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DIGITAL RIDGE COUNT ASYMMETRY AMONG FIVE
ENDOGAMOUS GROUPS OF RAJASTHAN

K. C. Mulhotra, B. Sarkar and B. Sen Gupta

Abstract : The paper reports luctuating and absolute asymmelry as well as the measure
,/A-f in finger ridge counts among five endogamous populations of the Indian state of
Rajasthan. The mean values of \/F and the total signed asymmetry variance show greater

h Hy and less y among the Indian populations compared 10 the
Ei but more to the African populations. The limited data
from India Janu2's (19795 is that the variation in ssymmetry appears

10 be patterned along ‘racial’ lines.

INTRODUCTION

It is a well known fact that homologous parts in the same individus! often display differences.
When such bitateral structures show non-directional inequalities in size, it is termed develop-
mental noise (Waddi 1957y or fl y y (Van Valen 1962) ftis assumed
that the genetic information for both sides is the same and, therefore, the observed bilsteral
inequality at birth is attributed to i ine envil (Adams and Ni: der 1967). A
nuaber of studies in humans (Bailit er al. 1970, Doyle and Jokaston 1977) and in rats and mice
have demonstrated that stress, such 23 noise, cold (Siegel and Smookler 1973, Siegel and Doyle
1975). audiogenic and heat (Riesenfeld 1973, Sicgel er al. 1977) bring about increase in the

goitude of fi i

s Je

Although the exi of bil 1 asy tey in several d lyphic traits has long
been established (Cummins and Midlo [943), so systematic quaniitative studics began only
since 1954, Holt (1954) Grst demonstrated in a British sample of 254 males and females that

63.39 per cent of males and 66.67 per cent of females had moro ridges on sheir right hands.
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More recently a number of indices have been ad to ine bil
with respect to finger ridge counts. Holt (1954) used right-left difference as a measure of

y try. Aoother of asy y (A) 18 the summed absolute difference beiween
finger ridge counts in homologous digits (Parsons 1964), Singh (1968, 1970, used the mean of
the squared finger ridge count diff logous digits :

5
A =
v/ J Z(R, — Lyws
1=1

Jantz (1975) defined & measure taking the square root of squared differences between homolo-
gous digits :

5
JAY =JZ(R‘ Iy

i=1

Bilateral asymmetry can also be measured (a) taking into account signed right-left diffe-
rences separately for each finger ; the mean of the differeaces provides a measare of direc-
tional asymmetry, ond the variance of the difference evnlum the magnitude of fluctuating
asymmetry ( sz l979) and (b) taking into d (ab difference which
y y (Loesch and Marbin 1982)

Jantz (1978, 1979) studied fl ing and directional Y in finger ridge counts
among American Whites, American Blacks, Japanese and Bnlithers, while Hervey and Singh
(1980) studied the same among Waskia of Papua New Guinea. Loesch and Martin (1982)
studied both directional and absol y y among 221 pairs of twins and 80 pairs of

opposite sex siblings and concluded that both types of asymmetry were largely under environ-
meatal control, but with sigaificant genetic component, particularly in males,

All the above ioned studies, h. A idered only total finger ridge count and
not absolute finger ridge count.

Surveying literaturo it is also evident that although finger ridge counts have been reported
for over a hundred population groups from different parts of India (among others see, Singh
1961 ; Mavalwa'a 1963, Srivastava 1965, Sen 1968, Malhhtra ef al. [980) only one study
(Malb and S 1984) i igated directional and absolute bilateral asymmetry in
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ridge counts of individual digits umong the Hatkars of Maharashlra, It may, however, be
poted that Chakraborty and Malhotra (1981) and Chakraborty e al (1982) using Jantz's
method (,/A?) studied 'y among 29 populetions of Maharashtra state.

