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ABSTRACT

Quantitative finger and palmar dermatoglyphics of 218 individuals (170 males
and 48 females) belonging to the Muzeina Bedouins from South Sinai
Peninsula. They are characterized with a high degree of consanguinity, a small
isolate nomadic tribe. 22 quantitative dermatoglyphic traits (12 finger and 10
palms) were considered in the present study. Except PII (non-significant sex
difference), the results of significant sex-differences of finger ridge counts
(TFRC), MLI are similar with the earlier studies in various populations.
However, the results of palmar traits reveal homogeneity which also presents a
common picture obtained in the earlier studies perhaps, due to the possible
role of environmental (prenatal) factors in the realization of dermatoglyphics
between finger and palm. The development of palmar dermatoglyphics has a
relatively longer growth period compared with fingers (Cummins 1929). Thus,
the palmar dermatoglyphic pattern of affinities corresponds better than fingers
to the ethno- historic background of the populations (Reddy et al. 1988,
Karmakar et al. 1989, 2002, 2008, 2010).
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INTRODUCTION

Several studies had demonstrated that dermatoglyphics are phylogenetically
more stable than other biological traits (Rothhammer et al. 1977, Froehlich
and Giles 1981). The fact that dermatoglyphic traits appear to be evolutio-
narily conservative renders them more reliable for studies of the historical
relationships of population components. Dermatoglyphic character has also
been suggested by Singh 1978 as the result of a biogenetic expression, rather
than physical environment, because dermatoglyphic features are formed before
the 19" week of gestation (Penrose and Ohara 1973) and thereafter are not
amenable to change due to age and/or environmental factors. Dermatoglyphic
characteristics thus permanently preserve an earlier stage of fetal development,
whereas most other biological characteristics are examined through postnatal
development. Thus, due to these important characteristics, fingerprint patterns
first attracted the interest of workers (see among others, Chakraborty et al.
1982; Karev 1991; Singh 198S; Devi 2000; Sengupta and Karmakar 2004;
Karmakar et al. 2005, 2008, 2011). It was also found long ago that the
application of proper statistical techniques, the genetics of quantitative aspect
of dermatoglyphics could be better demonstrated than the qualitative traits
(see among others, Bonnevie 1924; Newman 1930; Geipel 1941; Holt 1968;
Matsuda 1973; Singh 1979, Dittmar 1994). Furthermore in general, the
relative contribution of genetic and environmental factors to the phenotypic
variation of dermatoglyphics differs from population to population (Cummins
and Midlo 1961, Holt 1968, Kobyliansky et al. 1986, Kobyliansky and Livshits
1986, Arrieta et al. 1987, Karmakar et al 1989, Kobyliansky 1990, Crawford
and Daggirala 1992, Jantz et al. 1993, Demarchi et al. 1997).

In view of the well-known ethnic diversity of the populations from different
geographic areas, the main objective of the present article is (a) to provide
information of quantitative finger and palmar patterns in a small isolate with a
high degree of consanguinity, the nomadic tribe Muzeina Bedouins from South
Sinai Peninsula and (b) to compare the present result with our previous studies
on Indian populations (Karmakar et al 20022, b), the Chuvashian population
of Russia (Karmakar et al 2007, 2008) and Turkmenian populations (Kar-
makar and Kobyliansky 2010).
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MATERIALS AND METHODS

Sample and the analyses of prints

For centuries the Muzeina tribe inhabited the Sinai desert, which was especially
occupied by the Bedouins and they originated mainly from the Saudi Arabian
Peninsula (Hershkovitz 1985). The Muzeina tribe is characterized by strong
biological isolation, rarely the intermix and shows preference for first-cousin
marriages. The frequency of such marriages is 15% and the inbreeding
coefficient is 0.09. The sample contains data of 218 individuals (170 men and
48 women).

Finger and palmar prints were collected using the ink and roller method of
Cummins & Midlo (1961). The prints were mostly evaluated following
Cummins & Midlo (1961) and Holt 1968. Dermatoglyphic traits include the
total of 22 quantitative traits- 12 finger and 10 palms were considered in the
present study. Three types of finger patterns (UL, RL, and W) for finger ridge
counts RC) on 10 fingers with total, absolute ridge counts and the pattern
intensity index (PIL); and on palm a-b ridge count, a-b distance, the main line
index (MLI) and the mainline (A and D) terminations (MLT) were analyzed.
All the types of true whorls like concentric, single spiral, double spiral, acci-
dental, etc. and also all the types of composite whorls like twin loops, central
pocket loops, lateral pocket loops, crested and knot-crested loops are grouped
under the broad category of ‘whorls’. On the other hand, radial and ulnar loops
(RL and UL) were classified separately. The dermatoglyphic features were
evaluated and presented for each sex and each hand separately in order to
investigate both the sex and the bilateral differences.

