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Summary: Five ditfcrent endogamous populations encompessing the main socigl ranks in the
caste hierarchy of West Bengal, India were analyzed. To compare variability in populations
with contrasting ethnohistorical backgrounds, analysis of variance, Scheffe's test agd cluster
analysis were performed, as hased on dermatoglyphic variables, namely, 22 quanthative traits
andd 36 indices of diversity and asymmetry. The prosent sty reveals that: 1. Overall dispa-
rinzs ameng the 5 populations are expressed only in finger ridge counts on the st and Vik
digits and PII, n a-b ridge counts, in endings of main lings A and D, end in ML on the palms;
2. Hetcrogeneity 13 greater in fluctuating, asymmetry than in directional asymmetry; 3. There
is a greater heterogeneity in the 22 quantitative traits than in the 36 indices of diversity and
asymmetry, with females contributing moere than the males; 4. The highest contribution to
popuiavion variation is by Lodha amoeny five popuiations; 5, Inter-group variations are homo-
geneous In most of the variables, which docs nat comespond with the relationships o caste
hierarchy of these populations; 6. The dendroprams based on dermatoglyphic variables de-
monstrate that the raditional grouping of Indian populations, bascd on casie hierarchy, may
not be 8 reflection af their penctic atigin, in thar the pattern of clestenng comesponded best
with the known ethnohistorical records of the studicd populativns, 7. Hence, dermatoglyphic
affinitics may prove quite useful in tracing the ethnohistorical hackground of populatiens.

Key words: Quantitative dermatoglyphics, population variation with contrasting ethnohisto-
ncal backgronnds, endogamous groups, West Bengal, India.

Tussmmenfassnng: Es wurden [inf verschiedene Populalionen untersucht, die den wich-
upsten suzialen R3ngen in der Kastenhierarchie vorn West-Bengalen, Indien, angehiren,
Un die Variabilitit in Populalionen mit unterschicdlichem ethnohistorischen Hintergrand
zu vergleichen, wurden die Varianzanzlyse, der Schelfe-Test sowie die Clusteranalyse her-
angezogen, basierend apf 22 guantitativen Markmalen und 36 Indices der Diversitil und
Asymmelrie, Die vorlisgende Untersuchung ergab: 1. Generelle Verschiedenheiten zwi-
chen den tiinf Populationen ergaben sich mur tiir die Leistenzahlen auf den Fingern I und
¥ suwie aof P, in den a-b-Leistenzahlen, in den Lndigungen der [{avptlinien A und D
“iaee dey MLY auf den Palmae; 2. Die Helerogenitdt ist hinsichilich der fluktuierenden
Asymmetrie prifler als in der direktionalen; 3. Dic Heterogenitdt in den 22 quantitativen
M'f‘l‘lunﬂl&n ist auspepripter als in den 46 [ndices der Diversitil und Asymmeinic, vor allem
bei den Iranen; 4. Den griten Beitrag heziiglich der Variabilitit rwischan den fiinf Popu-
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tationen bewirken dic Lodha: 5. Beziglich der meisten Vanablen sind die Intergruppen-
Variationen homogen, was micht mit den Bazishungen zur Kastenhierarchie in dieceq Popu-
lationen tbereinstimmt; 6. Die auf den Hantleistenvariablen basierenden Dendrogrampme
zeigen, dass die auf der Kastenhierarchic basierende waditionelle Gruppierung der jndi.
schen BevBlkerungen nicht ibre genelische Herkurdt reflektieren diicfle und dass das ¢yy.
stermuster besser mit den bekanaten ethpohistorischen Kenntnissen der untersuchten Popu.
lativnen libereinstimmt; 7. Affinitiiten in den Hawtleistenmerlunalen erweisen sich daher 415
geeignet, um den ethnohistorischen Hintergrond von Populanonen zu erkennen.

Schhiisselwiirter: Quantitative Haotleistenrnerkanale, Variglion in Populationen mit unter-
schiedlichemn bevdlkerungsgeschichtlichem Hinlergtund, endogame Gruppen, West-Benga-
len, Indien.

Introduction

Genctic variation in human populations has been studied through the use of zeverg)
traits pertaining to morphological, biochemical, serological and polygenic systems
such as anthropometrics and dermatoglyphics. Recently, Crawford & Duggirala
(1992) found a significant association between dermatoglyphics and geography,
and demonstrated that dermatoglyphics is a highly informative polygenic system
that can be used to study evoluticnary processes and population structure. Derma-
toglyphics have been used to investigate interpopulation structoring in a number of
humen populations (Crawford 1976, Lin et al. 1983, Blangero 1990), becanse sev-
eral studies hag) demonstrated that demmatoglyphics are phylogenetically more stabie
than other biological traits {Rothbammer et al. 1977, Froehlich & Giles 1981). The
fact that dermatoglyphic traits appear to be evolutionarily conservative renders them
more reliable for studies of the historical relationships of populational structures. It
has also been suggested {Singh 1982) thar dermatoglyphic traits are the result of a
biogenetic expression, rather than of the physical environment, and this because
dermatoglyphic featurss are formed before the 19™ week of gestation (Penrose &
Ohara 1973) and thereafter are not amenable 1o change due to age and/or environ-
mental factors. Dermatoglyphic characteristics thus permanently preserve ao earlier
stage of fetal devclopment, whereas most other biological characteristics are per-
force examined postnatally.

The only possibility of exerting any influence on dermatoglyphic teaits is by local
disruptions that may sametimes occur during early fetal development (Jantz & Webb
1980). Newman (1960) has suggesled thal “since dermatoglyphic traits are poly-
genetically controlled, putatively non-adaptive, and undergo no postnatal modifica-
tions, they have distinct methodological advantages over either antiwopomelry Cf
serology in clarifying the older and meore basic relationships between human popu-
lations™. Ethnic relationships and geographic trends in dermatoglyphic configeri-
tion in many human populations {but particularly in Indian populations) have been
evinced by numerous studies {Cummins & Midla 1961, Banerjee & Banerjee 1972,
Chakraborty e1 al. 1982, Singh 1982, Mathotra & Sarkar 1984, Micle & Kobyliansky
1985, Karmakar et al, 1989, Karmakar 1990a, 1990b, Kamali & Mavalwala 1?.90,
Arrieta et al. 1990, 1991, Reddy & Reddy 1992, Gualdi-Russo ct al. 1994, Kamali ¢t
al. 1994, Krishnan & Reddy 1994, Reddy et al. 2000). Similar geographic trends wete
observed also in anthropometric traits (Mahalanobis et al. 1949, Karve 1954, Karve &
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Mathotra 1968} and in serological data (Majumder & Rao 1958, Singh et al. 1974,
pukherjec €1 al. 193, 1987, Chakraborty et al, 1986, 1987, Banztjee et al. 1992).

A review of the literature reveals that most of the studies on dermatoglyphic
aymeLey and intraindividual diversity of finger ridge counts in populations are
mainly on persens of Indo-European ancestry (Jantz 1975, Kobyliansky et al. 1979,
goche et al. 1979, Chakraborty et al. 1982, Vona & Porcell 1983, Malhotra &
sengupta 1985, Reddy et al. 1985, Malbotra 1987, Malhotra et al, 1987, Micle &
Kobyliansky 1987, Karve 1990), African ancestry (Jantz 1974, Salzano & Benevides
|574} or on Amerindians (Ditmar 1998},

There was justification, therefore, to investigate the asymmetry of dermatoglyhic
waits in Indian populations as well, and this was done in the present study, albeit
preliminary findings have already been reported elsewhere (Karmakar ot al. 2001,
2002}

Homologous parts in a living organism, including in humans, often display dif-
ferences, although the genctic components for both sides are the same. This bilateral
difference has been termed asymmetry and is comprised of two main categories,
pamely, directional (signed} difference and fluctuating {non-signed or random/ab-
solute difference). These two categories differ in their biological significance. The
directional asymmetry (DAs) signifies a well-defined constant direction of bilateral
differences. Fluctuating asymmetry (FlAs), on the other hand signifies random
differences between two values of a bilateral character, and may be derived by
sbttacting from the value of non-signed bilateral differences in each individual
ihe value of DAs. Thuos, the obtained values for both DAs and FlAs can be related
w0 the oial values of the examined traits and thereby, naturally, the asymrnetry
values For different traits become comparable.

