fundtion emowsd ¥ df. F
Language J 145 &8 12 ﬂﬂﬂ_ﬂ
1 0.343 628 L 56.22 L] J.000
2 0204 372 2 0.096 2 0.9%
3 0.001 0.1
Ethniciry a 152,15 12 Q.00
1 0.561 D05 l 17.20 ¢ 0.000
2 0.053 as 2 1.60 2 {450
3 3,005 0.9
Climmare G 143,35 20 0.0
1 0.377 605 1 46.64 12 Q.00
2 0.146 268 2 5.5 G 0430
3 0.01% G 3 0. 168 2 49
4 0.001 0.1
Geagraphy 0 .05 24 000D
i 2.679 449 | 210.84 13 0000
2 0.509 330 2 B0, 78 8 D00
3 R2946 19.6 3 a.56 I XL
4 0.020 1.9
1
Hurr.hrhnar
as
T umtic y
2 . \ . Dravigfian
3 $ 0 _—
. 0.5
-1 L * Indo-Aryan
Fur-tien 1

Figure 2. Discraminant functions evaluaied through group centroids (language).
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speakers tribal populations, supposed to be the earkiest settlers, from the rest of the Eroups.
The second vector separates the Indo-Aryan speakers, mostly represented by castes, from
Dravidian and Mon-Khmer populations, which cluster rogether. The mean percentage of
cases carrectly classified in their respective group is a good estmaror 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 thar one could expect by chance alone (25%).
This may be interpreted as the varizbles investigated (especially stature and NI) being good
disctiminaters for populations of different languages.

Influetice of ethmic variation

Univariate tests show that there 3§ significant variation among ethnic groups in stature,
NI and CI (in decreasing order) and TFI shows least variation. This resuir is similar to that
which is found in the case of language, in the previcus analysis, The first two canonical
variables show 99.9% of the votal variation, the separstion of groups on both vectors being
highly significant, like in the previous analysis but here the First axis accumulate over 90% of
the total variatdon. The variabies with higher scores in the first vactor are stature {positive)
and NI (negative). The variation of the second vector is also mosty due wa CI (positive load)
and NI (negative).

The plat represenring the first two canonical variables (Figure 3) shows large separstion
of four groups along the firse axis, principally, which indicates wide ethnic variation in MI
and statare, The category *Other’ consists of some of the migtant minor ethnic community
and is heterogencous and they are distncty different ffom the other three ethnic groups.
This is mainly due ra the influence of NL

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

Influerice of climate

All variables show significant variarion among climatic groups. Looking ar the F-rados it can
be observed that this is especially rue for NI, followed by stature, Cl, and in this case also
for TFL, probably under the influence of NI. The first two canenical variables (69.5% and
26.8% of the variation) accumulate 96.3% of the total variatgon. The separation of groups
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Figure 4. Discriminant functions evaluared through group cantroids {climate), TS, tropical savannah;
MSD, monseon with a short dry season; MDS, monsoon with a dry season in the high Sun;
58, semi-arid 1nd steppe; MDW, monsoon with dry winrer and CH, cold humid gype.
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Figure 5. Discriminaat functions evaluaced throwgh group cenmoids {geopraphy)l. N, north;
ME, north-east; B, cast; €, cenal; 5, south; W, west; and 15, island.

on both vectors is highly significant (Figure 3). As expected from the univariaie results,
NI i the vanable with highest load on the first vector (positive), whereas NI and TFI
show negavve association with this function. The vartabon of the second vector iz nostly
due 1o stanre (negative load) and NI (positive).

The projection of the centroids onto a bi-dimensional plor representing the first two
canonical variables (Figure 4) reveals «ffect 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 (88} and monsoon (MSD, MIDS) 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 thar thete are six groups here (16.67% 1s expected by
chance}, the resuk can be considered even beuer than in previous analyses. That is, the
separation of groups based on variables investigated {especislly NI} reflects a biological
facr and is nor arbitrary.