The data were processed at the Tel Aviv University computer center, using
the computer programs described by Nie et al, (1975). The phenotypic
correlations between the studied finger ridge count variables were determined
in males and females separately. One way analysis of variance was used to
assess the statistical significance of the dermatoglyphic sex differences.

RESULTS AND DISCUSSION

Finger Dermatoglyphics

The pattern intensity index (PII) is little higher (Table 1) in females (15.03)
than in males (14.72) with very small bilateral differences. PII values in our

previous study (Karmakar et al. 2002a, b) in five Indian populations (ranging
from 12.98 to 13.99 in males and 12.42 to 13.74 in females) differ significantly
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between males and females. This result is corroborated with earlier studies in
diverse Jewish populations; they ranged from 14.07 to 14.50 in males and
12.93 to 13.42 in females (Cummins and Midlo 1927, Sachs and Bat Miriam
1957, Bat Miriam Katznelson and Ashbel 1973, Pereira et al. 1977), in the
Chuvashian population (Karmakar et al. 2008). However, the present results of
sex difference in PII are contradicted with all the above-mentioned earlier
studies of diverse Jewish groups, Chuvashians as well as Indian populations.
This difference may be due to a high degree of consanguinity of the nomadic
tribe Muzeina Bedouins.

Table1. Pattern intensity index (PII) by hand and sex in Muzeina Bedouins

Mean S.D. C.V. Mean S.D. C.V.
Hand Males Females
Left 7.31 1.82 24.83 7.55 1.63 21.56
Right 7.43 1.77 23.86 7.41 1.45 19.63
Both 14.72 3.42 23.24 15.03 2.80 18.62

Regarding the ridge count of pattern types in both sexes (Table2), the pattern
type with the highest mean ridge count is whorl (18.62 in males, 17.53 in
females), followed by the ulnar loop (14.12 in males, 14.07 in females), and the
radial loop (8.88 in males, 12.32 in females), Similarly, the CV of pattern types
increases from whorl to the ulnar loop and to the radial loop. The mean ridge
count of a pattern of a given type is greater in males than in females (Table 3)
for each finger with negligible differences. These results are similar to the above
mentioned studies. The ridge counts of individual fingers are presented in Table
4. The mean ridge count of the first finger (21.75 in males, 20.01 in females) is
invariably the highest among all the fingers, followed by the fourth finger
(15.87 in males, 15.06 in females), which is in agreement with Karmakar et al.
(20024, b, 2008; Karmakar and Kobyliansky 2010). The lowest values belong
to fingers II, III, and V. In all the fingers, the mean ridge count is greater in
males than in females with very minimal differences in finger II. The CV of
ridge counts is lower in fingers IV, V, and I and higher in fingers II and III,
respectively and supports the above earlier findings. The total finger ridge count
(TRC) is presented in Table S. TRC is greater in males (160.81) than in
females (155.96) for both hands, while C.V. is higher in females (24.02) than
in males (22.56), may be due to a greater variability of pattern types in females,
which corroborates the results of Kobyliansky and Micle (1988, 1989;
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Karmakar et al. 2008, Karmakar and Kobyliansky 2010). Therefore, we have
the same interpretation as suggested in earlier studies (Kobyliansky and Micle
1983, 1986) that the variability of TRC is conditioned by the frequencies of the
same genes that are responsible for the presence of different finger pattern

types.

Table 2. Ridge counts of finger pattern types by hand and sex in Muzeina Bedouins

Left Right Both Left Right Both

Hand
Males Females

Ulnar loop
Mean RC 14.09 14.15 14.12 13.42 14.62 14.07
S.D. 5.29 5.68 5.48 5.64 5.89 5.80
C.V. 37.57 40.16 38.85 41.99 40.28 41.20
Number 487 475 962 161 189 350
Radial loop
Mean RC 6.96 10.26 8.88 10.93 15.29 12.32
S.D. 3.97 5.38 5.08 5.12 4.35 5.21
C.V. 57.09 52.47 57.18 46.82 28.44 42.32
Number 25 35 60 15 7 22
Whorl (max-count)
Mean RC 19.01 18.22 18.62 17.72 17.34 17.53
S.D. 4.70 4.91 4.82 4.52 4.46 4.49
C.V. 24.72 26.92 25.88 25.51 25.73 25.60
Number 503 505 1008 195 183 378
Arch (RC = 0)
Number 22 14 36 7 6 13

RC= Mean ridge count
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Table 3. Mean ridge counts of pattern types depended on pattern location on individual
fingers by hand and sex in Muzeina Bedouins

