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ABSTRACT Fluctuating asymmetry (FA) is defined as random deviations
from bilateral symmetry of the body. Thus, its magnitude is often used to
evaluate developmental homeostasis. In this study we evaluate the following
hypotheses: 1) FA of dermatoglyphic traits has a significant genetic compo-
nent; 2) prenatal maternal environment (PME) has a significant effect on the
FA of dermatoglyphic traits in developmentally healthy individuals; and 3)
genetic or environmental factors affect FA on organismal or systemic levels.
Therefore, their effect is better seen in composite scores of FA rather than in
FA indices for single traits. We analyzed 15 dermatoglyphic traits from 140
pairs of monozygous twins, 120 pairs of dizygous twins, and 106 pairs of
mothers and daughters. All individuals were developmentally healthy. The
influence of genetic and environmental factors on FA was evaluated by
analysis of variance and regression analysis. For a majority of the traits in
our study, FA showed significant but weak heritabilities, with values falling
within the 0.20–0.35 range. None of the traits taken separately demon-
strated the effect of PME on FA to be significantly greater than zero. The
composite score of FA tended to have greater heritability values than indi-
vidual traits. One of them, obtained in principal components analysis,
showed a significant PME effect, supporting the hypothesis that FA is a
systemic property. Am J Phys Anthropol 111:531–543, 2000.
© 2000 Wiley-Liss, Inc.

Fluctuating asymmetry (FA) is defined as
small and directionally random deviations
from bilateral symmetry. It is commonly
used to evaluate developmental homeosta-
sis, which includes the ability of the organ-
ism to buffer environmental and genetic
perturbations and the ability to minimize
random developmental errors (Van Valen,
1962; Zakharov, 1989; Palmer, 1994;
Palmer and Strobeck, 1997; Livshits and
Kobyliansky, 1991; Fraser, 1994; Wilkins,
1997).

Since developmental errors are inevita-
ble, no organism is perfectly symmetrical. A
number of experiments have shown that

significant ontogenetic stress is associated
with an increase in the number of develop-
mental errors resulting in elevated FA
(Mooney et al., 1985; Siegel and Smookler,
1973; Siegel et al., 1977). In humans, high
levels of FA were documented for children
whose mothers had poor health status
(Kieser and Groenveld, 1994; Kieser et al.,
1997) and among individuals diagnosed
with some developmental disorders (Bar-
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den, 1980; Livshits et al., 1988; Rodewald
and Chopra, 1991; Mellor, 1992; Goldberg et
al., 1995, 1997a,b; Naugler and Ludman,
1996a, b; Thornhill and Møller, 1997;
Kobyliansky et al., 1997; Shapiro, 1983;
Møller, 1997).

Twin studies have shown that increased
dermatoglyphic asymmetry corresponds to
a higher interpair variability in a number of
behavioral tests as well as to a greater test-
retest instability (Rose et al., 1987; Bogle et
al., 1994a). Schizophrenia among discor-
dant monozygous twins resulted in a
greater interpair variability for FA of der-
matoglyphic traits when compared to unaf-
fected pairs of twins (Bracha et al., 1992),
while the degree of asymmetry was related
to clinical severity of disease (Mellor, 1992).
Studies of dermatoglyphic traits are partic-
ularly valuable with respect to developmen-
tal stability. The unique quality of these
traits is that once formed at the end of the
first and beginning of the second trimester
of embryonic development, they remain un-
changed through the individual’s life (Pen-
rose and Ohara, 1973; Gooseva, 1986).
Therefore, increased dermatoglyphic asym-
metry can be related to a nonspecific distor-
tion at an early stage of embryonic develop-
ment.

While the influence of developmental en-
vironment on FA is well-accepted, the role of
genetic factors in FA determination is de-
bated. Results of experiments and observa-
tions on the heritability of FA of different
morphological structures vary. Some stud-
ies have implicated an absence of any ge-
netic component (Thoday, 1958; Potter and
Nance, 1976; Leamy, 1997; Winding, 1998;
Corruccini et al., 1988; Corruccini and Pot-
ter, 1981); others have found significant
heritability values varying between
20–45% (Livshits and Kobyliansky, 1989;
Møller and Thornhill, 1997). Even within a
developmentally related group of traits,
such as dermatoglyphs, the data are contro-
versial. The heritability of the FA for a–b
ridge count was shown to be very close to
zero (Arrieta et al., 1993; Bogle and Reed,
1997), while the analysis by Hirth et al.
(1984) found limited genetic bases for the
FA of interdigital ridge count. The FA for
fingertip ridge counts and palm patterns ex-

pressed weak but significant heritability
levels (Singh, 1970; Polukhov, 1984; Martin
et al., 1982; Loesch and Martin, 1982), con-
trary to the study by Holt (1954) who impli-
cated purely environmental determination
for fingertip FA, based on interfamilial cor-
relations. Another source of evidence imply-
ing some genetic bases for dermatogliphic
FA comes from well-established differences
among populations (Jantz, 1975; Ditmar,
1998).

