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ABSTRACT

The relationship between head form and climatic variation was investigated in

different tribal and caste populations of India. The magnitude of the cephalic index varies signifi-
cantly in different zones. In tropical zones, head form is longer (dolicocephalic), but in temperate
zones, head form is more round (mesocephalic or brachyeephalic), especially among Scheduled Tribes
(58T} and Scheduled Castes (SC) than among other castes. These trends possibly support a climatic
adaptation model in head form differences among ST and SC in India. Am..J. Hum. Biol. 13:626-634,

Environment is a major factor influencing
hiological and sociocultural adaptation in
man. Several morphological features, such
as stature, nose form, body build, head form,
ete., are affected by variable climatic
stresses (Weidenreich, 1945; Hulse, 1971).
Abhie (194 7) highlighted the work of Boas,
who derived evidence that environmental
changes can have effects on head form. Coon
{1955) and Beals (1972) obzerved an inverse
relationship between the cephalic index and
climatic factors and showed that the longer
head (dolichocephalic) is predominant in hot
climatic regions and the broader head (me-
socephalic or brachycephalic) 12 predomi-
nant in less hot regions.

Thus, cephalic index is apparently corre-
lated with climatic stress and follows the
ecological rules of Allen and Bergmann. It 1z
generally expected that under cold stress,
the most advantageous head shape would
be of a round type (brachycephalic), since
this most closely approximates the spherical
ideal. Under hot climatie conditions, a lon
head would be more advantageous. In ma]g-
ity, there are numerous exceptions to these
expectations.

While worldwide studies show significant
associations of changes in head shape with
respect to the climatic adaptation model,
can thiz be validated at the r%giunal level
with similar climatic variations? Such stud-
ies have been rarely attempted possaibly due
to paucity of data and difficulties in control-
ling and separating confounding factors
whosze influences might mask real differ-
ences due to climatic adaptation. However,
such an attempt may be worthwhile in a
microevolutionary investigation in order to
understand the influence of population struc-
ture variables and changes in head shape.

In this context, the Indian subcontinent
represents global climatic conditions in dif-
ferent regions and bears evidence of human
habitation since prehistoric times. This pre-
supposes a situation of climatic adaptation
and possible microevolutionary changes.
Though several studies have shown the op-
eration of microevolutionary phenomena
among the diverse populations of India in
different regions, both spatially and tempo-
rally, studies to investigate the overall bio-
logical changes using data of multiple popu-
lations are not many, especially with
respect to climatic adaptation. The influ-
ence of population structure variables in in-
vestigations of head shape associated with
climatic adaptation in India needs elabora-
tion becanse it leads to several hypotheses.
Due to historical reasons the population of
India shows wide diversity in terms of bio-
logical, cultural, and linguistic aspects. It
has several ethnic or tribal populations,
who are the original settlers, with little mi-
gration and admixture. These also repre-
sent different racial groups. A majority are
caste populations among which Scheduled
Caste populations are the lowest in hierar-
chy and are maritally izolated from other
populations. The other caste populations
show many cultural and biological similari-
ties, possibly due to migration and diffusion
processes. Therefore, it is necessary that an
investigation of head shape associated with
climatic adaptation needs to consider popu-
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lation structure. This situation prompts the
suggestion that, if there is climatic adapta-
tion of head shape, it should be more promi-
nent among ethnie, tribal, and Scheduled
Caste populations than among other Indian
castes or among a similar racial stock in dif-
ferent regions. Therefore, the purposze of
thiz study iz to investigate the validity of
the proposed climatic influence on head
shape in the Indian subecontinent with re-
spect to the ethnic and historical back-
grounds of the populations.

MATERIALS AND METHODS
Climatic regions

The Indian subcontinent represents a va-
riety of natural, geophysical, or topographi-
cal regions due to high mountains, a vast
seacoast, rivers, jungles, deserts, ete., with
their characteristic climates. They can be
divided into typical climate zones according
to whether they “generally possess a broad
uniformity in climatic conditions produced
by combined effects of climatic factors”
{Bhasin et al., 1992, p 17). Bazed on
monthly values of temperature and precipi-
tation, as per Kippen's method, the country
can be classified into eight climatic zones, in
three natural regions: the Himalayan
mountain complex, the Indus-Ganga-
Brahmaputra plain, and the peninsular pla-
teau. The eight zones are as follows: (1)
tropical savannah, (2) monsoon with a short
dry seaszon, (3) monsoon with a dry season in
the high sun period, (4) semi-arid and
asteppe climate, (5) hot desert, (6) monszoon
with dry winters, (7) cold humid winter with
a shorter summer, and (8) polar. The cli-
matic regions along with state boundaries