Finger | Il 1]l \Y V

Pattern

types Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Males

UL 19.21 450 1205 4.97 1379 449 1200 485 1322 464

Left RL - - 579 315 750 354 1225 4.03 - -

W 2321 422 16.65 429 1788 3.87 1825 4.02 1759 3.89

UL 20.35 530 1239 5.06 1348 442 1215 473 11.83 4.44

Right RL - - 962 574 900 424 1320 421 1250 212

W 2326 415 16.14 392 1774 398 1740 4.16 1584 3.87
Females

UL 1753 3.79 1195 6.13 1330 535 986 490 13.00 5.35

Left RL - - 10.89 6.23 11.00 5.00 1150 212 10.00 -

W 20.72 428 16.52 411 1750 539 17.30 3.73 1563 3.80

UL 20.08 488 13.02 476 1450 5.05 10.00 537 1225 5.78

Right RL  20.00 - 17.00 - - - 15.25 4.03 9.00 -

W 21.06 4.00 1811 443 1675 384 16.76 4.00 14.84 3.63

Table 4. Ridge counts of individual fingers by hand and sex in Muzeina Beduins

Finger Left hand Right hand Both hands
Mean  S.D. CV. Mean S.D. C.V. Mean  S.D. C.V.

Males

| 2150 477 2217 2196 4.91 2235 2175 441 20.27

Il 13.17 561 4258 1282 596 46.51 1310 515 39.34

i 1486 504 3390 1456 4.82 3312 1466 447 3047

\Y, 16.14 537 3327 1578 511 3238 1587 4.81 30.32

\Y 1540 480 3116 13.97 457 3274 1462 445 3043
Females

| 1948 436 2239 2054 445 2166 20.01 411 20.55
Il 1351 589 4361 1408 626 4449 1366 549 40.21
1] 1459 568 3894 1477 514 3482 1471 500 34.01
v 1529 550 3594 1536 5.01 3263 1506 494 3279
\Y 1441 470 3261 1378 4.71 3420 14.05 433 30.83
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Table 5. Ridge counts of left, right and both hands by hand and sex in Muzeina Beduins

Sex Left hand Right hand Both hands (TRC)
Mean S.D. C.V. Mean S.D. C.V. Mean S.D. C.W.

Males 82.24 19.31 2348 7844 18.84 24.01 160.81 36.27 22.56

Females 76.95 20.80 27.03 79.57 19.97 25.09 155.96 37.46 24.02

Correlation coefficients between finger ridge counts are presented in Table 6. The
correlation ranged from 0.230 to 783 in males and from 0.241 to 0.826 in
females. However, these coefficients of correlation are not similarly high (0.722
to 0.817 in males and 0.744 to 0.846 in females) as those obtained in other
Jewish populations (Kobyliansky and Micle 1988, 1989) as well as in other
populations (Holt 1959, 1968; Mavalwala 1962, Singh et al. 1977). The corre-
lation ranged from 0.286 to 0.783 in males and from 0.292 to 0.776 in females
in the Turkmenian population (Karmakar et al. 2010) are also similar with the
present results. But the correlation ranged from 0.067 to 0.574 in males and
from 0.119 to 0.592, in females in the Chuvashian population (Karmakar et al.
2008) figures are lower than the above findings, it may be due to major ethnic
differences.

Table 6. Correlation coefficients of finger ridge counts by sex and hand in Muzeina
Bedouins

. Left hand Right hand

Finger

\% 1l Il I V \Y i Il |
| 0.374 0.248 0.261 0.230 0.681 0.340 0.271 0.301 0.290 -
Il 0.505 0.517 0.546 0.646 0.420 0.501 0.462 0.619 - 0.477
Il 0.537 0.633 0.649 0.569 0.367 0.570 0.650 - 0.677 0.407
v 0.618 0.717 0.643 0.473 0.340 0.640 - 0.703 0.674 0.366
\Y 0.783 0.654 0.505 0.513 0.369 - 0.588 0.520 0.573 0.241
| 0.432 0.328 0.433 0.390 - 0.404 0.517 0.552 0.524 0.705
Il 0.506 0.578 0.578 - 0.523 0.679 0.645 0.626 0.782 0.391
Il 0.499 0.611 - 0.647 0.552 0.608 0.751 0.719 0.691 0.451
\Y, 0.636 - 0.826 0.580 0.493 0.572 0.794 0.696 0.651 0.387
\Y, - 0.552 0.531 0.705 0.496 0.787 0.480 0.527 0.615 0.315

Males: Above and left of the diagonal.
Females: Below and right of the diagonal.
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Palmar dermatoglyphics

The main line index (MLI), angle ‘atd’ and a-b inter-digital ridge count are all
presented in Table 7. The mean value of MLI for both hands in males (8.42,
9.12) is higher than in females (8.24, 8.57). There are slightly greater MLI
values in the right hand than in the left one in both sexes, which reflects the
transversality of the palmar main lines, and sex- differences are not significantly
different. However, the angle ‘atd’ (88.89 in males, 91.43 in females) and a-b
inter-digital ridge count (79.60 in males, 81.33 in females) shows slightly
higher values in females than in males, which does not differ significantly.
These results are corroborated to those of Jewish populations (Kobyliansky
and Micle 1988), the Chuvashian population (Karmakar et al. 2008), the Turk-
menian population (Karmakar et al. 2010) and Indian populations (Karmakar
etal. 20023, b).