In the present study, we use samples of
palm prints of monozygous and dizygous
twin girls, as well as their mothers, to esti-
mate and compare the role of genetic factors
and developmental environment in FA de-
termination. All individuals were develop-
mentally healthy. Since dermatoglyphic
traits remain unchanged after the second
trimester of gestation, we can address the
influence of prenatal maternal environment
(PME) on the magnitude of FA. Twins, de-
veloping in the same uterus, are expected to
share certain stress factors such as mother’s
sickness or poor maternal diet. On the other
hand, sharing the same uterus can be a
stress factor. Also, twins and singletons do
not differ significantly by FA level (Markow
and Gottesman, 1989); the placental prox-
imity effect is known to increase the within-
pair variation among monochorionic twins
as well as twins with fused placentas (Bogle
et al., 1994b). If PME plays a more signifi-
cant role in FA determination than genetic
factors, we would expect the mono- and
dizygotic twins to have similar amounts of
within-pair variation by FA. If, to the con-
trary, the effect of genetic factors is stron-
ger, monozygotic twins should show a
smaller within-pair variation than dizygotic
twins.

MATERIALS AND METHODS

Samples and traits

We analyzed three samples comprised ex-
clusively of females, including monozygous
twins (140 pairs), dizygous twins (120
pairs), and mother/daughter pairs (106
pairs). Palm prints of these individuals were
kindly provided by the Anuchin Anthropo-
logical Museum, Moscow State University,
Russia. All palm prints were collected from
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genetically healthy people, living in Mos-
cow.

Palm and fingerprints were processed ac-
cording to the method described by Cum-
mins and Midlo (1961) and Penrose (1968).
Fifteen dermatoglyphic traits were obtained
from each print of the left and right hands,
respectively. These traits were then used to
calculate asymmetry indices:

1–5. Ridge counts on each digit (RC1–5)
were scored as the number of ridges
crossing the segment that connects the
triradius and the center of the finger
pattern. If more than one ridge count
was available for a finger, as in the
case of whorls or double loops, only the
largest one was used for further anal-
ysis. The ridge count of arches was
conventionally scored as zero.

6. Total finger ridge count (SRC) was calcu-
lated as the sum of the ridge counts for
five digits from the thumb to the fifth
finger.

7. The sum of radial triradii (Rtr) was cal-
culated as the sum of whorls, ulnar loops,
and double loops from five digits on each
hand.

8. Total sum of triradii for five digits (Str)
was calculated according to equation (1).

Str 5 U 1 R 1 2*~D 1 W!, (1)

where U, R, and D are the numbers of
ulnar, radial, and double loops, respectively,
and W is the number of whorls.
9–12. Line A, B, C, and D exits were deter-

mined as described by Cummins and
Midlo (1961).

13. Main palmar line index, or Cummins
index (Ic), was calculated as a sum of A
and D exits (Cummins and Midlo,
1961).

14. a–b interdigital ridge count (a–bRC)
was defined as the number of ridges
that cross a line drawn between triradii
a and b.

15. Interdigital pattern score (S) was calcu-
lated as the number of dermal ridges
included in the interdigital patterns. If
two ridge counts were available for the
same pattern, only the maximal one
was included.

Statistical treatment

Since systematic interobserver error be-
tween families might artificially inflate the
heritability estimates (Palmer and Stro-
beck, 1997), all palm prints were scored by
the same observer (E.A.P.). Random error, if
present, would result in somewhat lower
estimates of heritability. Repeated scoring
of the same set of 20 palm prints allowed us
to estimate the reliability coefficients within
the 96.4–99.8% agreement range for ridge
counts, and the 95.8–96.6% range for main
line exits.

The index of FA for each trait was calcu-
lated as the absolute difference between a
trait on the right and left sides of the body:

FAi 5 u~XiR 2 XiL!u, (2)

where XiR and XiL are individual values for
the trait on the left and right side of the
body. Indices of FA obtained in Equation 2
were transformed in order to bring their
distribution closer to normality by taking
the natural logarithm of the sum of FAi and
1.00. The minimum transformed index for
any dermatoglyphic trait equals zero.