are shown in Figure 1.
Identification of populations

The data for the study has been obtained
from “People of India,” National Series, Vol.
X (1994). This is a anthropological survey of
phyzical and cultural identification of a
wide diversity of populations in India, and it
was conducted by the Anthropological Sur-
vey of India between October 1985 and
March 1992 The total sample of 643 popu-
lations from different dimatic regions {and
States) with data on mean cephalic index (or
head length and head breadth) were consid-
ered in the present study. From the name
and place of the caste or community that
was recorded, it was possible to link a par-
ticular population to its geographical loca-
tion, especially taluk and district, and con-
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sequently to a specific climate region. Thus,
the majority of the populations could be un-
ambiguously assigned to a climatic region.
However, in a few cases, the specific geo-
graphic location or the caste identity was
not available, but its climatic region could
be identified. These were some cazes where
the ethnic or caste identity was known, but
the place and climatic region was not re-
corded; such cases were excluded. The de-
tailed list of populations and their ethnic
and climatic affiliations iz available from
the authors upon request.

Mean cephalic indices were broadly clas-
sified as per standard anthropological meth-
ods as, dolichocephal, mesocephal, and
brachycephal, depending on the range of av-
erage index values: <750 | between 75.0
and 79.9, and =80.0, respectively. For each
climatic zone, the number, mean, range,
and standard deviations were caleulated,
and t-tests have been performed. The time
period of the data set spans 1870 to 1990.

The population structure of India consists
of tribal, caste, and religious or ethnic
groups. The data for the study were divided
into three categories: tribal population (ST)
who are presumably the original stock and
who are largely homogenous; Scheduled
Castes (SC) who are alzo natives and an-
cient and who are lower ranked castes; and
other castez (OC) which include various
castes and subcastes of Hindu Society.

The different types of head shapes (espe-
cially meso, dolicho, and brachy) as per the
average cephalic index of the three catego-
ries, 3T, SC, and OC, were identified, and
asgigned to geographic locations and also to
climatic regions. These are shown in Fig-
ures 2—4. Pairwise ¢-tests were performed
to test the differences in mean values of ce-
phalic index between two climate regions
for each ethnic population. Further,
ANOVA (one-way) was performed between
climatic regions (seven and three sepa-
rately) and for each population separately
{all castes, SC, ST, and OC).

Any study baszed on published data has
limitations that need to be addressed, and
the results of the analysiz should be inter-
preted accordingly. Limitations included
sample sizes and the number of populations
available in different regions. In some cases,
sample size was not adequate. In others, the
number of zamples for a region was small or
there were no data for some regions.
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Fig. 1. Different climatic regions in India as per Képpen's classification.
BESULTS highest mean index (79.95) oceurs in the

Table 1 describes the average cephalic in-
dex values of the Indian populations based
on the respective climate regions. Mean ce-
phalic indices vary from about 75.0 to 80.0
in seven of the eight climate regions. The

monzoon with dry winter type and the low-
est (75.16) occurs in the semi-arid-steppe-
type regions. However, in both cases,
sample sizes are small In other regions
where sample sizes are adequate, mean in-
dices also vary, possibly suggesting associa-
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Fig. 2. Average cephalic index of Scheduled Tribes in different climatic regions.

tion in absence of other confounding vari-
ables. The variability of mean cephalic
indices across regions iz about the same, ex-
cept where sample sizes are amall. The high
variance (3.36) in the casze of the monszoon

with dry winter region is due to the sample
from the Andaman and Nicobar popula-
tions, which are racially distinet from other
populations; thiz can be attributed to ge-
netic differences.
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Fig. 3. Average cephalic index of Scheduled Castes in different climatic regions.

two regions, hot and cold, the mean cephalic

The zeven climatic regions were coalesced
into three broad categories (Table 2). The
mean cephalic index is about the same be-
tween the tropical and monsoon regions,
while a higher mean cephalic index (77.04)
iz obzerved in the cold and polar regions.
When the data were further grouped into

index was significantly lower in the hot re-
gion {76.34) than in the cold climatic region
(77.31).

A comparizon of the results of paired ¢
tests between any two climatic regions
showed that 12 of 21 were significant (the
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Fig. 4. Average cephalic index of other castes and others in different climatic regions.

table not included). Of the 12 significant
values, those between the tropical savannah
and monszoon with dry winter and with
other regions were highly significant. Indi-
cez for cold humid winter with short sum-
mers showed significant differences with

monsoon with dry season in high sun period
and semi-arid and steppe climate only.
These results sugpest that mean cephalic
indices do show some significant differences
among climatic regions.