The intent of this paper is threefold : 1 i ) to report directional and absol y
as well as /A% in finger ridge counls among five endopamus population groups of Rajasthan
state in India ; ( ii ) to investigate all the three measures of asymmetry using total as well as
absolute finger ridge counts, and ( ii ) to compare the results of this study with the findings by
earlier investigators ( Jantz 1978, 1979, Harvey and Singh 1980, Loesch and Marun 1982 and
Maihotra and Sen Gupta 1984).

MATERIAL AND METHOD

The finger ball prints analysed bere were collected as part of an ongoing Joint Iado-Soviet
anthropological project during 1978-79 from Udaipur district i Rajasthan state. Among
other biologic and cultural data, bilatersl inked finger and palmar prints were also collected
from § endogamous populations — four caste Hindus (Palival Brehmin, Rajput, Oswal and
Meghwal) and a tribal group, the Bhil.  Prints of 500 males, 100 from each group aged 10 to
55 years, were obtained ; prints of 20 individuals, however, could not be utilized owing to
imperfect printing. The ridge counts of digital patterns were scored after Holt (1958). For
each digit both totat (TRC) and absolute ridge counts (ARC) were determined. Based on these
two measures of digital counts, directional (sigoed) and absolute (non-signed) right-left diffe-
rences as well as Japiz's ./A? were calculated ly for each finger and for the
whole band. The names of the five groups studicd and the sample sizes are given ip Table |.

RESULTS

1. Proportion of sy ic and ic individuals by digit

In Table 2, proportion of individuals by digit having ridge counts greater on the right or
left side or equal oa both sides, separately for cach group, are presented.

{n respect of TRC it is noted that the proportion of individuals with higher counts on the
tight side predominate in all the groups on digits I, 1T and V (except among Bhils). Digit ItT
(left) in all the groups (except among Meghwals) and digit IV (left) among Rejputs and Oswals
show preposnderance of individuals with bigher counts.

It is, thus, evident that the trend observed among the five groups is the preponderance of
individuals with greater counts on right hand digits I, 1I and V and higher couots oun left hand
digits 111 and {V. The distribution of 1ndividuals with counts highor on the right or left side
or equal on both sides on different digit is sigoificantly heterogeneous in all she five groups,
except for Meghwal and Bhil (sec Chisquare values in Table 2).
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In respect of ARC it is observed that all right hand digits, except digit 111, show prepon.
derance of individuals with greater counts. Like TRC the distribution of individuals with
counts greater on the right or left or equal on both sides on differeas digits is sigoificantly
'}".f{"if"m' among all the five groups, cxcept Oswals and Bhils (see Chi-square values in

able 2).

The proportion of individuals with right hand digits bavinga higher count than the left
band digits in decreasing order of magnitude for TRC and ARC are those for digits I, II, 1V
It and V and L, 1L, IV, V and II1, respectively.

1. Mesns and dard deviations of sb y
The means and standard deviations for each digit as well as whole hand, separately for
each group, in respecs of lute (unsigned) asy y for TRC and ARC are presented in

Table 3. The higheat mean asymmetry in respect of TRC is seen on digits L1 (in three groups)
and 1 {in two groups), while the lowest is observed on digits V (in three groups), IV and 1L
The mean y ind order of de oo different digits depicts heteroge-
neous pattern in the groups. The means of absol: y try are, h , significantly
heterogeneous on different digits iu all the groups (see F-valucs in Table 7).

When ARC is considered the highest mean difference is observed for digit I and the lowest
for digit V : this is true in all the five groups, The mean asymmetry, in decreasing order of
magnitude, on differeat digits does not reveal any uniform pattern ; the most prevalent
sequence obscrved, however, is 1> I > IV > It > V. The means oan different digits, as
in the case of TRC, are sigaificantly heterogeneous among all the groups (sec P-values in Table
N

An ination of dard deviadi in respect of TRC show that digits 11 (in three
geoups) and LI (in two groups) are most variuble, while digit V in all groups (except amoog
Bhils) is the least variable. The digits, in different groups, do not depict a consistent decreas-
ing or i ing orders : h , there is a tendency among the group to confirm the follow-
ing decreasing order ¢ 10> 1> IV > IIl > V, Tae dard ions of ab asym-
melry on different digits among all the groups, except Oswals (X = 7.78, p< 0.25 < 0.100),
are sigmficantly heterogeocous (ss Table 6).