It is possible that the direction of asym-
metry can be inherited. This could confound
the value of the FA index, since the devia-
tions from bilateral symmetry would be di-
rectionally nonrandom. To evaluate this
possibility, we also analyzed the indices of
directional asymmetry (DAi):

DAi 5 XiR 2 XiL. (3)

In order to weight the FA and DA indices
equally and remove any correlation with the
magnitude of the trait, the effect of size was
linearly removed by regression. The indices
of asymmetry were regressed on the sum of
the trait from the left and right hands, and
the standardized residuals were used in
subsequent analyzes. Hereinafter, the stan-
dardized residuals of FA and DA are re-
ferred to as FA9 and DA9 indices.

Indices of FA9 do not correlate with the
magnitude of a trait and have the same
means, which allows us to sum them to cre-
ate a total asymmetry index (TFA). Total
fluctuating asymmetry was calculated as a
sum of 15 FA9 indices for single dermato-
glyphic traits, according to Equation (4):
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TFA 5
1
k O

i 5 1

k

FAi, (4)

where k equals 14, the total number of in-
dividual traits in our study. Total ridge
count (SRC), being a composite trait of
traits 1–5, was not included in TFA.

Kruskal-Wallis analysis of twin dyads

Since none of the dermatoglyphic traits
has a continuous variation in the strict
sense of the term and because of the marked
departure from normality of the FA9 indices,
we used the Kruskal-Wallis nonparametric
method of analysis of variance for a conser-
vative test of significance. The null hypoth-
esis was that variation in FA and DA among
pairs is the result of random variation. This
hypothesis was tested by creating two re-
sampled FA groups by random drawing of
individuals from other pairs. Two sets of
resampled pairs, where each twin was
paired with a randomly selected twin of the
same zygosity, were created for the compar-
ison with mono- and dizygous twins.

The within-pair difference for each sam-
ple was calculated as:

2 p uFA19i 2 FA29iu (5)

and

2 p uDA19i 2 DA29iu, (6)

where FA19i and FA29i are values of FA9, and
DA19i and DA29i are values of DA9 for trait i
calculated for the first and the second mem-
ber of the pair, respectively.

The within-pair difference in twin sam-
ples for each trait was compared to that of
the control group by calculating an H-crite-
rion with the Kruskal-Wallis procedure.
The H-criterion is approximately distrib-
uted as x2 (Walpole and Myers, 1978).

Parametric analysis of variance and re-
gression analysis were used to obtain esti-
mates of heritability values.

Analysis of variance

Analysis of variance was used to estimate
broad sense heritability as:

h2 5
Vg

Vp
. (7)

Total phenotypic variance (Vp) can be pre-
sented as a sum of three components:

Vp 5 Vg 1 Vef 1 Vew, (8)

where Vg is genetic variance, Vef is within-
family environmental variance, and Vew is
within-group environmental variance. In
our study, Vew is associated with the PME
variation among families. In our study, this
component is due to differences in intra-
uterine environment among twin pairs.
These three components of phenotypic vari-
ance were estimated following the standard
twin model of Haseman and Easton (1970),
as modified by Christian et al. (1974, 1975).
The application of this model is only war-
ranted when total phenotypic variance
within mono- and dizygous twins is equal. A
smaller phenotypic variance among
monozygous twins might result in overesti-
mation of heritability (Corruccini et al.,
1988). The significance of the variance dif-
ference among mono- and dizygous twins
can be tested with the F9 criterion (Chris-
tian et al., 1974):

F9 5
AMS(MZ) 1 WMS(DZ)

AMS(DZ) 1 WMS(MZ)
, (9)

where AMS is the mean square among pairs
and WMS is the mean square within-pairs,
and MZ and DZ are subscripts for mono-
and dizygous twins, respectively.

Analysis of variance partitions AMS into
two components: factorial (Vf) and random
(Ve). Mean square within-pairs include only
Ve:

AMS 5 2 p Vf 1 Ve. (10)

WMS 5 Ve. (11)

When warranted by a nonsignificant F9 cri-
terion, Vf and Ve for mono- and dizygous
twins are found as:

Vf(MZ) 5 Vg 1 Vew 1 0.5Vef. (12)

Vf(DZ) 5 0.5Vg 1 Vew 1 0.5Vef. (13)

Ve(MZ) 5 0.5Vef. (14)

Ve(DZ) 5 0.5Vg 1 0.5Vef. (15)

These equations show that while pairs of
both dizygous and monozygous twins com-
pletely share a common uterine environ-
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ment, the former share on average only half
of the genetic material.

The broad sense heritability is by defini-
tion the ratio of genetic variance over total
phenotypic variance. Combining Equation 7
with 10–15, two alternative estimates of
broad-sense heritability can be derived:

h2 5
4 p ~WMS(DZ) 2 WMS(MZ)!