Influence of geography

Univariate tests show that all variables pregsent significant variavien among geographic
groups. The descending order of F-ratior is NI, CI, TFI and stature (Figure 5). It is
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interesting o note that different varisbles are importunt for discriminsting for each
factor investigated. For example, in this analysis stature is oot 1 good discriminasor whereas
climate bears significant influence on body morphology, especially in the case of NI and TFL

The first two canonical variables (44.9% and 32.6% of the variarion) accumulate 78.5%
of the total variation, the separation of groups on both vectors heing highly significant
(Figure 3). CI and NI are the variables showing the highest association with the frst and
the second funcrions, respectively, both with positive values.

The projection of the centroids onto the Arst two canonical variables {Figure 5} shows
geographical patern of tmorphological variation among the Indian populations. The first
vecter shows the populations from the north (N) in the left and the island populations
(15) i the right margin of the plot, refleciing the two extremes of variation in CL At #n
intermediate position, and separated by the second vector, appears the rest of the regions,
reflectng a gradient in NI values from centeal (C) to North eastern (NE) regions. Tt is
worth noning the close resemblance among populations living in sonthem (5) and westem
{ W) regions.

The mean percent of cases carrectly classified i their respecive group is 51.9%. If we
take into account that there are seven groups here (14.3% is expected by chance i be
well clasgified) this resulr indicates that the variables employed are excellent discriminators

for chmatc groups, principally CI and NIL.

Influence of time berrveen data sets

In order to test the extent and natore of sssociatnon hetween tme of collecoon of dara and
the studied wariable, linear represszion was employed. Although stadstdeally significant
associadon between time and three out of four variables were found, the propottion of
variation that can be amributed to rime {expressed as the adpusted K is quite low
(herween 0.1 and 4.5%) and therefore we da nar believe that it affects the overal! inferences
thar we made based on our other results (Table VI It is worth noting, however, that for
biclogical analysis the pattern of variation is of primary interest, and significance testing is
definitely of subordinate value (Blackith and Reyment 1971). Moreover, the variabon
observed does not seem to be due to secular trend since stature actually exhibits a negative
wend; oa the other hand, NI exhibits a pasitdve mrend, probably due to regional differences in
sampling elong time {Figures 6-0),
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Awocorrelarion analysts
The pattern of geographic variation of each wait (NI, CI, 8t and TFI) with stature is
described by the plot of autocorrelation coefficients (correlograms) in Figures 6-9.
{Tables ITI-V1.} The horizontal 2xis indicates the geographic distance berwezn populations
(in kilometres) and on the verdcal axis is the standardized (g-score) value of Moran'’s Fat
each spatial! lag (Figmres 10-13).

The interpretation may be briefly explained as follows: (a) a spatially random distribution
result in a seties of insigmficant Moran's T values at all distances. {b) A decreasing set
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Tabl: L Spatdal autocorrelstiom {Maoran®s J) resulm for NL

Spadial leg Drigtance (km} Diata Points No. of puirs Mean I SDof I J
1 1845 a3 2555 1384 0,008 0,000
2 3352 K1 K 2538 0.205 0008 0.0D0
3 6.3 oz 2587 11074 0.0G8 0,000
4 azr.0 300 2493 G203 0.008 0,000
% a0s.3 E 1z 2534 —D0de6 0.007 0000
) 455 03 2342 ~0.141 0.008 0000
T tD6H. 3 an 2544 -0.197 LO08 0000
B 15642 03 2346 —0.114 0.008 0.000
o Y25H.3 3 2537 —-0.081 0.008 Q.000
1) 13560 303 2544 —0.062 0008 4.000
il 4564 03 2541 —0.078 0.008 Q)
12 L5608 1 2541 0.002 0.008 4243
i3 16756 303 2570 . 146 0.008 0.0
14 YRES.5 303 2322 (.04 0.008 0.00¢
13 2087.9 303 2541 —0.082 .007 0.00:0
16 23162 3 2558 0024 Q.007 .00
17 2546.3 303 2572 -0, 226 0.007 2.000
18 45810 03 2486 —0.258 .02 0,000

Owverall correlogam significance {Banfemoed appeoximadon) = 0.000,

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

Although differenices exist emong variables, all four cerrelograms departed significantly
from randomness and share some common featnres. First, almost ali the J value are scatis-
tically significant, denoting high geographical sgucture. Second, spatial aumo-correlstion is
generelly positive and significant for the four variables at low distances. Third, beyond
2200km the four variables exhibit negative velues and are statistically sigmficant
At inermediate distances the interpreration is not so easy and there are some differences
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Table IV. Spatial santacqorreladion {Maran's I results for CI.