The eticlogy of DAs in a trait may be regarded as developmentally controlled, and
perhaps has a genelic basis. FlAs in a trait, on the other hand, 15 considered to stem
from inability of the organism to buffer the negative influences of disturbing devel-
opmental facrors (see inter-alia, Ludwig 1932, Waddington 1960, van Valen 1962,
Doyle & Johnston 1977, Kobyliansky & Livshits 1986, Livshits & Kobyliansky
1987, 1989, 1991). Consequently, FlAs may serve as an indirect measure of devel-
opmental stability. In the manifestation of dermatoglyphic FlAs, a principal role 1s
atibuted 1o exogenous factors, but the existence of a genetic component has alse
been suggested (Jantz 1977, Malhotra 1987, Karmakar 1990a, 1990b). Hence, re-
search on the biological significance of the two kinds of asymmetry in dermato-
glyhic traits is much needed, gs is also the study of their variztion amnong diverse
Populations.

Apart from directional and fluctuating asymmetry, there are two more vanables,
namely, the indices of asymmetry and interindividual diversity. The index of asym-
metry delineates the ridge count variation among homologous fingers, while the
index of diversity quanrifies ridge differences between non-homalegous fingers.
Micle & Kobyliansky (1986) emphasized the importance of these two indices and
studied them on g set of 66 dermatoglyphic variables. Finger ridge count asymmetry
d diversity displaying ethnic variation has been demonstrated by Jantz {1974,
1975) 25 based on a comparalive study between groups of Buropean and African
acestry. Diltmar (1998) suggested that interpopulational companscn not onfy re-
“als sthnic differences of asymmetry and diversity, but also shows geographical
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variation among populations from Burope, the Middle East, and Africa; she also
cotcluded that these traits are suitable for comparative studies in dermatoglyphics.
In a series of studies, Leguebe & Vrydagh {1979, 1981) investigated the diversity of
finger ridge counts in males and females across the world and summarized their
findings as follows: a) the sttucture of diversity of ridge counts on separate fingers
differs in the population groups; b} there is similarity between males and females:
and c) the left hand is more homogeneous than the right. Krishnan & Reddy (1994)
found much homogeneity of finger ridge counts (TFRC and ATFRC} in 239 Indian
populations as compared to populations from the rest of the world. Therefore, it
should prove worthwhile 10 examine separately the intergroup variations with re-
spect Lo sex and sides (right and laft).

1t is already known from several early studies that females exhibit higher correla-
tions for vanous dimensions and developmental events than do males (Gamn et al,
1072, 1975, Burdi et al. 1974, Palti & Adler 1975). It has also baen observed tha
females are more symmetnic than males in terms of having both sides (right and left)
cqual with no bilateral differences (David 1984, Reddy et al. 1985, Reddy 1998,
Goodson & Meier 1986, Micle & Kobyhansky 1986, Kobyliansky & Micle 1987,
1988, 1989, Malhotra 1987, Amcta et al. 1987, 1990, Perez & Porras 1999). The
same, and other studies, however, report the reverse, that is that males are more
symmetric than females (Holt 1951, Parsons 1964, Reddy et al. 1985, Reddy 1998,
Maihotra 1987, Kobyliansky & Micle 1988, Arrieta et al. 1990, Micle & Kobylians-
ky 1991, Dittmar 1998}. It was further observed in several investigations thal many
populations typically display similar bilateral differences between males and fe-
males, e.g. sex differences are absent between the right and left sides (Holt 1959,
Mavalwala 1962, Knussmann 1967, Pons 1970, Vrydagh-Laoureux 1971, Ghosh
1932, Arrieta et al. 1993). Clearly then, the study of population variation ir both
SEXes is important.

In view of the above, and because of the weall-known ethnic diversity of Indian
populations with vericd ecosystems, we deem it important to use dermatoglyphic
traits and dermatoglyphic asymmetry (DAs and FlAs) as one uses other independent
biological criteria for ascertaining ethnic relationships. We reasoned that both
should prove helpful in evaluating group relationships and vnderstanding dermato-
glyphic homogeneity/heterogeneity among different population groups of the same
geographic region — in our case the State of West Bengal, India.

The choice of the five popuiations used in the present study was advantageous
because: (a) their biological structure was already investigated, via biochemical and
serological markers (Mukherjee et al. 1974, 1987, Singh et. al. 1974, Chakraborty et
al. 1982, 1986, 1987, Chakraborty 1987, Banerjee et al. 1992, Das & Kumar 1997),
and (b) their ethnohistorical background was well known.

The aim of the present study was to ascertain: (i) whether five different endoga-
mous population groups (both male and famale) from the same State of West Bengal
are homogensous or heterogeneous in nature with respect to dermatoglyphic teaits,
asymmetry (directional and flucmating) and intraindividual diversity, and {ii) pos-
sible relationships berween dermatoglyphic differences and known cthnohistorical
backgrounds of these populations. The obtained results are discussed in light of

earlier findings on biochemical and serclogical markers of the same populiaton
groups of West Bengal.
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fable 1. Sampie description.

population _ Abbreviation Nos. of families ~ Mos. of individuals
Beahmin (Rarhi) BR 100 449
pzhisya MA 100 504
Padmaryj PA 100 525

Muslim (Sunni) ML 100 555

Lodha LD 100 402

Tolal J00 2435

Material and methods

The five populations used in this study are presented in Table I, dermatuglyphic aits in
Appendix 1, and formulae for calculating various indices in Appendix 2.

Ethnohistorical background

In India the sociometric situation is quite complex due to a very old (approximately
3000 years) and unique caste system, and the presence of a large number of tribal
groups with a high degree of inbreeding, as well as of various religious communities.
Indian people are characterized as belonging to several endogamous groups and are
structured in a system commaonly referred to as Hindu caste (derived from the Latin
word Casta = pure/unmixed and absclutely based on function and occupation), in
which each caste and sub-caste hehaves as an endogamons entity. Indian castes
beleng to quadrople divisions of society and are amranged in a social gradation or
n hierarchical order called Jati. In this hierarchy, Brahmins are at the top and
beneath, in descending order, are the Kshatriya, Vaisya and Sudra. Erdogamous
populations represent 3 categuries of social stratification based on caste hierarchy to
wit: higher caste group; lower caste group and tribes. The low-caste group consists
of scheduled and non-scheduled castes. Scheduled caste is 2 common term used to
designate the low-ranking caste groups, while wribes are migrant groups and both
these catepories are protecied by the Government (Census of India 1951, District
{razetters, Bengal, 1909). Thete is, however, a gradual transtormation of tribes into
castes all over India {Risley 1891).

Subjects salected for the present study are five Bengali-speaking groups, namely:
Brahmin (Rarhi), Mahisya, Padmaraj, Muslim (Sunni) and Lodha. They were
sampled from rural communities in the Howrah and Midnapore Districts of West
Bengal, Members of these populations practice monogamy and are strictly endoga-
mous. Details for the people and their histoty may be found in Appendix 3.

Genetie background based on variations in seralogical and blochemical
brarkers

f"t number of endogamous castes and tribes from West Bengal, India, has been
M¥estigated for serological and biochemical markers which could identify the ge-
betic affinities of the populations (see among others: Mukherjee et al. 1974, Chak-
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raborty et al. 1986, 1987, Mukherfee et al. 1987, Banerjee et al. 1992). Chakraboity
et al. {1966, 1987) and Mukherjee et al. {1987) have cxtensively studied the patiern
of genetic affinities, employing 12 polymorphic systems on 10 endogamous groups
(5 castes and 5 tribes) of West Bengal. Their populations belenged to 3 calegories:
(i} Brahmins (high castes); (ii) Scheduled Castes (low castes} and {iii) Tribes. These
authors obtained a complete consistency of the penelic variakility for all markers
and for ail populations, barring the ABO systern in two groups, namely, lalia Kaj-
barta (a low caste group) and Munda (a mbal group), with both of them showing
significant differences. The authors suggested that the genetic peculiarities in the 10
endogamous groups may stem from their different geographic locationz. Be that as it
may, the gene diversily in each popolation was very low (0.024 + 0.606). Inter-
estingly, the Jalia Kaibartas and Bagdis were found to be claser to the high-caste
groups, despite their low soclal rapking — a relationship evinced in a number of
earlier studies. Dutta (1969), for instance, suggested that Rarhi Brahmins are the
result of intermixing (inter-marriages) of Brahmirn and low-caste gronps like lhe
Bagdi and Kaibarta. Mukheg'e:&: el al. (1974) also observed homogeneity between
Mahisya and Muslim with respect to the distribution of alleles. Roy Choudhury
{1984) obtained similar results with two segments of Bagdi (Duley and Tentulia),
suggesring & close genetic proximity te Brahmins. Cluster analysis of 10 groups by
Chakraborty et al. (1986) also faled to assign together populations of the same
social ranks, rather, the scheduled castes were penetically close to the high-caste
groups instead of being cioser to their cohorts of the same social rank; nther sched-
wled castes and some tribes are most likely deemed the result of a considerable
admixture with local tribes. The authors further conjecture that some of the trital
and lower-caste populations may have accuvmuilated genes from the high-caste
groups in past generalions of gene flow and consequently now present an overall
genetic profile somewhat dissimilar to their social class. It follows then, that the
genetic profile of any given population does not always correspond exactly to s
present secial ranking, since some low-caste groups are shown to have stronger
getetic affiliation with bigh-renking groups, instead of being close 1o proups of
cheir own rank. The present caste bierarchy in India, therefore, may not be a truc
reflection of the genetic origin of the populations.