TMS (16)

h2 5
4 p ~AMS(MZ) 2 AMS(DZ)!

TMS , (17)

where TMS 5 0.5(AMS(MZ) 1 WMS(MZ) 1
AMS(DZ) 1 WMS(DZ))—an average total
mean square for two samples.

These estimates can be tested by F crite-
ria (Christian et al., 1975; Corruccini et al.,
1988):

F 5
WMS(DZ)

WMS(MZ)
(18)

and

F 5
AMS(MZ)

AMS(DZ)
. (19)

Equations 11–16 allow us to estimate two
other components of phenotypic variance:

Vew

Vp
5

AMS(DZ) 2 3WMS(DZ)

TMS (20)

and

Vef

Vp
5

4 p WMS(MZ)

TMS . (21)

Principal components analysis

Genetic or environmental factors are ex-
pected to affect developmental homeostasis
on an organismic or systemic level. There-
fore, the composite score of FA may be a
more adequate measure of developmental
disturbances than FA index for any single
trait. The average fluctuating asymmetry,
TFA, is a candidate proxy for the systemic
FA indicator. Another possible general indi-
cator of FA is one that is based on a
weighted sum of the traits. The weights can
be obtained as regression coefficients of the
trait’s score on a factor score. Factor scores
from principal components analysis are
based on correlations among the indices.

Principal component analysis was per-
formed on FA9 indices of pooled MZ and DZ
twins. In the context of our study, principal
components (PCs) are used as a linear
transformation of an original set of vari-
ables in order to reduce dimensionality.
Since the eigenvectors of a product moment
matrix are real-valued, the principal compo-
nents analysis does not require any assump-
tion of bivariate normality (Green, 1976;
Gower, 1966). In our case, univariate nor-
mality was approached by logarithmic
transformations of FA indices. The compos-
ite measures of FA were obtained as factor
scores of the first and second PCs. These
measures were evaluated according to the
twin model described in Analysis of Vari-
ance, above.

Regression analysis of mother-daughter
pairs

Indices of FA9 and DA9 for mothers were
regressed on the values of FA9 and DA9 for
their daughters. All 15 dermatoglyphic
traits plus their sum, TFA, were analyzed.
The narrow-sense heritability, which is the
ratio of the additive component of genetic
variance (VA) to total phenotypic variance
(Vp), was calculated, following Falconer
(1960), as:

VA

Vp
5 2 p b, (22)

where b is a regression coefficient in the
equation predicting the child’s asymmetry,
based on the magnitude of the mother’s
asymmetry.

RESULTS

Nonparametric analysis of twin samples

The results of nonparametric analysis of
within-pair variation are summarized in
Table 1. We used the Kruskal-Wallis test of
significance to compare the within-pair dif-
ferences of each twin sample with the resa-
mpled groups formed from twins of the
same zygosity. For the monozygous sample,
12 out of 16 traits showed significantly
smaller within-pair differences for FA9 at
the 0.05 level than would be expected in
randomly formed pairs. Six traits had H-
criterion P values less than 0.01. These dif-
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ferences might be a result of sharing of ei-
ther PME or genetic material, or both, by
monozygous dyads. However, 10 of 15 der-
matoglyphic traits did not show significant
differences in FA9 when the dizygous pairs
were compared to a random set. Two com-
posite scores of FA9 (SRC and TFA) and FA9
associated with main-line exits did demon-
strate significant differences. H-criterions
for both composite scores of FA9 are partic-
ularly high, with P values below 0.01.

Random within-pair variation of FA9
among dizygous twins indicates that genetic
factors have only a mild influence on its
magnitude, so that the amount of shared
genetic material within dizygous dyads is
insufficient to produce any significant dif-
ference from random fluctuations. These re-
sults suggest a prevalence of genetic factors
in FA determination over those of PME fac-
tors. The fact that TFA produced lower P
values than any of the traits taken individ-
ually for both samples supports the sugges-
tion that FA is a systemic property.

The DA9 of main-line exits also showed
significant differences from the control
group for MZ twins. Since the direction of
asymmetry of these traits may be under the
influence of genetic factors, it cannot be con-
sidered directionally random. This influence
may lead to overestimation of the heritabil-

ity of FA. We suggest that interpretation of
the heritability of FA of these traits should
be approached with caution.

Once significance of variance differences
was evaluated by a nonparametric analysis,
we proceeded with parametric analysis of
variance.

Broad-sense heritability estimates of FA
from twin samples

Criteria of F9 varied from 1.12–0.92 with
138 and 118 degrees of freedom, and de-
tected no significant differences in the total
phenotypic variance between MZ and DZ
twin samples for any trait, allowing us to
proceed with heritability estimates.