|
£

Doviance (km)

Crata Points

Mewn T

o, of pairs D af I &
1 186,5% 34 2736 a.Il1 ¢.007 LU (43
2z 3364 ald 2722 i.115 0007 000
a 4452 k1T 2735 9.043 Q.007 0.000
4 619.0 314 2728 0.027 0.007 004
3 TET4 Alg 2736 1026 Q007 2.000
& g7 .4 ETR 2718 —~0.007 Q.007 0.315
7 514 At 2772 —0.05¢ O.007 0, 0MN
] 13494 34 2ndi =040 0.7 11,00}
b 1240.5 14 2120 —0.2y 00T 0. O
10 13544.8 34 2730 —{Q.082 0007 {1,043
11 1451.5 34 byl i) —LO3G CLIHY? 0.000
12 1546.9 3t 2730 —0.086 (007 (0.00H)
13 1664, 34 2751 -2 047 0.420
14 1531.% 314 2710 ~ 1 00 0.7 0475
15 2057.5 314 2730 —0.03%6 0.007 0.0
16 12818 314 27xT & 100 E i) 0.Q00
17 25348 314 2737 O QW O.My7 &30
18 40581 a4 2724 —-0.133 0.007 0.000
Owerall correlogram significince (Bordfemroni appraodmation) = 0000,
Table V. Spmial antocormelation (Moran's £) results for stamre.
Epatial Iag Distanice {xn} Dara Polnns . of pairs Mean I SDroff o
1 2033 358 3555 0175 0.0085 0.000
2 A0 A58 540 024 0.6 . 1540
3 4755 358 A560 0.o92 0.005 LN L
4 - 6.4 358 3528 0047 0,007 D000
5 $18.0 158 3E5T oBG Q.07 R HE
L] 050,27 155 550 =030 0,006 000
7 1067 9 333 3558 0.0%0 .00 Q.o0a
a 1144.2 358 3554 —0.02% .00 00043
9 1258.2 55 592 —D.024 0.0 00
14 13527 358 35532 —0.034 3.6 11,004
11 1455.5 358 548 —0.02 .06 QO
12 1550.5 358 3552 =2 0006 04440
13 1851.6 58 3550 0.018 {.006 0,005
14 1803.8 A5H 3552 n.431 G007 0000
13 Zh2a.q 158 3504 —0.142 2.005 0000
16 22636 353 3537 —0.082 0007 {2,001
L7 2520.7 253 I56R =051 0.007 .00
18 4058. 1 a54 3532 -G 000 R 1)

Owverall corrclogram significance (Bonftrreni appeoamation) =0.000,

of behaviour for each individual variable. In synthesis, all the varinbles show a gradienc

gpanning aver India {i.e. a clinal pamem). Thiz partern is muoch more evidens for NL

DHzcneslon

There ave three major factors that are attributed to che vast diversity of human populations in
Indian subcontinent; geography, historical migration, and social structure. A variety of
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Table VI, Spatial antocorntlation (Moran™s §) remabts for THL,

Spatial lag Distance (km} Diata Poirts No. of prirg Mean £ D of F I3
1 186.6 312 2741 0.164 0.000 0.000
2 325.6 312 2658 0,137 0.000 0,000
3 444.3 312 2731 —0.033 0.008 0.000
4 566.9 312 2657 0.039 0.000 2.000
5 715.6 312 2680 —0.004 0.008 0.46%
6 84i.1 312 2607 0.020 0.008 .003
7 955.6 312 2710 0.0L0 0.000 0.064
8 1069.9 312 2700 —0.060 0.00% 0,000
9 1713 312 2608 0.054 0.00% 0,000
0 1274.4 312 2663 —0.090 0.009 0.000
il 137012 312 27032 0.06% 0009 0.000
12 1473.5 312 2691 —0.050 0.00% 0.000
13 1569.9 312 2737 0.007 D000 0.120
14 1677.4 312 2673 —0.048 0.000 0.000
15 18595 312 2701 -0.073 0008 2.000
16 2074.3 312 2693 —0.105 0.008 4,000
17 2325.4 32 2701 —0.046 0.007 £.000
18 4058.1 312 2663 ~0.032 0.000 £.000

Owexal] coprrlogram significance (Bonferront approximation) — 0000,

Takle VII. Regression velues of the four andiropotmeric variables with fme".