Dermatoglyphic prini analysis

Dermatoglyphic prints were collected according to the rolled print {(inked) method
of Cuinmins & Midlo (1961). Dermatoglyphic variables used in the present study
belonged into [wo main categories. The first category included the 22 uswaily slu-
died quantitative traits, to wit: 10 digital ridge counts, 2 total and absolute tdge
counts, 2 a-b ridge counts, 3 pattern intensity indices (PII), 4 main line (A&D)
endings, and (MLI}. The second category included the 36 dermatoglyphic variables
that represent the indices of diversity and asymmetry, to wit: 11 intraindividual
diversity indices, 12 indices of directional asymmetry, and 12 indices of fluciuating
asymmetry.

The dermatoglyphic traits were evaluared for the most part by the methods of
Cummins & Midlo (1961} and Penrose (1968). The indices of intraindividual vana-
bility and asymmetry in ten finger ridge counts, 8% , §/5, 3,/10 and Al were
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caleulated according to Hoilt (1968}, Jantz {1975) and Knbyliansky et al. (1979). In
sddition, indices analogous to S* and $,/10 were separately calculated for the left
and right fingers and were designated as §°L., S°R, 1IDL and IIDR. The Shannon
information measure was adapted for illustrating the diversity of pattern: types on the
ien fingers (Kobyliansky & Micle 1987). It should be noted that all possible combi-
rations of arch patterns, namely, A-A, A-R, A-Y and A-W were excluded from the
computation of asymmetry values (DAs and FlAs). Our justification for this was that
A-R combinations of right/left fingers comprised mcerely 0.1 % A-U combinations,
merely 1.5 % and A-W comhinations merely 0.2 % of the total sample, whereas by
eaciuding these arch combinations, we obviated possible technical errors in the
gomputation of asymmetry values,

Procedure upplied for caste comparisons basing on family

Data

We used family data, not ouly parental data, because preliminary trials revealed that
differences hetween parental samples and total family samples were negli gible. This
became clear to us after undertaking the following steps. First we camputed family
correlations for two types of dermatoglyphic taits, nameiy 22 commonly used
quantitative traits and 36 traits of asymmetry and diversity indices. We found high
correlation between father-offspring, mother-offspring and offspring-cffspring for
the 22 quantitative traits and negligible cormelation between father-mother, as was
expected. As for the remaiming 36 traits, correlations were all neglipibie for all of the
relative combinations. In the wake of these results, we decided to assess the effect of
using the total family sample in caste comparisen for the 22 quantitative traits only,
and to this end computed all condescriptive statistics, including cluster analysis that
was based only on parental populations. Following this procedure. we estimated
differences within the total family sample only, and found that averape differences
for the 22 traits amounted to sbout 2.5 percant for sach of the castes separately,
These findings encouraged us te include both parents and children (total sample) in
caste comparisons, thereby aftording us a five-fold increase in sample size, Ragret-
tably, space limitations prohibit us to present all the relevant data here {i.e., tables,
dendrograms, etc,). These, however, will readily be supplied, upon request, 1o the
mterested reader.

Staristical tests

One-way Analysis of Variance (ANOVA) was used for assessing the significance of
the group differences between quantitative traits and directional asymmetry vars-
ables. ANOVA generates u set of transformed variables that enable testing between
and within subject effects (thraugh the proportion of group-means) and the obtained
F-value may then indicate that the pepulation means are probably unequal.

For assessing the significance of the differences in intraindividual diversity in-
dices and fluctuating asymmetry, vatiables used the Kruskal-Wallis test of one-way
analysis of variance. K ranked all the variables from the original set of data in a
single series, then computed the Mean rank for each group, and finally computed the
"’ statistic which approximates a distribution.
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Scheffe’s test was used for multiple comparisons between all groups. In this
analysis procedure, group means are sorted in an ascending order, and then a matyix
indicates significant difference between group means (pairwise mean COINPansons)
is established.

The above statistical analyses were performed with BMDP statistical software
{Dixon 1983). Data were processed both at the Tel Aviv University Computer
Center, Israel, and at the Indian Statistical Institute, Calcutta, India.

Results
Analysis of variance

The results of the nnivanate ANOVA are presented in Tables 2 to 4 for the two
different sets of dermatoglyphic variables, namely, the 22 quantitative dermato-
giyphic traits and the 36 indices of diversity and asymmetry, in males and females
separately.

22 quantitative traits (Tables 2-3). The F-values suggest that 4 variables (fingers
L, IL, 1K and ¥} far the right hand out of 5 finger ridge counts in males and 3 variables
(fingers I, II and V) in females show significant population heteropeneity
(P < 0.05). Comrespondingly, for the left hand in males there are 3 ([, [V and V)
and in females there are 4 (1, II, IV and V) significant variables. Pattern intensity
mdex {PII) for right, left and both hands; a-b ridge counts; main line endings of A for
night and left — all show significant heterogeneity in both sexes. Significant hetero-
geneity 1s also evident for endings of main line I but in males only on the right
whergzas in females they are on both sides. Main line index {MLI), and total finger
ridge counts {TRC) show significant heterogeneity in fernales. It appears that males
show marginally higher heterogeneity in populaticns {4*) for the right finger ridge
counis than females {3*) and femaies for the laft (4*). However, both sexes ars
equally heterogengons when considering 10 finger tidge count variables (7% out of
10). Both sexes are alse comparable in showing significant heterogeneity in the case
of P11, a-b idge counts, A-line endings and D-line endings {except on left in males).
In the averal! picture, females show higher population heterogeneity [1%*) than do
males (15%).

3 dermatoglyphic trafts of diversity and asymmetry (Tables 4- 3}, Some sex-
differences may be observed in population heterogenedy with respect lo diversity
indices of finger ridge counts. Thus, males are significantly different between castes
tor only one index out of 11, namely, finger ridge counts of both hands (Div 1),
whereas in females there are 4 such indices: finger ridge counts of both hands, 8% of
both hands, IIDL and $+/10 (Div I, VI, VI and IX). Div 111 is common in both
sexea for caste comparison. Males and females contribute almost equally (3% and 4*,
respectively, out of 12) to significant population heterogeneity in regard (o direc-
tional asymmetry (DAs) and somewhat l2ss 50 in regard to fluctuating asymmeiry
(FlAs). For DAs, the cornmon indices between sexes are a-b ridge counts (DAs IIE).
Total finger ridge counts (DAs IV), [1Ird finger ridge counts (DAs XII), are found
significant in males and the Vih finger ridge counts {DAs X), IInd finger ridge counts
(DAs XII} in females,

Some interpopulation heterogeneity is observable between sexes insofar as the 13
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Table 6, Sammary of significant population pairs in Scheffe's test of 22 quantitative traits and 36
indices of asymmetry in males and fainsales.

Male
yariables Population pairs* Variahles Populalion pairs
R (FRC) 1x5,2x53x5,4x5 1L #RC) lxiﬂx!';,ﬂxs
zﬂ{;llf)h - ;:x; SE (RO x5
AB-R (a- » AB-L. {a-h RO I3 1 x52x5 [x3,
AR [MLTA} Ix3, Ix4,1x52x23, 4n5, Ixd 2xd4,Ix4
‘ ‘ 2x4,2x5 Das I {a-b RC) ixd Lx5

flas Vi (Div ¥II-Div VII) 1x4 FlasT(Divi-DivI) 1x4
PAs XIT (fRC Je-ITEH) Ixs FlAsX ([RC VeV 1x4
Famale
iR (FRCY Ix54=x5 IR (fRC) Ixs
R URC) x5 IL {[RC] 3x§
5L (fRC) Px4,2x5 4x5 Pl 1=4,1x5
PHr 1x4 PIIb Ix4
AB-E (a-b RC) 2x3, 18 =5 AL (MLTA) Txd 2x4, 4= 5
AR (MLTA) I1x3,2x3 1xd, x5 MLI 2X3,
Div VIIT {(fRC both hands) | x4 Div ¥1 (5% Ixd 1x5
Div X (5. /100 Txd, 1x5 DAs X (fRC Ve=¥1)  Ix4

FlAs TV [hRC) b2 ixd,1x5
RAs (fRC Y-V} 1x4 FlAs XIIT {fRC HOr-IIl) 3= 5

FlAz XVI (AD ix4

*Abbreviation of populations: 1 = BR, 2 = MA, 3 =PA, 4 =M, 5=1L0.

indices of FlAs, with 4 out of 6 commor indices proving significent namely: FIAs [
Y, VI and X. In females FlAs XI, and XVT, are significant to population hetero-
geneity but these are negligible in males. The overall heterogensity in the stadied 5
popidations ts higher in females {15%) than in males (B*) when the 36 variahles are
considersd togesher. Our findings show very clearly that the category of 22 quanti-
tative variables contributes more to significant population heterogeneity than do the
36 indices of diversity and asymmetry in both sexes.