When dard deviations of ARC are ined, it is observed that digit I is most vari-
able (in all the groups) and digit V (except among Meghwals) is the loast variable. There
appears to be a d in the migaitude of vari to i from digit V to I; ia
d ing order of magnitude the most preferred acquence appears to be [ > Il >IV > 11t

> V. Inall the groups the standard deviations on different digits are signifioantly heteroge-
neous by Bartlett's teat (sec Table 6).



DIGITAL RIDGB COUNT ASYMMETRY AMONG FIVE BNDOGAMOUS GROUPS 187

1L Means and dard deviations of directional v

1o Table 4 are presented the means and standard devistions for each digit as well ag whole
hand, separately for each group, in respect of directional (signed) right-left differcnces for both
TRC and ARC.

The highest mean directional asymmetry in the case of TRC is observed for digit I (the
only exception being Palivel Brabmins) and the lowest for digis 111 (the only exception being
Meghwals). Except for Meghwals, the means on different digils are significantly heterogencons
in all the groups (sec P-values in Table 8). Ani ion of dard d ions reveals that
digits 11 (in three groups) acd [1I (in two groups) are most asymmetric while digit V is the least
(the cnly exception being the Bhils). la all the groups, except Oswals the variances of asym-
metry on diffcrent digits are significantly heterogencous by Bartlett’s teat (see Table 6). There
appears to be & gradicnt of inCreasing asymmetry from digit V to 11

With reference to TRC the highest mean asymmetry in all the groups is observed on digit I
aad the lowest on digit LIl (with the ecception of Meghwals where it is digit 11). Except for
the Oswals tae meuns on different digits ace significantly heterogeneous in all the groups (see
P-values in Table 8). In all the groups, except Meghwals. digit [ is most asymmetrio and digit
V the least.  The variances of asymmetry on different digits [n all the groups, except Megh-
wals, ure heterogencous by Bartlett's test (see Table 6).

IV. Means and standard deviations of the VA,

1n Table 5 are given means and standard diviations of TRC. ARC and ,/A?, separately for
cach group. The means of /A% in respect of TRC do not depict wuch variation amoog the
tive groups , the minimum value of 7.34 is observed among the Rajputs and the maximum
(8.02) emong Patival Brahmins. Like TRC, the means of ,/A? in respect of ARC also do pot
show much variution amongthe five groups : the observed range is between 13.54 among Megh-
wal and 15.42 nmong Rajputs. The standurd deviations of /A% in respect of both TRC and
ARC also do not depict much variation between the groups.

COMPARISON AND DISCUSSION

The rank order of mean absolute ssymmetry on differeat digits in vespect of both TRC
and ARC observed in the present study do not fully agree with the results of Loesch and

Martin (1982), and Malhotra and Sen Gupta (1984), thus, suggesting the existeace of ethaio
differences.

The inter-digit variability in ausolute asy Y, &8 d by variances, in respeot of
both TRC and ARC also show departures from the carlicr resutta of Loesch Martin (1982)
20d Malhotra and Sen Gupta (1984).
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The present results that the greatest signed difference is for digit I and that on other digits
the differences arc usually Jow and ocassionally negative are in full agreement with the results
of Jantz (1979), Loesch and Mactin (1982) and Malbotra and Sen Gupta (1984). Jantz's (1979)
observation that digit V displays least asymmetry and digit i the most is pot fully corroborated
by the preseut results, In general, the present resulis support the finding of Jantz (1978, 1979)
that there is & gradient of i ing 8sy y from digit V to 1.