Varighje R o Adfusred £E F

Smnwe 0,113 0.01% 0.G1! 1.009
NI 0.212 D.045 0.043 0.000
TFI 0.157 0.02% 0.0Z1 0008
1 0.059 0.003 0.001 0.205

"Predicrors: (Constant), Time.

natural, geophysical, or topographical regions (with highest mountsin ranges, rivers, del
region, vast plateaux, 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 mechapisms end communicatien barriers for the setidement of several historical
migrations of diverse ethnic communites that sustaiced Lo exist since prehistoric times.
This has iead o the unigue statified population swucmre consising of thousands of
communides of castes, subcastes, tribes characterized by endogamy, culture and a vatiety of
subsistence practices, dinlects, kinship pattern, a variety of foud habits, customs and health
practices, etc. {Malhowa 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 populatien structure is akin to the isolation by distance model and, in the
absence of other influencing factors, this should show pgeographic clines in some of
the anthropological and genetic characters.

Apart from a variety of tribes spread widely in different parts of the counmy, the caste
system is ubiquitous and o 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 discoptnueous distribution and
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Figure 11. Spatial autocorrelation snalysis. Correlogram for NI

small population size of the insjority of the mribes indicate that their genetic fate is guided by
genetic drift and show unique frequencies of genmetic characters and ahsence 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 paterns of variaron are the subject of nvestigation
among anthropologists, human biologists and population geneticists, The above expectation

or the hypothesis is supported by the resulis obtained by discriminant and autospartial
correlation analysis,
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The resuir of this study reflecs the geographic stmcruring of anthropometric vadaton.
The northern region and, to an extent, the sowhern region, shows taller stamure, broad
facigl 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 pamern of anthropometic varatgon
with regard to linpuistic, geographic, ethnic and climatic faceoss.

Of the four variables used ro discriminate Indian papulatinhs—based on hnguistic, ethnie,
climatic and gecgraphic factors—stature ranked first and then NY and {1 shared mote or
less equal weighting with each other. But in the cage of geographical inmpact, the order
of disciminator was NI, CI, TFI and stature. The discrimninant anaiysis for each of the
four vanables—language, cihnicity, climate and geography—shows vananon in facial
morphology and clusier together with respect te the sbove four factors.
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The spanal autocorrelaton analysis performed reflected the influence of population
soructure on the peopraphic parterning of anthropometric variadon. This s expected
in view of the regional endogamiy, 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 positve autocorrelation at low-order distances and significant nega-
tive cotrelation at hipher disrance. The positive values at low-order dislances 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 migranon and
admixture relative to the effect of endogamy. In the case of long-distance differennation,
negative autocorrelation retlects clinal patterns and this is expected from the isolation by
distance mode] of population penede theory in the cese of migrations, where distance
populations are expected 10 show greater diversity than the nearby populations due to
localizadon of the gene pool. The results also indicate east—west or north-south gradients
(clinal pattern) of biclogical vedation with respect to stature, CI, N1 and TFI. This is in
accordance with the regional variation observed in the anthropometiric variation in
the earlier studies. Thus, the spatal autocorrelatton analysis reflects the biological pattern
inherent in the popolaton with diverse historical migration and settlernent patterns in
different regions. The pattern might change with different lag distance values. We have
considerad 125 km as the upper limit of marital diztance as the cut-off point for seeing
the geographical paterns of the four anthropometric rraits considered. An alternadve
analysis based on mode or sverage marnital distance would possibly be more desmable and
might reflect different parterns. This is because marital distribudon of mibal and most of
the caste {with the exception of Brahmin) populations in general shows a characteristic pat-
tern of leptokurtic and skewed distribution (Majumder 1977, Malhotra 1980}, and as such
the upper limic of 125km distance may not be realistic in the majority of populatons in
India. The mode or the mean value or some other distance value that satisfies the population
structure criteria might show better clanty 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 mterval along the whole space), and
all the results show the zame pattern, which indicares that the pattermn is guite robusl.
This suggests thar the variation in marital distance has litile cffect on the spatial pattem
of the swudied variables.