SchefTe's test

The Scheffe's test for inter-papulation comparison was applied to all the selected
dermatoglyphic traits among our 5 populations. However, for the sake of brevity,
oanly the results for significant population pairs are incorporated in Table 6. For each
variable the number of population pairs was 10,

22 quantitative traits (Tzble 6). It males finger ridge counts (LO) differ sig-
nificantly among 4 populations for the 1* digit on the right and among 3 populations
{except MA) on the left. LO also differ from PA on the Ond and Vth digits for the
right side, Finger ridge counts on the IInd to Vth digits for the left hand do not show
any significant difference between populations. In femates, LO differ from PA and
MU on the Ist digit, from PA on the IHrd digit, and from MA on the Vth digit for the
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right hand. The left hand shows significant differences only for two digits, namely,
between PA — LO on the Ist digit, and between BE - MU, MA - 1.0, and MU - L0
on the Vth digit. The largest contribution to papulation heterogeneity among the §
groups is that by LO. Pattern intensity indices (3 indices) contributing to population
heterogeneity are found only in females between BR — MU and BR - LO (only for
PII-L}). Paltnar a-b ridge counts are significant in 3 pepulation pairs out of 10,
namely MA — PA, BR — L(r and MA — LO for the right, and in 7 population pairs
for the leit hand only in males. Main line endings of A are interesting in that both
males and females have an equal number of significant population pairs (R = 6%, in
males; R = 6%, in females). Endings of main line D fail to show any significant
differences. Main ling index (MLI} differs signiticantly only in females between MA
PA.

36 Indices of diversity and asymmetry {Table 6). Of these, the 11 indices of
diversity are homogeneous in maies, none of them showing any significant differ-
ences. Females have only 5 significant population pairs for 3 indices: Div I on both
hands between BR — MU, Div VI ($? on both hands) between BR — MU and BR -
LO, and Diiv [X (8+/10) between BR - MU, and between BR — L. Fenrales are thus
maore heleregeneous compared to males.

12 indices of DAs (Table 6. Significant differences are found only in a-b ridge
counts (DAs [T} for BR-MU and BR-L.O in malcs. In females they are on the Vth
finger ridge counts {IXAs X) for BR-MU. Males and females thus contribate equally
to the populations heterogeneity.

1} indices of F1As (Table 6). Population pair BR-MU was significant in males for
3 indices: FlAsl (Div I — Div II), FiAs VI (Div VI - Liv V1) and FlAs X (finger
ridge commts on Vr —¥1). PA-I.O pair was likewise significant for Flas XII (finper
ridge counts on IT r - 1T 1) in males. In fernales BR also contributed considerably
and were significant in the case of FlAs TV, Flas X and FlAs XV, FiAs XIT {finger
ridge counts on IIr — 0]} was significant in pair PA-LO. Both sexcs have contributed
equally to population heterogeneity. Among the 3 categories of indices, npamely, Div,
DAs and FlAs, population heterogeneity was more proncunced for FlAs (M = 11%,
F = 12*%) than for Div (M = O, F = 5%} on DAs (M = 7%, F = 7*).

Cluster analysis

The results here are presented as dendrograms for males and females (Fig. la. 1band
2a, 2b), Mainly two clusters were formned with respect to 22 traits in both sexes. One
cluster comprised 3 groups (LO, MU, MA) while the other comprised 2 (PA, BR). In
males MU, and in females LO showed sume deviation from the remaining groups.
whereas, in males 1.0, and in females BR were clear!y apart from the other groups in
respect o 36 waits. MU and PA and also MA and BR were closc o one anoiher in
tales. In females PA, MU and MA were mutually close but LO belonged to the same
cluster, although it was at some time removed trom the others.

Discussion
From the F-values in Tables 2-3. it seems that of 22 studied indices, 10 indices of
finger ridge counts, pertaining to both sides and sexes coniribute similarly to our
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Fig. 1. a) Tree diagram for 5 populations {males, 22 traits), Weighted pair-group average -
Euclidcan distances. b} Tree diagram for 5 populations {females, 22 traits). Weighted prair-
goup average - Euclidean distances,

Indian populations heterogeneity. Heterogeneity here is more well pronounced for
the Ist and Vth digits in both sexes than for the other digits, which is in agreement
with the carlier findings of Micle & Kobyliansky (1991) i Jewish populations. The
bodetlying reason may be different pattern types. which in different digits occur in
varying frequencies, with each digit displaying a characteristic frequency for each
patiern type (Holt 1961), Significant population heterogeneity is associated with PII,
#b ridge-counts and endings of main lines A and D, and with MLL It is rather
dfficult 1o interpret the overall pattern of variation because different variables vary
in differant ways, be it sex, sides, or a number of significant traits. The generai
¥ndency for greater heterogengity in the right hand is in concord with the findings of
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Fig. 2. a) Tres diagram for 5 populations {males, 36 traits). Weighted pair-group average —
Euclidean distances. b) Tree diagram for 5 pepulations (females, 36 traits). Weighted pair-
group average — Euclidean distances.

Singh (1982). The sex differences in most of the variables mank equally insofar as
population heterogeneity which corroborates the findings of Reddy et 2. (1985),
Mavalwala {1963), and Reddy & Reddy (1992).

In the present study some sex differences were observed in 11 indices of diversity
of finger ridge counts for which females were more heterogeneous than males, a
finding which is consistent with the eartier findings of Micle & Kobyliansky (1991}
in Jewish populations. A strong heterogeneity was detected in 13 indices of FlAs,
with higher heterogeneity in females than in males, which conforms with the find-
ings of Reddy et al. {1985), Malhotra {1987), and Micle & Kobyliansky (1991).

Use of the Scheffe's test (Table &) showed that low heterogeneity exists in the 5
studied populations with regard to the 22 quantitative traits, which suggests that
these populations are almost homogeneous in nature. Note that only 25 out of 220
population pairs were significantly heterogeneous.
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Of the significant population pair differences (10 pairs for each vanable), LO
mate the largest contribution (28* pairs: M = 16, F = 12) to population heteroge-
peity. Our Indian population patrs differed significantly from those in other populs-
tions, particularly BR for some of the variables in both sexes, which indicates that
he differentiation between castes and tribes cannot in fact be denied. Next, after LO,
in decreasing arder of population heterogeneity were: MU for 21# pairs (M = 10, F=
11} BR for 18* pairs (M = 8, F = 10); and in a tie for fourth place, with 16 pairs
ezch: PA (M =9, F="T) and MA (M = 7, F = D). Male-fernale differences were also
evinced in our study, with females showing greater contributions than malas. The
intergroup differences were rather smail, in that oot of a to1al of 380 population
pairs, only 18 pairs in males and 24 pairs in females were significantly different,
This abservation reaffims the bomogeneity among our 5 populations banning a few
exceptions for some of the traits, ¢,g. MLI, main line endings of A, PII and a-b ridge
counts.

Our findings are generally similar io those of Mukherjee & Saha (1970) among
endogamous castes and communities from West Bengal. The latter authors found a
strony similarity among their groups, as, for example that Hindu caste groups and
Muslims are homogeneous with respect 10 dermatoglyphic traits, They also noted a
greater homogeneity among Bengalee caste populations than ameng ones from other
parts of [ndia. Additionally, they suggested, on the basis of the found similanities,
that a better picture of populations in West Bengal could he gleaned hy pooling
several endogamous groups from different parts of West Bengal. Mukherjee et al.
(1974) aiso cbserved homogeneity between MA and MU with respect to the dis-
triibution of the alleles “of some semm group systems”.

Gene diversity based on caste ranking among populations of West Bengal was
investigated in detail by Chakraborty et al. (1986, 1987), who observed a rather
confused picture of genctic differences between the studied populations. Seme low-
caste groups were found by them to have stronger genetic affiliation with high-
ranking groups, instead of being closer to groups of their own rank. Not surprisingly,
therefore, they failed 10 congruity between the genetic profile of any given popula-
hon and its current social rapk. They concluded that the present caste hierarchy
might not truly reflect the genetic origin of the populations. In the present study,
likewise, trends were well evident in the clostering patterns among our 5 popula-
tigns, and also in the dendrograms presented in Figs. 1a-1b and 2a-2b, pertaining to
dermatoglyphic variables.