The means of the measure /A% in respect of TRC and ARC found in the present study
agree well with the results reported by Chakravarti and Malhotra (1981) and Chakraborty et ol.
(1982) among 29 populations of the Indian state of Maharashtra, Compared to the means of
JA® (RC) reporied by Jantz (1975) for Bastern Istand (8.17), Boglish (9.20) and American
Whites (8,98), the values obtained in the present study are relatively smaller (maximum value
being 8.02). This indicates greater inter-finger homogoneity and Jess Y among the
Ipdian populations compared to the ones tioned above. H Y p to the
African populations reported by Jantz (1975) the Indian popuiations depict slighily larger
values. Thus the Indian populations are less asymmetric than the European and Bastern
Island populations but more asymmetric compared to the African populations.

In order to und d the jtude of fl i y, Jantz (1979) computed
an overall ion of tbe asymmetry by ing the variances of the individual digits.
Jantz examined the total asymmetry variance among 15 samples of different etbnic origins and
concluded that the asymmetry was patterned along racial lines : Puropeans and West Asians
are characterized by high asymmetry and Africaa p: ions by low y ; Bast Asia
and probably Oceania tend to occupy intermediate values.

Ia Table 9 are set out the available data on total signed asymmetry variance among diffe-

rent populati Al her, including the present 5 samples, such data are now available on
24 populatioas.
ftis hy that iderable h geneily is noticed among tue 8 populations from

India ; the observed range is between 61.94 among the Bhils to 93.75 among the Parsis. While
some populations like Parsis, Hatkar, P. Brahmin aad Rujput approach European populations,
others like Bhil aro closer to the African populations. In view of the ethmic divessity of the
lndian populations such a result js not altogether surprising. It is well known that Parais in
India are immigrants from Iran and came to India io the 7th century A. D. Seversl of the
caste Hindus alse depict etbnic affinities with weat Asia. The tribal Bhils represent an earlier

hth ethoic el t. The limited data from Iodia, thus, further substantiates Jantz's
bypothesis that the variation in asymmetry was patterned along racial lines.
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Tabie 3. [ data by groups,

sL No. of prints No. of Pri

b Population Colletied s
1 Palival Brahmin 100 98

2 Rajput 100 98

3 Oswal 100 97

N Meghwa! 100 %

s Bhil 100 97
Total 500 480
Table 2. F ion of ic and ional) i by digit among populations of

Rajasthan.
Asymmetry
Finger R > L R < L R = L
No. %) No. ) No. 1%
Palival Brahmin (males)

Total ridgo count?

1 60 61.22 27 21.58 n 1123
n 58 59.18 27 2188 13 13.27
m 13 33.67 54 .10 1] 1123
w 50 51.02 37 3725 1 n23
v 48 4899 36 3673 " 1428
Total 6 63.21 n 3265 o4 408

Contd........ouuveee
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Absolute ridge countd

1 62 6.77 26 26.53 10 1020
n » 60.20 30 30.601 ] 9.19
u 38 nmB 50 51.02 10 10.20
vt 59 60,20 28 28.57 n a3
v 2 53.06 36 36.74 10 10.20
Total n 7245 26 2653 ot 1.02

2 2
1. X s = 23,28, significant at 1% level 20X s = 18.18, significant at 5%/ level
Rajpui (males)

Total ridge count!

1 61 62.25 27 21.55 10 1020
n ss 5642 25 2551 18 1837
11} 3 38,78 46 46.93 14 14.29
v n 3776 46 4693 15 1531
v 44 4449 41 41.84 13 1227
Tolal 58 59.18 kL] 3878 02 2%
Absolute sidge count®

1 65 6633 2 26.53 07 7.4
1 52 53.06 30 30.61 16 1633
u 38 k) 53 54.08 o7 1.4
v 50 s1.02 38 3878 10 10.0
v 48 4898 35 sn 15 15.31
Total 38 59.18 40 40.82 0 0.00