Table 2 presents broad-sense heritability
estimates obtained by averaging the two
heritability estimates from Equations 16
and 17. Nine out of 16 FA9 indices in the
analysis produced weak, but statistically
significant, estimates that vary from 0.20
for RC4 to 0.35 for SRC (Table 2).

Heritability indices of FA for finger-ridge
counts tended to increase from thumb to
fifth finger, so that heritabilities of FA9 for
RC1 and RC2 were not significant, and FA9
of RC5 had the highest significance. Herita-
bility estimates were also significant for FA9
of line A and B exits. As noted before, the FA
heritability for these lines may be overesti-
mated because of the presence of heritable

TABLE 1. H-criteria for Kruskal-Wallis comparison of
asymmetry indices of monozygotic and dizygotic twins

with the randomly formed pairs1

Trait
FA9 DA9

MZ DZ MZ DZ

RC1 01.99 00.05 00.15 00.04
RC2 03.50* 01.99 00.24 00.00
RC3 04.76* 01.35 01.13 00.00
RC4 04.89* 00.48 00.45 00.34
RC5 04.20* 02.46 02.30 00.18
SRC 09.51** 07.07** 00.24 00.16
Rtr 07.08** 00.18 02.98 02.35
Str 08.16** 01.34 01.14 00.26
Line A-exit 00.05 00.00 02.57 01.19
Line B-exit 05.99* 00.19 04.15* 03.00
Line C-exit 15.98** 05.92* 04.32* 02.18
Line D-exit 16.30** 06.14** 06.20** 00.45
Ic 05.41* 05.41* 05.14* 02.31
a–bRC 00.30 00.12 00.00 00.03
S 00.98 00.30 01.55 00.12
TFA 26.14** 08.00**
1 FA9, fluctuating asymmetry index; DA9, directional asymmetry
index.
* P , 0.05, 1 df.
** P , 0.01, 1 df.

TABLE 2. Results of ANOVA analysis for twin
samples1

FA9 Vp

h2 5
Vg/Vp Fg Vef/Vp

Vew/
Vp

RC1 1.00 0.12 1.14 0.84* 0.04
RC2 0.98 0.14 1.17 0.81* 0.05
RC3 0.99 0.22* 1.28 0.82* 0.00
RC4 1.00 0.20* 1.28 0.71* 0.09
RC5 0.99 0.28* 1.38 0.72* 0.00
SRC 0.99 0.35* 1.54 0.65* 0.00
Rtr 0.99 0.20* 1.25 0.80* 0.00
Str 1.00 0.24* 1.31 0.76* 0.00
Line A-exit 0.99 0.30* 1.43 0.70* 0.00
Line B-exit 0.99 0.23* 1.30 0.77* 0.00
Line C-exit 0.99 0.05 1.06 0.79* 0.16
Line D-exit 0.99 0.04 1.05 0.79* 0.17
Ic 0.99 0.05 1.06 0.80* 0.15
a–bRC 1.00 0.10 1.12 0.84* 0.06
S 0.99 0.14 1.16 0.86* 0.00
TFA 1.00 0.29* 1.41 0.71* 0.00
1 Heritability values (h2) are presented as average between two
estimates from Equations 17–18. For identification of variance
(V) measures, see text. FA9, fluctuating asymmetry index.
* P , 0.05, with 138 and 118 df.
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DA. The traits on the interdigital pads (a–b
ridge count and interdigital pattern score)
showed a complete absence of genetically
determined variation. The total fluctuating
asymmetry index had the second highest
heritability level, after SRC.

Without exception, the traits demon-
strated Vew indistinguishable from zero,
suggesting that the among-pair variation in
our samples cannot be explained by the
PME differences and comes exclusively
from genetic variation. However, for the FA9
indices associated with the main-line exits,
these estimates were higher than those for
other traits.

Principal components analysis of FA

A composite score of FA was produced
from factor scores obtained in principal com-
ponents analysis. The loadings produced by
the first four PCs are summarized in Fig-

ures 1 and 2. The first four principal com-
ponents account for 51.2% of the phenotypic
variation. Low eigenvalues might be ex-
pected as a result of the inherent indetermi-
nancy of FA measurements (Whitlock,
1996).

Fluctuating asymmetry indices associated
with main-line exits had high positive load-
ings on the first PC, while the second PC
loaded on the FA9 of finger-ridge count. Fluc-
tuating asymmetry indices for main-line exits
tend to have opposite correlations to those of
the rest of the traits. Particularly high load-
ings on PC2 were obtained by FA of those
fingers that had significant broad-sense heri-
tability estimates (see Fig. 1). The discrimina-
tion of palmar and finger FA indices by first
and second PCs implies two independent fac-
tors controlling their magnitude.