Our male and female sumples also broadly reflect the same pattern of population
configurations in that low ranked scheduled caste PA and MA are close 10 high-
ranked caste BR; MU and MA groups arc in the same cluster; LO close to MA, and
s0 on. The observed clustering pauterns based on dermatoglyphic traiis are in con-
gruity with the known ethno-historic background of cur subjects and fully support
earlier conclusions regarding other studiad groups 1o wit; (i) low-caste groups are
close to the high-caste groups, because of their ethno-historic ties with the latter
(Dutta 1969Y; (i} sotne of the trihal and lower-caste populations may have accumy-
lated genes from the high-caste groups throngh past generations of gene {low {Chak-
rabarty et al. 1986); (i} considerable variation exists in the admixture of Bengali
populations and such admixture is neither restricted to a specific social class nor is it
miform over endogamous groops of all social ranks. Rather such vanation demon-
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strates that the wraditional grouping of Indian populations, as based on caste hier-
archy, may not genuinely reflect the genetic origin of the populations (Chakraborty
et al. 1986, 1987).

Our endogamous groups may have their idennty as 2 populanon, but in the
clustering patierns and dendrograms the caste identity is not proncunced. The mu-
tug] proximity of our 3 populations could be related to their ethnohistorical com-
monness, in which case, our findings would corroborate the findings of Singh (1982)
on popuiations of Uttar Pradesh, those of Kamali et al. (1986, 1994), and Kamali &
Mavalwala (1990) on Iranian populations, those of Reddy & Reddy (1992) on
Teingu populations of Andhra Pradesh, those of Malhotra et al. {1986 on 19 popu-
lations from Western India and those of Karmakar et at. {1989, 1996, Karmakar
(1990a, 1990b) on 20 Dhangar castes of Maharashtra.

In the last-mentioned 20 Dhangsr casies a comparison was made bebween dar-
matoglyphs, genetic markers and anthropometry, The results showed best congru-
ence between dermatoglyphic (particularly palmar) distances and such distances as
are based on geographic proximity and revealed by anthropometry. Thus, dermato-
glyphs ar¢ beneficial polygenic markers that aid in tracing prehistoric affinities of
populations, as suggested by Rife (1953) and by Froehlich & Giles (1981). The
benefits of dermatoglyphs purportadly stem from their phylogenetically more stable
characieristics rather than from any other biological a2tribute. Moregver, dermato-
glyhic lrails are more impervious to evolutionary and environmental forces than are
genetic markers or body measurements, Indeed the close resemblances between
Jewish populations in different couvntries of the world after 2000 years of diaspora
(Sachs & Bat-Minam 1957, Kobyliansky 1920) are a classical example of the
temporal stability of dermatoglyphic traits. Dermatoglyphics, therefore, is a study
that may enable the biological reconsiruction of human prehistory and is cerfainly
quite useful in fracing the ethnohisforical background of human populations (Reddy
& Reddy 1992).

Ackiowledgermnents

We would like to express our deep gratitude to all members of the farmilies included in this
analysis for their kind cooperation and patience during the data eollzetion. ‘This study was
partly supported by a Bi-MNational research grant, and by awards from the Intematicnal Post-
gradoate Training Foundation, Sackler Faculty of Medicine, Tel Aviv University, Israel, and
fromt the Department of Apavomy and Anthropology, Sackler Faculty of Medicine, Tel Aviv
University. We thank the metmioned grant foundations for their support.

References

Arrieta, M1, Tharrondo, M.A. & Lostao, C.M. (1987): Digital dermatoglyphics i the Basgue
population: Univariate and multivanate comparison with other Spanish populations. -
Amer. ). Phys. Anthrop. T3, 89-98.

Agrietg, ML, Mardnez, B., Simon, A., Satazar, 1. & Criado, B. {1990); Quantitative and
%;ﬂﬁmﬁw finger dermatoglyphics in the Basque valley of Urola, Spain. — Anthrop. Ana.

. 6584,

Arrieta, M1, Criado, B., Martinez, B., Simon, A., Salazar, L. & Lostac, C.M. (1891): Char-
actetization of digital dermatoglyphic featares in Salazer Valley: Companison with other
Basgque Valleys. — Ann. Hum. Biol. 18, 221-233.



Asymmeiry and Diversity of Dermatoghyphic Trails aBs

e

amieta, ML, Martinez, B., Nuiter, M., Gil, A., Criade, B, Telez, M. & Lostao, C.M. (1995):
a-h ridge count in a Basgoe population: Fluctuating asymmetry and comparison with other
populations. — Hum. Biol. 67, 121-132.

panerice, AR, & Banerige, D.K. {1975): Intercaste distance in decmatoplyphics n some
Bengalce caste groups. — Ind. I. Phys, Anthrop. and Fum. Genet. 1, 2539,

panegges, 5., Das. 5., Das, MK, Dey. B, Roy, M. & Mukhegjee, BN, {1992): Genelic
diffepentiation among the three Hindo low caste groups of Malda district, West Bengal,
[mdia. — Internat. J. Anthrop. 7, 7-15.

ghowmick, BK. {1963): The Lodhas of West Bengal: A Socioeconomic study. — Puthi Pustak
Publ., Calcuna.

Blangero, J. (1990): Population structure analysis using polygenic traits: estimation of migra-
tion marmices. ~ Hum. Bicl. 62, 2748,

Burdi, A.R., Garn, 8. M, & Babler, W], (1974): Grester female communalities in prenata)
kand and dental devclopment. — Arch. Gral Biol. 19, 461-466.

Census of Tndia (1951): The Tribaz and Cast=s of West Bengal, Govarnimen! of West Bengal,
Calculta. - West Bengal Government Press, Alipore, pp. 32-33.

Chakraborty, FL (1987} Biochemical heterozypasity and phenotypic variability of polygenic
traits. = Heredity 59, 19-28,

Chakraborty, R., Malhotra, X.C. & Tateno, Y. {1982} Variations on dermal ridges in nine
population greups of Maharzshtra, India. 1L Asymmetry and interdipital deversity. -
Amer. J. Phys, Anthrop. 58, 53-57.

Chakraborty, K., Walter, H.. Mukheriee, B.N., Malthotra, K.C.. Sauber, .. Banerjee, 5. & Roy.
M, §1986): Gens differentiation among ten endogamous grocps of West Bengal, India. -
Amer. J. Phys. Anthrop. 71, 205. 309

Chakraborty, B, Walier, H., Sauber, B, Mukherjec, B.M., Mathotra, K.C.. Banerjee, 5. & Roy,
W, {1987 [Imumunoglabuiin {Gm and Km} allotypes in nine endngamous groups of West
Bengal, Indiu. — Ao, Hum, Biol. 14, 153-167,

Crawford, M.H. & Duggirala, R {1992): Dhgital dermatoglyphic pattcomn of Eslamo and
Amerindian populetions: Relationships herween geographic, dermatoglyphic, penetic
and linguistic distances. - Hum, Biol. 6, 633704,

Comming, H. & Midlo, C. {1961): Finger prints, palms and soles. — Dover Publicabions, New
York.

Cas, MK, & Komar, S. (19970 Genetic regulation and effect of age-sex variation on Im-
munoglobulio levels. An investigation hased on a populatien study. — 1. Hum. Ecol 8, 383
390,

David, T.J1. (1984): Distribation and scx variation of the &-b ridge count. ~ Hum. Hered, 34, 7-
14,

District Gazetieers, Bengal (1909): 24-Parganas, West Bengal, — Secretariat Book Depart-
ment, Caicutta.

Dittmar, M. { 1998): Finger ridge count asymmetry and diversity in Andean Indians and :nter-
population compatisons, — Amer, I Phys. Anthrop. 105, 377383,

Dixon, JW. (1983 BMDF staristical software. — University of Califonia Press, Berkeley.

Doyle, W.1. & Johnster, Q. {19773 On the meaning of increated fiuchuating dental asym-
meiry: A cross-populationzl stody, — Amer, §. Phys. Anthrop. 46, 127-134.

Dutta, N.K. (1969} Origin and prowth of castg in [ndia, Yol. li. - Firma Kl.. Mukhopadhyay,
Calcutia.

Frochlick, . W. & Giles, E. (19817 A multiveriate approach o fnger prin! vanalion in Papus
New Guinea: Perspeciives on The cvolubomary stability of dermatoglyphic marksts, —
Amer. 1. Phys. Anthrop, 54, 93-106.