One-way analysiz of varance (ANOVA)
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TABLE I Cephalic index of all caztes and communities in different climatic zonez of India

Climatic zone Mo of samples Range Mean sD
Tropical savannah 04 69.39-57.13 T6.65 2.45
Monsoon {with short dry season) 50 67.10-82.049 75.68 2.54
Monsoon (with dry season in high sun) [ T228-77.24 76.30 1.51
Semi-arid steppe a0 71.12-50.19 T6.16 2.52
Haot desert - - —
Monsoon {with dry winter) 16 T74.33-56.11 TH.95 3.36
Cold humid winter (with short summer) 197 Gh.42-K2 24 T77.05 2. 58
Polar 10 72.20-53.10 T6.75 299
TABLE 2. Cephalic index of all castes and TABLE 3. Cephalic index of all caztes and
communities in the major climatic zones of India communities in hot and ecld regionz of India
Climatic No. of Climatic No. of
ZONE samples Range Mean SD zone samples Range Mean sD
Tropical 434 69.39-87.13 76.51 249 Hot 20 69.39-4H7.13 T6.34 2.52
Monsoon 102 67.10-86.11 76.36 315 Cold 223 69428611 77.31 4,22
Caold 207 649 42-53.10 T7.04 2.60

was performed to test the difference in ce-
phalic indices among the seven climatie re-
gions separately for all castes, ST, and SC
populations. The result showed significant
differences in the cephalic index among the
seven cimatic zones in case of all castes (F
= 11.3;df = 6, 637; P = 468 x 107'?) and
Scheduled Tribes (F = 19.1; df = 6, 346; P
= 287 x 10°'%). Similarly, ANOVA (one
way) was carried out in case of three broad
climatic regions separately for all castes,
ST, and SC populations. The result showed
no significant differences in cephalic index
between all castes (F = 2.8;df = 2, 641; P
= 0.061) but a significant difference in SC
populations (F = 34, df = 2 46; P = 0.043)
and in ST population (F = 12.0; df = 2, 350;
P = 895 x 10°%).

Ethnicity and mean cephalic index
Because the populations in the different

climatic regions are not homogeneous and
belong to different castes and ethnic en-
dogamous groups, some of the differences
could be due to sample heterogeneity. The
data have been, therefore, reanalyzed in
four categories separately: Scheduled
Trnbes, Scheduled Castes, other castes, and
non-caste groups. The Scheduled Tribes are
the original inhabitants with distinet cul-
tural, inguistic, and regional affiliation
with little migration and are different from
other populations.

Among different caste groups, Scheduled
(Castes are at the end of the caste hierarchy.
They are mostly land laborers located in a
particular region with little mipration and
admixture with other caste groups; they

form a distinet group. The different caste
groups (Brahmin, triya, Bania, and
Sudra) although they follow a separate en-
dogamy, show little physical and cultural
differences, and are possibly nonlocalized
and widely spread in different regions. The
fourth category comprises the religions eth-
nic minorities, especially Muslim and Chris-
tian populations with possibly historical mi-
gration and spread in to different regions. A
comparison of the mean cephalic index in
different climatic regions for each of the four
categories are shown separately in (Tables
4-6 and Figa. 2-4).

Among Scheduled Tribes (Tables 4ab,
Fig. 2), sample sizes for the monsoon type
with dry seaszon in high sun period, semiarid
and steppe type and polar type were small.
Even then , the polar type showed a high
index (76.83) that is different from that for
the monsoon type with dry season in high
sun period and semiarid and steppe type. In
the other four regions where the sample
sizes were comparable, the results showed
significant mean differences in the cephalic
index among regions. Populations in the
monzoon with dry winters and cold humid
winter with a short summer showed higher
indices {79.95 and 77.10) than populations
in tropical {75.58) and monsoon with short
dry seaszon (74 45). The variability across re-
gions iz the same except for the monsoon
with dry winters, which iz due to the inclu-
aion of Andaman and Nicobar populations.
The data were regrouped into three distinct
climatic regions. Both tropical and monsoon
climatez have the zame mean cephalic index
{75.52 and 75.99) which diﬂ‘er:?ﬁ:m the cold
humid-polar region (77.09).
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TABLE 4a. Cephalic index of Scheduwled Tribez in different climatic zones of India

Climatic zone Mo, of samples Range Mean sD
Tropical savannah 144 69.39-57.13 16.58 2.56
Monsoon {with short dry season) 38 67.10-52.049 T4.45 223
Monsoon (with dry season in high sun) 2 T2.28-35.00 T3.64 1.36
Semi-arid steppe & TL70-76.13 T3.76 1.91
Hot desert — - - —

Monsoon {(with dry winters) 16 T74.33-56.11 TH.95 3.36
Cold humid winter (with short summer) 140 T0.50-4H2.24 77.10 2,26
Polar 7 T4.90-453.10 T6.83 297

TABLE 4b. Cephaic index of Scheduled Tribez in
different climatic zones of India

Climatic No. of

ZONES samples Range Mean sD
Tropical 1449 69.39-87.13 15.52 227
Monsoon filid 67.10-86.11 T75.8949 4.93
Caold 147 70.50-83.10 T77.08 2129