1 X3 2 23,39, significant at 1% level

2. X 3 = 2891, significant at 1% fevel

Contd.
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Contl.canciminnsn
oswal ueles)
Total rdge counld
L 64 6598 26 26.80 1 m
I 54 5567 H] 3196 12 12,37
m 37 3804 a4 50.52 1 1134
v ' a2 4 an 16 1649
v “ 45.36 3 36.08 1’ 18.56
Total 56 5113 3 314 o4 413
Absolute ridye count?
1 6 65.98 2% 2680 7 2
n 56 1.7 2 32.99 9 9.28
n H .30 47 48.45 % 825
v 4 50.51 4 an 7 12
v 48 4948 3 .18 n 1134
Total 67 69.07 n 2784 3 3.09
. X g = 23.50, significant at 19 level 2. X 28-. 1231, significant at 5% level
Meghwal (males)
Totsl ridge countl
I 56 6222 % 26.67 10 1
It 4 4555 38 3889 14 15.56
In a 4855 32 35.56 17 18.89
v 45 50.00 36 40,00 ] 10.00
v 47 5222 » kTR 18 16.67

Tota) 5 65.56 30 333 o 14
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Contd....
Absolute ridge comn(d
| 62 68.89 n U4 06 667
n 42 46.61 36 40,00 12 0.3
m a 45.56 36 40.00 13 jreny
W az 4667 4 45.56 o7 m
v 0 55.56 2 nn 1 1222
Towl 8 64.45 3 2n 03 333
1. x 2 = 1006, nou-significant at 5% level 2. x 3 = 1736, sigoificant a1 5% lovel
BhIN (males)
Tots) ridge comnt!
1 5 5867 3t 3196 2 1237
n 48 49.48 3 39.10 i .
n 40 4.4 46 4142 1n 134
v 46 4142 Q 43.30 09 9.28
v k1) 38.14 4“4 45.36 16 16.50
Total 54 55.67 40 41.24 [ 1] 3.0
Absolute ridgecounts
1 55 56,70 34 35.05 03 825
n 52 5.61 3 4020 06 619
[ 39 40,20 50 5155 00 828
v 2 53.61 40 aAu s 518
v 43 433 42 43.30 12 jri)
Tols! 63 6495 33 34.02 o1 1.0}

1. x 2 = 979, nonlgnificant at 5% level

2. X3 < 1091, non-significant at 5% leve)
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Table 3. Means aad standard deviations of absolute asymmetry among fve groups from Rajasthan.

Population __L_limn_ . i\:illl-l(___ Oswsl Meghwal Bhil

Floger Maa  SD. Mao SD.  Man SD, Man SD.  Man  SD.
™R
1 320 251 32 241 383 23 300 240 308 232
u A 321 A2 309 290 268 N 288 3m 2
w 255 230 226 221 298 272 246 259 0 29
W 29 23 231 a1 263 246 290 238 235 198
v 268 21 200 165 2 2001 2N 1M 2y 2
Total 815 700 760 52 691 542 689 580 653 4S8
ARC
) 695 644 609 G668 S60 6I5 59 49 564 575
it 612 S3l 62 SS1  SO09 462 546 479 SIS 4N
Ill 361 342 44l a8l SO) 491 488 4l S5 4%
W 583 484 SI3 5S4 466 386 430 449 453 448
v 388 335 38T 375 400 365 361 SB® 360 3t

Total 1479 1129 16,40 126D 1343 1081 13.58 116 1303 9.86
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Table 4. Means and standard doviations of directional asymmeiry among five groups from Rajasthan.