Gam, S.M., Nagy, .M. & Sandusky, 5.T. (1972): Differcnnal sexual dimarphism in bone
diamerers of subjects of Buropean and African ancestry.  Amer. I. Phys. Aothrop. 37,
127130,

Gam, 5.M., Swindler, DR & Minivis, BE (1975} The =ex difference in dimensions] com-
munelities in Macaca nemestrina. — Amer. J. Phys. Anthrop. 43, 19-22.



36  B. Karmakar, L. Malkin and E. Kobyliansky

Ghosh, G.C. (1982): Dermatogiyphics of the Naik Gond. - Amthrop. Anz. 40, 217-221.

Goodson, C.5. & Meicr, 1. {1 986): Eastern [slander palmar dermatoglyphics: Sexusl Jimorph-
ism, bilateral asymmetry and farmly palymarphism. — Amer. J. Phys. Anthrop. 70, 125~
132,

Guladi-Russo, E., Facchini, F., Brasill, E.G., Gruppient, G. & Pettner, I (1994} Digital and
palmar dermatoglyphics and the populaticn structure of the Upper Bologna- Apennine. -
Ann. Hum. Biol. 21, 519-532.

Halt, 5.B. (1951): The correlatbions between ridge-counts on different fimgers. — Ann, Eug. 16,
287207,

- {1939): The corelations batween ridge-counts on different fingers estimated from a po-
pulation sample. - Anr. Hum. Genet. 23, 459-460,

= {1961} Quantitative genetics of finger-print pattems. - Brit. Med. Bull. 17, 247-254.

— {1968} The Gencticy of dermal Ridges. — C. C. Thomas, Springheld/Hl.

Jantz, R.L. {1974): Finger ridge-counts and inter-finger variatnlity im Negroes and Whilcs, —
Hum. Biol, 48, 663-675.

-~ (1975): Population variation in asymmetry and diversity from finger 1o figger for digital
ridge-counts. — Amer. I. Phys. Anthrop. #4, 215223,

- (1977} Sex and race differences in finger ridge count comelations. — Amer. J. Phys,
Anthrop 46, 171.

Jantz, R.L. & Webb, R.S. {1980): Dermatoglyphic asymmetry as a measure of canalization. —
Ann. Hum, Biol. 7, 489403,

Kamali, M.3. & Mavalwala, J. (1990): Diversity of palmar pattern ridpe codnts m Iranian
populations. — Amer. J. Phys. Anthrop. 81, 363-373.

Kamali, M.5., Malhotra, F.C. & Chakraborty, R. {1984): Diversity in palmar pattern nidge
counts amang 12 Iranian populations. — Amer. J. Phys. Anthrop. 79, 443455,

Kamali, M.8., Katsabouriz, A. & Khanequah, A A {1994): The diversity of a-b ridge count
and nidge breadih in Iramian populations. — Anthrop. Anz. 52, 23-36.

Karev, G.B. (1990): Asymmetry and intraindividual diversity in digital dermatoglyphics of
Bulgarians. — Amer. I. Hum. Biol. 2, 63-73.

Karmakar, B. (1990a}: Distribution and population vanatien of towl number of palmar 1nizadn
among 28 Dbhangar castes of Maharashira, [ndia. = Intemal. J. Anllvop. 5, 255-2649.

= (1990b): Variabilily and asymmetry in main line index among 20 Dhangar castes of
Maharashtra, India. ~ In: Durham, N.M. & Plato, C.C. {eds.): Trends in dermatoglyphic
research. — Kluwer Academic Publishers, Dordrechs, pp. 6383,

Karmakar, B., Malhotra, K.C. & Marain, P, (1989} Palmar dermatoglyphic distance analysis
among 20 Dhangar castes of Maharashtra, India. — Anthropolegie (Prag) 27, 13-28,

Kamnakar, B., Vasuly, T.5., Malhowa, K.C. & Bhanu, B.V. (1996} Variaticn in paimar inter-
digital fidge-counts among the 20 Dhangar castes of Maharashira, Jndia. - Anthrop. Anz.
54, 239233,

Karmakar, B., Yakovenko, K. & Kobyliansky, E. (2001}: Sexual dimorphism: asymmetry and
diversity of 38 dermataglyphic treits in five endogamouns populations of West Bengal,
India. - Cali. Anthrop. 28, 167-187.

= — = {2002y Demnatoglypluc sexual dimorphism: finger and palmar gualilative charactiet-
istics in five endogamous populations of West Bengal, India. — Anthrop. Aoz, 60, 273-292.

Karve, I (1254): Anthropometric measurements in Kamataka and Orissa and 4 companson of
these two repions with Maharashira, — I, Anthrop, Scc. Bombay, No. 8,

Karve, 1. & Malhotea, K.C. (1968): A biological compansaon of eight endogamous groups of
the same rank. - Cumrenl Anthropology 9, 109.-124,

Knussmann, R. (1967%: Inteckormelationen im Haotleistensystem des Menschen und ihre
faktorsnanalytische Auswerntung, — Humangenetik 4, 2212473,

Kobyliansky, E. (199)). Gene pool as evidence of environmental adaptation of human popu-
lations: based on biochemical, dermatoglyphic and morphological i1kencss and differences
of the Jewish populations of the world. — Stad. Hum. Bcol. %, 37-62.



Axymmetry and Diversity of Dermatoglyphic Traits IB7

e

Kobyliansky, E‘].'& .].:I'."-"S!:Iit;,l G.hil 986} Apthropometric multivarizte structure z2nd dermato-
phic pecoliartiies m ochemically and m logically different heteroz 5.
El Fﬁmr. J. Phys. Amthrop. 70, 251-263, epeiapEy YRR

Kobyliansky, E. & Micle, 5. (1987); Dermatoglyphic sexval dimorphism in Mididle Egstemn
jews. — Bull. Mem. Soc. d'Anthrep. Paris, 14, 27 1-290,

- —~ (1988): Dermatogtyphic sexual dimorphism in East Buropean Jews. — Buil. Mem. Soc.
d'Anthrop. Puaris 15, 13-36.

- (lggfg;]ﬂemmﬂglyphic sexual dimorphism in North African Jows. — Internat. ). Antrop.
37 .

Kobyliansky, E., Micle, 5., Arensburg, B. & Nathan, H, (197%): Intra-individual variability
m{];; h;lla{,eral asymmeiry of dermatoglyphic ridge counts in Israeli males. - Coll. Antrop. 3,
107-111.

Krishnan, T. & Reddy, B.M. (1994); Geographical and ethnic variability of finger ridge-
counts: Bioplots of male and female Indian samples. — Aon. Hum. Biol. 21, 155-169,
Leguebe, A. & Vrydagh, 5. (1979): Worhl diversity of finger ridge-covnts in male popula-

ticns. — Coll. Antrep. 3, 225-233.

—— [1981): Geographic variahility of digital ridge-counts: principal component analysis of
male and female world samples, - Ann, Hum. Biol. §, 519-528.

Lin, EM., Enciso, V.B. & Crawford, M.H. (1983): Dermatoglyphic inter- and inlcapopuiation
variation among indigenons New Guinea groups. - 1. Hom, Eval, 12, 103123,

Livshits, G., Davidi, L., Kobyliansky, E., Ben-Amitai, D., Levi, Y. & Mesloh, P {1983}
Decreased developmental stability as assessed by fluctuating asymmetry of morphemetric
trairs in preterm infants. — Amer. 1, Med. Genes. 29, 793-805.

Livshits, G. & Kobyliansky, E. (1987} Dermatoghyphic traits as possible markers of devel-
apmental processes In humans. — Amer. J. Med. Genet. 26, 111-122,

- — (19389): Stady of genetic vartance wn the Nugtuating usymmetry of anthropometric traits. —
Apn. Hom. Biol, 16, 121-129,

~— (1991} Fluctoating asymmetry as a possible measure of developmental homeostasis in
humans: A review. — Hum, Biol. 63, 441-4453,

Ludwig, W. (1932): Das Rechis-Links-Problem im Tierreich und beim Menschen, — Springer-
VYerlag, Berlin, p. 4946,

Mahalanobis, P.C., Majumdar, D.N. & Rao, C.B. {1949): Anthropometric survey of the United
Provinces, 1941: A statisdcal survey. — Sankya. The [ndian J. Statistics 9, 39-324.

Majumdar, [D.N. & Rao, C.R. (1958): Race elemeats in Bengal. — Asia Publications, Bombay.

Malhatra, K.C. {(1987): Tekal fluctuating asymmerry variance of digital ndge-counts in man. —
Coll. Antrop. 11, 335-346,

Malbkotra, K.C. & Sarkar, B. {{984); Vanalion in finger vidge counts among 5 enidogamous
groups of Rajasthan, ~ lond. J. Phys. Anthrop. Hum. Genel. 10, 87-95.