Among Scheduled Castes (Table 5 and
Fig. 3), the available data were limited to
three climatic regions: tropical savannah,
monzoon with short dry season, and cold hu-
mid winter. The mean cephalic index de-
creases from tropical to monsoon to cold hu-
mid). In caze of other castes (Table 6 and
Fig. 4), tropical zavannah, monsoon with
short dry season, semi-arid and steppe, and
cold humid winter populations have compa-
rable sample sizes, but the results do not
indicate a clear trend. For example, popula-
tion in the tropical monzoon and mldp humid
regions have mean cephalic index around
77.00. In case of other ethnic groups, the

samples are too small.
DISCUSSION

The ecological rules of Allen and Bergman
applied to climatic adaptation in head shape
have been evaluated among world popula-
tions like for Africa by Hiernaux (1968), for
Furope by Crognier (1981), and for the
Mediterranean populations by Beals (1972).
These studies do not negate the climatic ad-
aptation model of head shape, though other
factors may also play a role. Ifso, can this be
investigated in a subcontinental situation
where similar climatic regions exist? India
presents such a situation. Possible con-
founding factors, especially related to the
influence of population structure variables,
marriage patterns, and migration, can be
considered. The present study has thus
tried to investigate the climatic adaptations
in head shape in different ethnic groups in
India. The results, with limited sample sizes
in some cases, do support such a possibility.

For example, the Scheduled Tribes who rep-
resent the original stock of India (suggest-
ing adaptation to the region) and little mi-
gration show a higher average cephalic
index in colder regions than in non-humid
regions. This is consistent with the climatie
adaptation model. In contrast, among differ-
ent caste groups, such changes are least ex-
pected due to their heterogeneous nature
and to admixture and migration in different
regions. Thus, it is difficult to observe an
assocation with dimatie regions; potential
associations may be masked or influenced
by population structure variables related to
migration and admixture.

e results sugpgest least assocation of
head shape in different eco-regions among
caste groups. In an early study investigat-
ing the brachyeephalization among Indian
populations, Guha (1935) observed a trend
toward broader mesocephals in the Eastern
and Himalayan regions, which extended to
the northeastern parts of India such as As-
sam, Nagaland, Manipur, Tripura, and
West Bengal, posaibly due to Mongolod el-
ements in these parts. Mesocephalic head
form iz seen in Western and Southern re-
gions of India except in Kerala, where it is
predominantly dolichocephalic. The present
results support the observations of Guha
{1935). Similarly, Sarkar et al. (1955)
showed that brachycephalics sweep across
the peninszula to the south Madras, except
along the Malabar coast. Because the data
are taken from published materials and the
time period spans from 1870 to 1990, the
influences of cultural, nutritional, and/or
economic changes are potentially confound-
ing.

Various hypotheses have been suggested
to explain the temporal trends in head
shape. It may be due to natural selection
{Henneberg et al., 1978). Bielicki and Welon
{1964) showed that long-headed individuals
have lower life expectancy than others,
while Olivier (1979) suggested dolichoce-
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TABLE 5. Cephalic index of Scheduled Caztes in different climatic zones of India

Climatic zone Mo, of samples Range Mean sD
Tropical savannah 24 73.07-50.54 T7.61 1.867
Monsoon {with short dry season) ] T4.10-79.60 76.04 2.06
Monsoon (with dry season in high sun) — - - —
Semi-arid steppe 1 - T8.86 —
Hot desert - — — —
Monsoon {with dry winter) o — — —
Cold humid winter (with short summer) 16 71908040 75.84 2493
Polar . — — —
TABLE &. Cephalic index of other castes in different climatic zonez of India
Climatic zone No. of samples Range Mean sD
Tropical savannah 1249 70.90-582.91 7749 2.13
Monsoon {with short dry season) 33 72.00-81.60 7700 2.30
Monsoon {with dry season in high sun) 4 75.50-77.24 76.12 0.67
Semi-arid steppe 24 71.12-50.19 76430 254
Cold humid winter (with short summer) 34 69.42-H1 .49 THHE 3.36
Polar 4 72.20 = 80.60 76457 J.44

Elemlic iz more susceptible to death from tu-
reulosis, plague, and small pox. In the In-
dian climatic context, the present data
suggest that the dolichocephalic head form
12 restricted to the semi-arid zone and alzo
that a broader head form is predominant in
cold regions. The absence of brachycephalic
{cephalic index > 80.0) in polar region in In-
dia may be explained by the fact that, com-
pared to other regions, the polar region iz a
very small zone and it was largely uninhab-
ited except in the Leh region of Kashmir by
Tibetan ethnic populations. Further, the
available data are limited to only a few
samples. The majority of populations in the
valleys of Kashmir have recently migrated
into the area over a century or two, which iz
probably not sufficient in the context of the
climatic adaptation model.
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