Table 7. Means and standard deviations of palmar dermatoglyphic traits by hand and sex
in Muzeina Beduins

. Hand Males Females
Trait
Mean S.D. Mean S.D.
Left 8.42 1.92 8.24 1.72
Main line index Right 9.12 1.89 8.57 2.00
Both 8.79 1.76 8.39 1.69
Left 45.03 10.12 46.03 8.08
atd angle (degrees) Right 4410 8.46 45.39 7.95
Both 88.89 16.09 91.43 14.15
Left 40.53 6.74 41.81 6.33
) Right 39.06 7.18 39.59 6.59
a-b ridge count
Both 79.60 12.71 81.33 11.71
Left 21.36 419 20.28 3.66
a-b distance (mm) Right 20.94 3.99 19.84 3.94
Both 42.30 7.73 40.08 7.22
Ridge breadth Left 0.529 0.089 0.490 0.066

Right 0.519 0.087 0.475 0.062
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Sex Comparison

Table 8 presents the sex differences of 22 dermatoglyphic variables by the
ANOVA test. The ridge counts on individual fingers regarding sex differences
are mostly uniform between the right and left sides. Finger I shows a markedly
significant difference (4.86 on right, 10.55 on left). Significant sex differences
(4.03) appear for total (TFRC) finger ridge counts, the main line A and D
terminations, but there are no significant differences on the palmar a-b ridge
count. Thus, compared to the finger ridge count, the results of palmar traits

Table 8. Comparison of 22 quantitative dermatoglyphic traits and indices in males and

females by ANOVA method in Muzeina Beduins

Trait Males Females Sex differences
Mean S.D. Mean S.D. F ratio  Sign.*(P)
Finger RC, I-r 21.96 4.91 20.54 4.45 4.86 0.03
Finger RC, Il-r 12.82 5.96 14.08 6.26 243 0.12
Finger RC, llI-r 14.56 4.82 14.77 5.14 0.10 0.75
Finger RC, IV-r 15.78 5.11 15.36 5.01 0.37 0.54
Finger RC, V-r 13.97 4.57 13.78 4.71 0.09 0.77
Finger RC, I-I 21.50 4.77 19.48 4.36 10.55 0.00
Finger RC, II-I 13.17 5.61 13.51 5.89 0.18 0.67
Finger RC, IlI-I 14.86 5.04 14.59 5.68 0.14 0.70
Finger RC, IV-I 16.14 5.37 15.29 5.50 1.35 0.25
Finger RC, V-I 15.40 4.80 14.41 4.70 2.24 0.14
Total RC 154.36 38.02 144.20 41.37 4.03 0.05
Absolute RC 215.93 79.58 201.04 76.30 212 0.15
PIl, Ih 7.31 1.82 7.55 1.63 1.00 0.32
PIl, rh 7.43 1.77 7.41 1.45 0.01 0.93
PIl, both h 14.72 3.42 15.03 2.80 0.47 0.50
a-b RC, rh 39.06 7.18 39.59 6.59 0.39 0.53
a-b RC, |Ih 40.53 6.74 41.81 6.33 2.60 0.11
A-line exit | 4.11 0.87 4.33 0.79 4.36 0.04
A-line exitr 4.11 0.96 4.03 0.93 0.43 0.51
D-line exit | 4.30 1.42 3.87 1.43 6.11 0.01
D-line exit r 5.00 1.30 4.64 1.48 4.99 0.03
Main line index 8.79 1.76 8.39 1.69 3.01 0.08

* The differences are statistically significant when P < 0.05
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reveal homogeneous character in nature. These results are similar to earlier
studies in various populations (see among others, Reddy & Malhotra 1985,
1987, Arrieta et al. 1990, Demarchi et al. 1997, Gomez & Martin 1992,
Karmakar et al. 2002, 2006, 2007, 2010). This difference between palm and
finger may be due to the possible role of the environmental (prenatal) factors
in the realization of the dermatoglyphic sex difference. The development of
palmar dermatoglyphics has a relatively longer growth period compared with
fingers (Cummins 1929). Thus, the palmar dermatoglyphic pattern of affinities
corresponds better than fingers to the ethno- historic background of the
populations (Reddy et al. 1988, Karmakar et al. 1989, 2002).
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