Malhotra, K.C. & Sengupta, B. (1985): Absolute and fluctoating asymmetry of digital ridge-
counts among Hatkars of Maharashtra, — Man in India 6§, 139-153.

Malhotra, K.C., Karmakar, B. & Chopra, V.F. {1986} Palmar ridpe count variation ameng
ninetzen population groups from Western India, - Ind. J. Phys. Anthrop. Hum. Genet. 12,
191-202.

Malhotra, K.C., Sarkar, B. & Sengupta, B. (1987); Drigital count asymametry among five
endogamons graups of Rajasthan. - Iad. J. Phys. Anthrop. Hum. Genet. 13, 183-200,
Mavalwala, J.D. {1962): Correlation between ridge counts on all digits of the Parsis of India. -

Anr. Home. Genet. 20, 137-138.

- (1963). The dermatoglyphics ol the Parsis of India. - Z. Morph. Anthrop. 54, 173189,

Mavalwala, J.I'. & Huot, E.E. {1964} Finger and Paim Prints of the Micronesians of Yap. — Z.
Morph. Anthrop. 55, 11-23.

Micle, 5. & Kobyliansky, E. (1985} Dennatoglyphic distances belween lsraeli Jewish popu-
lation groups of different geographic extraction, - Hum. Biol. 57, 97=111.

= = (1986} Dermatoglyphic sexusi dimotphisto in lsraelis: Principal components and dis-
crimninant analyses applied to quantitative traits. — Hum, Biol. 58, 485-498,



388  B. Karmakar, L Malkin and E. Kohylianrky

Micle, §. & Kobyliansky, E. (1987); Dennawoglyphic sexual dimorphism in Yemenire Jews, —
Bull. Mem. Soc. Anthrop. Paris 14, 95-114.

= — (1991} Asymmetry and diversity of denmatoglyphics. - Homao 42, 21-42.

Mukherjee, BN, Das, S.K. & Kellermann, 8. (1974} Study of some gerum group systems in
the Mahishyas and the Muslims in 24-Parganas Distriet, West Bengal. — Humangen=tik 24,
27-32.

Mukherjes, B.N., Walter, H., Malhotra, K.C., Chakraburty, R., Sauber, B, Banerjee. 5. & Roy,
M. (1987} Population genetic study in ten endogamons groups of West Bengal, India. -
Anthrop. Anz. 45, 239-254.

Mukherjee, DLP. & Saha, K.C. (1970): Dermatoplyphics in normal Bengalee popuolation, — J.
Ind. Med. Assoc. 5, 45422,

Newman, M.T. (1950): Populational analysis of finger and palm prints in high land and fow
land Maysr Indians. — Amer. J. Phys. Anthrop. 18, 45-58.

Palt, H. & Adler, B. {1975): Anthropometiic measurements of the newbom, sex differences
and correlations between measuwremenls, — Hum. Biol, 47, 523-5330.

Parsons, PA. {1564): Fingeoprint pattern variability. — Acta genet. 14, 201-211,

Penrose, L.5. {1968); Memarandum on dermataglyphic nomenclatare, — Birth Drefects Q-
ginal Article Serjes 4, 1-.172.

F:m;&e. L.5. & Oham, ET. {1973): The development of epadermal ndges, - J. Med. Genet.
14, 101-208.

Perez, P. & Porras, A. (1990): Fsudio demaateglifico de la poblacion de Tomesampa (Cor-
doha). — Bol. Soc. Esp. Antropol. Biol. 11, 93-106.

Fons, 1. (1970): Genetica de los carateres dernopapilares: La sepacacion entre 1oz triradios
palmares a ¥ b — Trab. Antropol. 16, 11-18.

Reddy, B.M. (1992): Fiuctuating asymmetry and canalization: An appraisal based on a-b ridge
eounes among Indian populations with diverse backgrounds. - Awer. J. Hem. Biol. 11,
7331,

Reddy, B.M. & Reddy, BC. (1992} Dermatoglyphic affinitics anoog the Telugu popuiations
with conwasting ethnohistorical backgrounds, — Amer. I Hum. Biol. 4, 669082

Reddy, B.M., Senpupta, B. & Malhotra, K.C. (1985): Asymmetry and interdigital diversily in
ndge counls among fishermen of Puri coast: Population and sex variation. - Indian Anthro-
pologist 15, 127-150.

Feddy, B.M., Chopra, ¥.P, Karmakar, B, Malhotre, K.C & Muller, H (2000 Quapiittive
dermatoglyphics and population struchure in Morthwest India. — Amer, J. Hom. Biol. 12,
315-326.

Rife, Ix.C. {1953): Finger prints as criteriz of ethnic relationship. — Amer. J. Hum. Geoet. 5,
380399,

Risley, H.H. (1891}. Tribes and castes of Bengal. Ethnographic Glossary 1 and 2. - Bengal
Secretariat Press, Calcutta. Reprinted by Firma Mukhopadhyay, Caleutta.

- (1308); The People of India. — Thacker, Spink and Co., Londomn.

Rache, AFE, Siervogel, F.M. & Eoche, EM. ([979): Digital dermatoglyphics in a white
population from southwestern Ohio, - In: Wertelecki, W. & Plato, C.C. (eds.): Dermato-
glyphics Fifty Years Later. — Alan R. Liss Inc., New York, pp. 389 -409,

Rothhummer, F, Chakraborry, R. & Liop, E. (1977): A crllation of gene and dermatoglyphic
divergity al various levels of population differentiation. — Amer. J. Phys. Anthrop. 46, 51—
3.

Foy Chowdhery, A.K. {1984} Genetic relationships of Indian population. — in: Malhrtra,
K.C. & Basu, A. (eds.): Human Genetigs and Adaptation, Vol 7, - Indian Statisticzl
Institute, Calcutta, pp. 126-174.

Sachg, L. & Bat-Miriam, M. (1957): The genetics of Jewish populations i lsrael. — Amer, J.
Hum. Genet. 9, 117-126.

Salzano, M. & Benevides, ER. (1974): Fingerprint-ruantitative variation and asymmetry in
Brazilian whites und blacks. — Amer. I. Phys. Anthrop. 40, 325-328.

Siddiqui, M K A, (1979%: Muslins of Calcutta. — A.5.1. Publisher, Calcutta.



Asymmetry and Diversity of Dermatoglyphic Traits 380

—

singh, R.D. (1982): Digital ridge-count variations in some castes of India. — In: Progress in
dermiatoglyphic research. — Alan R. Liss Inc., New York, pp. 303-215.

singh, §., Sareen, K.N. & Goedde, H.W. {1974): Investigation of sume bicchemical genetic
markers in four endogamous groups from Punjab (N.W. India). L Protein and £hcyme
polymorphisms in sétum. — Humangenetik 21, 341-346,

van Valen, L. {1962): A study of fluctuating asymmetry. — Evolution 16, 125-142,

vona, G, & Porcell, P. (1983): Asymmetry and interfinger variabilitv of ridge counts in three
samples of Italian Population. — Call. Antrop, 7, 21-27. ]

Vrydagh-Laoureux, 3. (1971): Dermatoglyphics digitaux el paimaires d'un echatillon de
Bruxellois. ~ Bul. Soc. R, Belg. Anthrop. Prehist. 82, 213715,

Wwaddingtun, C.H. (1960): Experiments on canslizing selection. — Genel. Res. 1, 140-150.

Received Tune 3, 2004
Address for correspondence:

prof. Dy, E. Kobyliansky, Department of Anatomy and Anthropology, Sackler Faculty of
Medicine, Tel Aviv Universicy, Ramat Aviv — 69978, Tel Aviv, [srael.
E-Mail: Anstow 14 @post.tan.ac.il

Appendix 1
List of the utilized traits and indices:

(A} {B}
22 quantitative 36 traits, representing indices of intraindividual diversity and
lraits BIYmMMeEIry

Finger RC, Ir  Duv ] = max - min TRC (k) FlAs[ = [DivI-—DivII]
Finger RC, IIr Div 11 = maX - min fRC (rh) Fidas Il =PI, {th-1h]
Finger RC, IIIr DivIH = max - min fRC (both h) FlAs 01 = a-b, RC, [rh - Ih]

Finger RC, IVr DivIV =5 for Jh, (or §°L) Flas IV = kKR, [ih- k]

Finger RC. VI DivV = S? for th, (or 8°R) FlAs V = [Div V- Div IV]
Finger RC,I1 Div VI =5 (bothh) FlAs ¥I = [y VIT] - Div ¥II]
Finger RC, [I1 Biv VII = [TDL (tor 1h) BiAs VII = atd angle, [r—1]
Finger RC, 111 Div VIII = HDE (for th) FlAs X =I(RC, [Vr- V]

Finger RC, [¥1 Div1X = SyI0, (both b) FlAs XI = 1RC, [IVr-1V1]
Finger RC, V1 DivX =S5, (both h) FlAs XII = fRC, [Tl - TiLI)

Total RC (TRC) Div XI = Shanpons index FlAs X1 = fRC, [TIr - I

AbsRC DAzl =Div I -Div] Flas XIV = {RC, [Ir — T}

FIL, I DAsIE =Pl ch-1h FlAs XV1 = Al, asyrametry index
P11, th DAsII =abRC,r-1 Far technical reasons DAs VI 1X,
FII, both b DAsIV =hRC.th-1h XV, and FlAs VI, 1X, XV wer
ab RC, th DAsY =5.rh-Ih excluded from the analysis.

a-b RC, Lh DAs V1 = Div ¥III - Div VI Numeration of other traits were Jeft
A-line exit, h  DAs VII = atd angle, r -1 as originally for comparison with
A-ineexit, th DAsX =1IRC, ¥Vr-¥1 our findings in previous relevant
Drline exit, Th DAs XTI = RC, - IV1 publications.