The results further reinforee the observations made in some previous regional and narional
anthropometric studies with regard to ethnic and linguistic cateria. For cxample, in the case
of regional studies on anthropometric variaton, Mahalonobis et al. (1949), Karve and
Malhowa (1968} and Malhotra of al. (1981) in northern, western e2nd southern regions
observed varation of stature along the caste hicrarchy. However, such differences with cespect
to caste hierarchy were least observed in the Bengal anthropometic survey {(Majumdar
and Rae 1960). Such variance in results observed in Bengal is antributed to the population
structute governing marriage regulations and recent migrational history of the populations.
In this sense the regional studies are important, o as to detect local patierns and iis influen-
cing factors, which might ger masked at a national-level study across regions.

There is a dearth of well designed studics on anthropometeic variation at the nanonai
level. The results of the study support some of the Andings by the previous works. For exam-
pic, Majumder er al. {based on well designed statistical analysis) hawe found significant
differences in anthropomerric profiles across geographical zones and ethnic categories
but no clinal patterns in head length, heed breadth, bizygomatic breadth and swature.
Similar vesults of associaion 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 sthnicity and climate. The above studies
imply geographical clmes with respect te anthropometric waits across the caste hierarchy or
ethnicity amonyg the Indian populations, North et al. (1999), Sokal and Friedlaender (1982)
and Sokal et al. (1989, bj have studied spatal autecorrelation in Ruropean populations;
Lhowever, in the Indian context, this i3 perhaps the first direct study based on spatdal aoto-
cotreladon of anthropomnerric' vuristion with respect to ethnic and lingnisnc criteria,
Recently, spadal smudies in dezmatoglyphic variation have been reported by Reddy et-al.
(2004). Thic study also showed similar spadsl patterns in palmar dermatoglyphic traits
{ridge count variation) with respect w0 geography and ethnicity.

Although there is grearer emphasis given to the genotnic dzts for investigating the
micro-evclunonary patern (Canng 2003), the resulrs based on classical morphological
traits and classical genetic traits should help in further undesstanding the mechanism of var-
iation of the vast biological diversity of Indian populadons. The findings of the study should
help in further clarification and interpretaton of regsearch work in genomic analysis, espe-
cially with respect to genetic epidemiological profiles of health and disease.
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Spatial patterns of anthropometric variation
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Spatial patterns of anthropometric variarion
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Spatial patterns of antfropometric vaviation
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Resome. Amicre plan: La vanation anthzopométrique peut étre utilisée avec bénéfice pour
Panalyse de processus microevolunfs. Les vananons anthropomeiriques du sous-connnent
mdien, fondées sur la stature et trois indices (indice céphaligue, indice nasal ct indice facial
total), sont extrémemnent prononcees ei discnminent les populatons selon les régions
géopraphiques,

Bur: Les vanations anthropomeétricues de la smtare, des indices céphalique (1C), nasal (IN)
et facial total (IFT) sont é¢mudiées dans I'ensemble du sous-continett indien, en relarion avec
les affiliations ethniques, linguistiques et religieuses.

Sujets et methades: Les données publides sur 531 populations indiennes, onr été soumises a
I"analyse discriminante &t § une analyse d aurocorrélation spatiaie,

Resultars: L'analyse discriminante de quatre variables anthropométriques indigne que la
stature et I'IN sont de bons discriminateurs de populations de langues différentes. La
stature, 'IN et FIC diseriminent bien les populations d'origines ethniques distinctes aing:
que les conditons climanques des différentes régions. L’IFT n'est pas un bon discriminant
de populagons d'amributs ethmiques, linguistiques et climatigues varkés, Llautocorrélation
spatiale indique des écarts significatifs & une distnbution 2u hasard qui suggérent une
structure géographique. Lestimation ¥ de Moran est positive et EtﬂﬁﬁﬁqﬂﬂﬂlﬂﬂfﬁiﬂﬂiﬁCIﬁE’E
pour les quatre variables et pour de faibles distances, mais présente des associanons
significatives négatives pour des distances plos elevées.

Conclusion: Les résultats suggérent Pexistence de gradients géographiques pour les quatre
variables anthropomeémqnes et indiquent 'influence de lz structure de & population sur les
variahles étudiées.