Traits whose FA9 received low or insignif-
icant heritability values (Table 2) tended to

Fig. 1. Factor loadings in principal components analysis. Factor 1 vs. factor 2.
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have zero loadings on the first two PCs, and
high loadings on the third and fourth (see
Fig. 2). This is true for the FA of a–b inter-
digital ridge count, interdigital pattern
score, and ridge counts for the first fingers.

Variance analysis of composite scores ob-
tained by the first and second PCs yielded
significant heritability estimates for the sec-
ond and third PCs but not the first and
fourth (Table 3). The first PC had a Vew
component that was responsible for 28% of
phenotypic variation, suggesting a signifi-
cant effect of PME on the variation of the
first PC.

Narrow-sense heritability estimated from
mother/daughter pairs

We applied regression analysis to the
mother/daughter pairs in order to measure
narrow-sense heritability (Table 4). Recall
that narrow-sense heritability measures ad-
ditive genetic variance only, and therefore is
expected to be lower than broad-sense heri-
tability.

Only six heritability estimates obtained
in the regression analysis were statistically
significant, all falling within the 0.21–0.40
range. The narrow-sense heritabilities of
FA9 for finger-ridge counts expressed ten-
dencies similar to those of broad-sense ones.
Heritability estimates of FA9 for RC4 and
RC5 were greater than those for RC1 and
RC2. Interdigital patterns show FA9 herita-
bility to be very close to zero in both meth-
ods. Pearson product moment correlation of
the heritability estimates obtained in re-
gression and analysis of variance was 0.55
(see Fig. 3), demonstrating a remarkable

Fig. 2. Factor loadings in principal components analysis. Factor 3 vs. factor 4.

TABLE 3. Results of ANOVA analysis of the factor
scores derived from the principal components analysis

Principal
component

% total
variance Vg/Vp Fg Vef/Vp Vew/Vp Few

PC1 22.83 0.02 1.03 0.70* 0.28* 1.38
PC2 12.10 0.36* 1.49 0.64* 0.00 1.00
PC3 8.14 0.30* 1.38 0.70* 0.00 1.00
PC4 8.08 0.18 1.22 0.82* 0.00 1.00
1 For identification of variance (V) measures, see text.
* P , 0.05, with 138 and 118 df.
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reproducibility of these estimates, by the
two methods in two different samples.

Contrary to expectation, five individual
traits in our analysis as well as TFA analy-
sis yielded narrow-sense heritability esti-
mates higher than the broad-sense ones. We
suggest that the influence of PME on these
traits results in elevated similarities be-
tween mothers and daughters that produces
overestimated narrow-sense heritability es-
timates. A similar effect of PME on FA was
observed in prematurely born children
(Livshits et al., 1988).

Narrow-sense heritability for DA indices
was found to be insignificant for the major-
ity of traits. However, it tended to be higher
among those traits associated with the
main-line exits, with three estimates reach-
ing the level of significance. The tendency
for most main-line exits to have a heritable
DA was also supported by a Kruskal-Wallis
test of twins (Table 1). The heritability es-
timates for all DA and FA values obtained
from regression analysis had zero correla-
tion (r 5 0.06), which does not support a
direct influence of DA genetic factors on FA.
Whether heritability of DA can indirectly
affect the heritability estimates of FA for
any specific trait requires further study.

DISCUSSION

The dermatoglyphic traits we studied di-
vide into three groups corresponding to the

pattern of covariation summarized by PCs.
1) Palmar-line exits and their derivative Ic
exhibited high positive loadings on the first
PC. Both fluctuating and directional asym-
metries of these traits have some genetic
basis. What is more important, FA9 of these
traits tends to have nonzero PME effect, as
suggested by narrow-sense heritability esti-
mates exceeding the broad-sense ones and
Vew/Vp ratios obtained in analysis of vari-
ance. When these traits are combined
within the first PC, the PME effect reaches
the level of significance and includes 28% of
the phenotypic variance. On the other hand,
the heritability of DA9 for these traits can
result in the overestimation of both genetic
and PME effect on FA. 2) The second group
includes the traits associated with finger-
tips, whose FA9 loaded on the second PC.
These traits exhibited significant heritabil-
ity estimates for FA9 in both the narrow and
broad senses, with values that tended to
increase from thumb to fifth finger. Similar
heritabilities of the FA for finger-ridge
counts were obtained in other studies and
varied between 20–44% among different
pairs of relatives in three other family stud-
ies (Singh, 1970; Polukhov, 1984; Martin et
al., 1982). Directional asymmetry of these
traits is not inherited. 3) This group in-
cludes two traits derived from interdigital
ridge counts a–bRC and S that did not load
on the first two PCs but loaded highly on the
third and fourth. These traits had particu-
larly low heritability estimates for either
FA9 or DA9 indices in our analysis, in agree-
ment with data reported by Arrieta et al.
(1993) and Bogle and Reed (1997), rather
than with those by Hirth et al. (1984). The
ridge count on the thumb, that also predom-
inantly loaded on the third and fourth PCs,
can be attributed to this group (see Fig. 2).