Xm;3

P brahmin

Rajput Orwat Meghwal Bhil
Pinger Mean SD. Mean SD. Mas SD.  Meaa SD. Mas SD.
TRC
1 18426 1S3 37 19 39 13 3% 130 I
u 2 458 086 431 069 389 00T 424 OAS 4D
ut —04 341 —001 320 003 403 06 30 007 4%
v 033 340 —045 335 O 35T OI8 376 047 30
v 060 336 —015 260 005 312 03 2735 —08 319
Total 495 934 1% en 21 8M 13 83 128 1W
ARC
t AT a2 336 840 345 806 293 a8 290 71
u 240 02 L B3 208 655 014 126 L3 630
m —008 497 —05T 635 —004 07 019 SB3 —onm R
w 284 678 060 753 124 S —017 635 162 595
v 19 439 080 510 089 Sa5 087 555 —04 SOl
Total 997 1566 615 1974 8359 1495 3 1.4 S 1040
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Table 5. Means and standard deviations of TRC, ARC and ‘/ﬁ
Means Standard deviations
Population —_———
TRC /At ARC /a2 TRC /A2 ARC, /At
P. Brahmin 139.54 8.02 185.91 14N 4041 343 8.1 608
Rajput 14795 1734 206 64 15.42 40.68 3.368 8519 707
oswal 14318 1.9 193.32 14.07 38.87 358 80.76 6.6
Meghwa! 13778 1.52 183.60 13.54 41.61 39 989 609
#hil 143 34 782 190.6( 13.59 3993 32 PY 625
Table 6. Obiained values of X2 Barilett’s test of homogeneity of variances.
Directional Asymmelry Absolute asymmetry
Population
TRC ARC TRC ARC
P. Brahmin 14.68%* 4.93%¢ U 64.50%*
Rajput 26.65** 3197%* 39.65%* 3.26%*
Oswal 7.8 18.17%F 862 49.08%*
Meghwal 16.80%% 10.50% 20.56** 588
Bhil 18.24%* 18.74%% 18.05%¥ 0.5

* Sigaificant at 5% level

% Significant at 19 leve)
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Table 7. Analysis of Variaace : F-test for means of absofute right feft differences on differen digits for

TRC und ARC smong § groups of Rajasthan.

Population

F—Ratio

TRC
Palival Brahmin 4.41%*
Rajput 478%%
Oswal 299%
Meghwal 2.69%
Bhil 2.98%

% Significant at 59; level

**  Significant at 1% kevel

Table 8. Analysis of Variance: F-test for means of directional right-{eft differences on different digits

for TRC and ARC among 5 groups of Rajasthan.

Population

Palival Brabmin

Rajput
Oswal
Meghwal

Bhi{

F—Ratio
_—’l_ RC - ARC
7.A5%* 671*%
5.20%% 4,01%%
4.51%% 128
1.92 335%%
4.04%% 4.57%%

*% Significant ut 1% level
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Table 9. Total directional asymmetry variaace for different populations (maks)

" Asymmetry variance
Populstion — =

Ne. TRC ARC Source

Evrope or Evropean Extraction

American white 185 93.65 Jamiz 1979

German 400 920,10 Jantz 1979

English (1) 82§ 8599 Jantz 1979

English {2) 359 92.9) Janlz 1978

Polish 3 112.00 Loesch & Martin 1982
Aftica or Afriean Exteaciion

Quioco 89 58.60 Jantz 1979

Amcrican Black 102 56.96 Japiz 1979

Yoruba (Nigeria) 127 59.25 Jantz 1979

Hehe (Tanzaniny 107 59.89 Japiz 1979

Dogon 16y 76.94 Jantz 1979

Efe Pygmy 152 63,95 Jaotz 1979

Ginga 94 61.00 Jantz 1979
East Asia

Japanese %2 0.8 Jantz 19719
Oceagla

Easter istand 42 7802 Jantz 1979

Bougainvilie 675 87,83 Jantz 1979

Waskls 286 63.06 Harvey & Singh 1980

Contd.....
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Contd.. ......
India

Parsl 200 93.78 Janiz 1979

Iodiens (S. Africa) 97 .66 Jantz 1979

Hatkar (Mabarashire) 4an 84.09 28224 Malhotra & Sengupta {984

P. Brahmin (Rajasthan) 98 9101 245.13 Present study

Rajput (Rajasthan) 9 817 389.67 —do—

Oswal (Rajasthan) 97 65.56 223.50 —do—

Maghwal (Rsjesthan) 90 76.56 293.78 ~do—

Bhil (Rajasthan) 97 61.94 239.32 —do—
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