Zusammenfassang. Hintergrund: Anthropomerrische Variation kann fruchrbringend
verwendet werden, um mikroevoliutiondre Prozesse zo untersuchen. Anthropometrische
Variationen auf dem Indischen Subkontinent, die auf Korperhidhe und dret Indizes basieren
(auf cephalischem Index, nasalem Index und rotalem Gesichisindex), sind sehr variabel und
unrerscheiden zwischen Volkem verschiedener geographischer Regionen.

Zizl: Es wurde die anthropometrische Varianon von Korperhohe, cephalischem Index (CI),
nazalem Index (NI} und totalem Gesichtsindex (Towal Facral Index, TFI) hinsichdich
cthnischer, linguistischer, geographischer und klimarischer Aspekre awf dem Indischen
Subkontinent untersucht.

Probander und Methoden: Verdffentlichre Daten betreffend anthropomemmische Varnationen
von 531 Populatonen des Indischen Subkontinents wurden mit Diskriminantenanalyse und
raumlicher Autokorrelatonsanalyse untetsuchr.

Ergebniseer Die Dhskriminantenznalyse der vier anthropometrschen Variablen zeigt, dass
Kirperhihe und NI gute Unterscheidungskriterien fitr Populationen mit unterschiedlichen
Sprachen sind. Korperhdhe, NI und CI unterscheiden gur zwischen Populationen
unterschiedlicher ethnischer Herkun(t unterschiedlicher kimatischer Bedingungen aus
verschiedenen Regionen. TFI ist kein gutes Unterscheidungskoterium fur Populationen
unterschiedlicher ethnischer, Hoguistscher und KkKimatischer Herkunti. Raumliche
Aurokorrelationsanalysenn zeigten eipe signifikante Abweichung von Zufallsmustern, wes
auf besondere geographische Strukturierung hinweist. Die Moran’s 1 Schitzung ist posity
und auf Kleine Enternung fiir die vier Variablen statistisch signifikant, aber zeigr bei
grivBeren Werten eine signifikante negarive Beziehung.

Zusammenfassung; Die Ergebnisse legen geographische Abhingigkeiten filr die vier Variablen
nahe und zeigen den Einfluss der Bevdlkerungsstrukrur avf die untersuchren Variablen.
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Resmmen, Arwcedenres; La variacidén antropométrica puede utilizatse provechosamente
para investigar sobre procesos micreevolutivos. En el subcontinente Indto, las varinciones
antropornétricas de 1a estaturs ¥ tres indices {indice cefélico, indice nagal ¢ indice facial
total} zon altarnente variables v discriminsntes enwe poblacienes a maves de diferentes
regiones peograficas.

Objetioos: Se investigd la variacion antropomémica de la estaura, el indice cefalico (1C), el
indice nasal (IN} ¥ el indice facial total (JFT) trespecto a la Gliacidn émmica, lingiiistica,
geogratica y cliunética, a waves del subcontinente Indio.

Sujetos y Mérodes: Se analizaron los datoe publicados sobre las variaciones antropomeétricas
de 53] poblacionegs del subcontinente Indio, utilizandce un analisis discrimninante y un
analisis de smocorrelacion espacial,

Rewdiados: Bl andlisis discriminante de las cuatro variables antropométricas muesta que la
estatura v €l IN son buenos discriminantes para las poblaciones de lenguas diferentes. La
ectatura, el IN y el IC discriminan bien entre poblaciones de distinto origen émico y
condiciones climiticas diversas, en diferentes regiones. El IFT no es un buen discriminante
entre poblicionss con amibutos émicos, linghistcos y cimdtcos diversos. Fl andhisis de
autacorrelacion espaca) mostrd una separacion significativa det azar, lo que sugiere una
estructuracion  geografica. Ia estimacidn del indice 1 de Moran e&s positiva v
estadisticamente significativa en las cuatro varishles a cortas distancias, pete muestra una
asociacion negativa y significativa a velores mas alios.

Conchesion: Los resuliados sugieren la existencia de clinas geoprificas para las cuatro
variables antropoméiricas e indican la infleencia de la estructura poblacional sobre las
vatiables estudiadas.
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