Doline exit, ch DAs XI1 = fRC, e - 1101

MLI Das XTI = (R, Ir— i1

DAs Xi¥ =fRC, Ir- 1l

Abbreviations: RC = ridge coont; 1 = right; | = lefi; b = hand; PIl — Partem Intensity index;
ML] = main line index; Div 110 Div X1 = ipdices of inlmindividual diversity of finger ndge
counts; DAs I to Das XIV = indices of directional asymmetry; FlAs 11o Flas XV1 = indices of
fluctyating asymmetry.
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Appendix 2

Formulae for some indices of dermateglyphic diversity and asymmetey

Computation of the directional asymmetry (DA) was effecied by the {olkewing equatian:
DAjj = Xig = X

Computation of the fluctuating asymmetry (FIA) was done by using the absolute differences

between the bilateral measorements. In order o avoid additional influences of the directdonal

asymimetey, the values of the nop-absnlure differences for each individoal were correcied
{Livehits 2t ai. 1938) so as to yield the following eguation for eamputing FA:

FlA; = (X ~ Xa) — 1/ ) (X — X))
E=1

where X; = trait (X) of individual (i}; KL = right nnd left, n = size of the semple and FlA;; is
the value of FIA of twgit (j) in the i-th individual,
Div 1, Div 11, Div {TI. Maximal minus minimal finger ridge counts in the ﬁve teft (Div [),

five right (Div i), or in all the tan finger ridpe counts (Div III}. hv 1V, Div V = Z al — Q2 /5,
for the JeR {Dw TV, 5°L}. or right Sngers (Div V, $°R}); Div VI, §° = E q - 0}* a'm Div Vi,

Div VIl = V’Z[g Q3% /5, for the left (Div VII, IIDL}, or right ﬁngcr[Dw VI, IDR); Div

s Vio= qu — QF/10)/15; Div X, 8vE = Z I — Q2/5)/5;

im] im]

In these formulae, g, is the ridge count for the i finger, @ is (be sum of the five finger ridge
counts of & hand [Dw IV, ¥, ¥1I,VIL) or of all the ten fingers (Div ¥Y1L,IX, X), and k is the sum of
tidge counts of the i™* pairs of hum::-luguus right and left fingers.

Div X1. Shannon's index, D = ZP lopP; where P; is the frequency of each of the four

basic finger pattern types on the ten fingers; FlAs XV Al = }:{R — Li)¥, where R, und L

are the ridge counts for the i'™ finger of the right and left hand.

Appendix 3

The people and their history

Brabmins (Rarhi): In Indian caste hierarchy the Brahming stand at the top of saciety. In the
Rigveda the function and oceupation in life assigned 1o Bralumans are priesthood, knowledge,
and the teaching of things divine; simple living is the rule and they are divided into five main
sub-castes; Rarhi, Barendra, Vaidiki, Saptasati and Madhyasreni. That said, there are some
accounts in the Pauranic literatere sugpesting that several families of Rarhi Bralunin Gotra
may zetually be the progeny of an intermixing of Brahmin and non Brahmin (¢.g. Bagd: and
Kaibarta) ancestors (Dutte 1969, The likelihood of such gene admixtuzes is affirmed by
Chakraborty et al. {1986) and Mukherjee et ai. (1987), as based on seralogical and broche-
micel tnarkers. Rarhi Brahmins do not practice consanguineous marriage and ot present
intersubcaste marriages are not prohibited among them, nor are imerasie marriages unNcom-
mon. Rarhi Brahmins are predominant in West Bengal and their modeer tongoe is Beagah,
Cnar Rarki Brahusin gooup was sampled from the Howrah District of West Bengal.
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Mabisya: The Mahisya is a Benpali-speaking endogarous caste proup belonging to
middle aste status {Jal Chal) according to Hiﬁdu ca.s‘gtt hierarchy if Indlija, 'I'heidna%ﬁsyaﬂii
a large Hindu caste, indigenous to the deltaic districrs of West Bengal (Risley 1891, District
Gazetteers 190%), In some places the Mahigyas are known as Halia Kaivarias or Chasi
Kaivartas — an appellation deriving from the Kaivarta caste group whose main occupartion
s ﬂgi-iugulturna_amd 15 thus distingueished from the Jaiio Kaivartas {fishermen). At some point,
the Halia Kaivartas separated entirely, banning al intermarriages with Jalia Kaivartus, and
ultimately sncceeded in obtaining recognition as a distinct caste under the name of Mah:iwa,
Accordwig 10 ancient sources, such as Vajna-valkya' and ‘Gaslama’, the Mahisyas descended
from a Ksateiya father und Vaisya mother. ‘The population was sampled by us from the Howrah
District of West Bengal,

radmaraj: Padmaraj (Pod) comprises a scheduled caste (non-Jalchal) whose origin is un-
rertain. lts members may be descendants of 4 Vaisya father and Napit mother, if t¢ judge by
ancient lore. ‘The social status of pod is very low. They are a fishing, cultivadng group who
have also taken jobs as carpeniers, thaichers, etc. This population was sampled from the
Howrah distnct of West Bengal. Both the afore-mentioned groups belong 1o Jati Sudra, the
low and servile casts in the quadmiple grouping of Hindu caste system. This population was
sampled by us from the Howrah Distriet of West Bengal.

Muslim (Sunnd): Muslim belongs 1o religious comeunities. The early phase in the historical
development of the Muslim society of [siam involved only the Arabs, but in the later phase,
e Arabs canse in contact with Iranians, Africans, Tibetans, Chiness, etc. In West Bengat.
however, the diversity of Indian Muslims suggests their derivation from vanous segmenits of
the popuiace, including higher castes of the Hindu communsty, but particularly several lower-
czste groups that had converted to Islam (Siddiqui 1979). Languages or dialects of the local
Muslitns comform invariably to the regional pattern, so that Bengali-speaking Muslims pre-
dominate over the Urdu-speaking ones. There are two sectasian groups among Musling in
West Bengal, namely, Shia and Sunni. and each geoup is endogameous. The Sunni group was
selected for the present study because it is one of the largest sect in West Bengal, where its
members engage in vanous activides such as archilectural work, rade, tailaring, bookbinding,
agriculture, e1¢, This population was sampicd rom the Howrah District of West Bengal.

Lodha: The Lodhay wre a sinall tribal group mostly found in jungle wacts in the western part
of the Midnapore district but a few also in the Hoogly district. Risley (1908) described them as
allied to the Savara or the Sevar iribe of Mayurbhanja of the Orissa disinct The Lodhas, too,
prefer to declare themselves as “Savat™, (which is mentioned as Savari in the legend of
Aamayana), bt an Orya affiliation is also encoontered in their lenguage. They speak a
sorrupt Form of Bengali with some Qriya influence, The name Lodha was derived from the
Sanskrit word “Lubdhak”, meaning the people who are experts in making traps to capture
birds. Bath males and females participate in different economic activities, but maimly cultiva-
Gion and farming. Yet, even woday, the Lodhas still ply their traditiona! pursuit ¢collecting of
jungle produce like Arewood, as well as, honey, edible roots, fraits, tubers, birds, snakes,
fishes, ete. Fishing is an important occupation of the Lodha (Bhowmick 1943). They bave
bows and arrows and a variety of traps and snates for catching birds, hares, snakes, etc. Lodhas
regard (themsedves as Hindus of low rank, divided on the basis of totems inlo nine endogamous
clang that do not allow consanguinecus mamriage. This population was sampled from the
Midnapore District of West Bengal.
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