Some part of the explained variation in
FA was expected to be associated with dif-
ferences in maternal environment. To the
contrary, we find that the role of PME is not
significant for FA9 of any of the traits stud-
ied separately. The composite score ob-
tained from the first PC (Table 3) is the only
instance where the effect of PME was sig-
nificant. A stronger role of PME has been
demonstrated in studies from individuals
experiencing high developmental stress

TABLE 4. Results of regression analysis of mother/
daughter pairs1

Trait
FA9 DA9

VA/Vp SE VA/Vp SE

RC1 0.24* 0.20 0.00 0.21
RC2 0.00 0.21 0.04 0.20
RC3 0.12 0.20 0.00 0.24
RC4 0.26* 0.20 0.00 0.20
RC5 0.26* 0.18 0.01 0.20
SRC 0.34* 0.06 0.00 0.21
Rtr 0.02 0.80 0.00 0.23
Str 0.06 0.63 0.00 0.20
Line A-exit 0.21* 0.16 0.12 0.28
Line B-exit 0.18 0.20 0.24* 0.20
Line C-exit 0.16 0.38 0.18 0.19
Line D-exit 0.18 0.26 0.19* 0.18
Ic 0.08 0.21 0.22* 0.17
a–bRC 0.00 0.20 0.02 0.24
S 0.00 0.20 0.00 0.20
TFA 0.40* 0.15
1 FA9, fluctuating asymmetry index; DA9, directional asymmetry
index; VA, additive variance; Vp, phenotypic variance.
* P , 0.05, with 105 df.
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(Kieser et al., 1997; Livshits et al., 1988).
Children from mothers who smoke or are
obese had elevated FA (Kieser et al., 1997).
However, large differences between risk
and control groups were observed only with
the combination of the two risk factors. The
level of PME influence on FA9 observed in
our study suggests that the variation in de-
velopmental environment among healthy
twins was insufficient to produce any notice-
able effect on separate FA scores. On the
other hand, the competitive influences of
twins on each other could increase the vari-
ation within some pairs of twins (Bogle et
al., 1994b; Corey et al., 1979) and over-
shadow the PME effect.

The greatest portion of FA9 variation can-
not be explained by either genetic or PME
factors. Unexplained variation might also
arise from random developmental or mea-
surement errors, as well as of environmen-
tal factors that are beyond the control of this

study, such as interpair differences in pla-
cental attachment and embryonic position.

Another source of unexplained variation
may be the low developmental repeatability
of FA (Whitlock, 1996). The low repeatabil-
ity of FA results from the equal probability
that traits on the left and right sides will
deviate in the same or opposite direction
from the inherited value. Consequently, if
an individual organism had been given ad-
ditional chances to develop under the same
environmental conditions, the FA would not
arrive at the same value each time. An ex-
ample is helpful in order to illustrate the
low repeatability of FA. One can imagine a
factor f, that can be either genetic or envi-
ronmental, which causes the trait on both
the left and right hand to deviate from the
genetically predetermined value. The mag-
nitude of this deviation is a function of the
value of this factor. An organism under an
influence of the f-factor has four equally

Fig. 3. Comparison of broad- and narrow-sense heritability. Correlation 5 0.55.
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probable routes of development for every
trait: R 1 fL 1 f, R 1 fL 2 f, R 2
fL 1 f, and R 2 fL 2 f, where R and L
are the values of the trait on the right and
left hands that would develop in the absence
of the factor (Table 5). Only two of these
alternatives will result in an FA value dif-
ferent from zero. Therefore, while a nonzero
FA always indicates the influence of an f-
factor, a zero FA index does not signify its
absence. When a single trait is studied for
FA, only half of the individuals under the
influence of the same f-factor will produce
FA different from zero. However, if several
traits are affected by the same factor, the
average FA calculated for a number of traits
should approach the magnitude of that fac-
tor (Table 5).

In our study, the composite scores SRC
and TFA, as well as PC2 and PC3, produced
significant heritability values that are
higher than average for the individual traits
(Tables 2 and 3), as was expected. The PME
effect was statistically significant only in
the factor score of the first PC. An argument
has been made (Livshits et al., 1998) that
FA cannot be considered a systemic prop-
erty due to the low correlations among FA
indices for single traits. As was shown
above, the weak correlations among FA of
individual traits are expected according to
the low repeatability of FA. In our study,
the covariation among the FA9 of single
traits was sufficiently patterned to produce
factor scores with both significant heritabil-
ity and PME effects. Therefore, we propose
that the larger amount of explained varia-

tion in the first PC than in the FA of single
traits supports the hypothesis that FA is a
systemic property.

In the light of the inherently low repeat-
ability of FA, our heritability estimates ap-
peared to be unexpectedly high. A model
based on the assumption of normality of the
distribution of traits estimates the maxi-
mum possible repeatability of FA to be 0.64
(Whitlock, 1996). Since observed significant
estimates of broad-sense heritability for the
FA traits of the finger pattern group vary
between 0.20–0.35, the true heritability of
underlying developmental stability might
be higher, perhaps falling in the 0.31–0.54
range. Further, these heritability estimates
overlap considerably with empirically ob-
tained values for the heritability of other
anthropometric traits (Chen et al., 1990).
These values are even more surprising in
the light of numerous studies of morpho-
metric traits that have found FA not to be
heritable (Thoday, 1958; Potter and Nance,
1976; Leamy, 1997; Winding, 1998; Corruc-
cini et al., 1988; Corruccini and Potter,
1981). It is possible that, forming during a
limited period of time (Penrose and Ohara,
1973; Gooseva, 1986), dermatoglyphic
traits, unlike other morphometric traits, do
not have much time to be affected by differ-
ent environmental distortions in their phe-
notypes. In regard to other morphometric
traits, any weak effect of genetic factors is
overshadowed by environmental distur-
bances.

The high genetic diversity of the people
living in Moscow may also be responsible for
high heritability estimates. The magnitude
of fluctuating asymmetry is known to vary
among different ethnic groups (Kobyliansky
et al., 1979; Ditmar, 1998). Therefore, a ge-
netically mixed population such as Moscow
is expected to have high elevated diversity
and to produce higher heritability esti-
mates.

The heritability of FA could also be influ-
enced by genetic factors responsible for DA.
On the one hand, DA genetic factors could
increase the repeatability of FA by deter-
mining the direction of the deviation. Asym-
metry would thus cease to be directionally
random. On the other hand, it is possible
that some dermatoglyphic traits are deter-

TABLE 5. Influence of a hypothetical factor f on the
level of FA1

f 5 1 FA f 5 2 FA f 5 3 FA

R 1 1
L 1 1

0 R 1 2
L 1 2

0 R 1 3
L 1 3

0

R 1 1
L 2 1

2 R 1 2
L 2 2

4 R 1 3
L 2 3

6

R 2 1
L 1 1

2 R 2 2
L 1 2

4 R 2 3
L 1 3

6

R 2 1
L 2 1

0 R 2 2
L 2 2

0 R 2 3
L 2 3

0

Average FA 1 2 3
1 The rows can be considered four equally probable ways of
development for a single trait or a single hypothetical response
for each of four individual traits to the factor’s influence. L and
R are genetically designated values of the trait on the left and
right side, correspondingly. FA is the fluctuating asymmetry
index.
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mined somewhat independently on the left
and right hand, or are prone to be more
asymmetrical than others. Heritability of
FA would then be influenced by the herita-
bility of the dermatoglyphic trait itself
rather than the developmental stability.

The fact that genetic factors influence FA
more than PME makes FA an ambiguous
indicator of developmental stability. The
FAs of a–b ridge count and interdigital pat-
tern score would be good candidates for
PME indicators, since they are not herita-
ble. Unfortunately, FA indices of these
traits do not correlate with the first PC, the
only trait in our study that detected a sig-
nificant PME effect. The combination of
traits that did have high loadings on the
first PC can be suggested as better indica-
tors of PME.

CONCLUSIONS

Fluctuating asymmetry indices for the
majority of the dermatoglyphic traits in our
study had significant broad-sense heritabil-
ity. The narrow-sense heritability estimates
express similar tendencies, but they reach
significance in fewer variables.

The observed effect of prenatal environ-
ment on FA was weaker than that of genetic
factors, and was insignificant for FA of all
single dermatoglyphic traits. Weak PME ef-
fect may be a result of the small variation in
the quality of developmental environment
as well as competitive influences of the
twins on each other.

The composite scores of FA that are based
on a number of dermatoglyphic traits are
more useful in detecting genetic and envi-
ronmental influences, since they solve the
problem of the inherent low repeatability of
FA. Therefore, FA can be considered a sys-
temic property.
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