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ABSTRACT The present paper is on comparative study of pattern of body growth and respiratory functions among
Transhumant Gaddi (Brahmans and Rajputs) of Tehsil Bharamour, District Chamba inhabting Mid-Himalayan zone
and Settled Gaddi (Brahmans and Rajputs) of District Kangra inhabiting Outer-Himalayan zone. Broadly speaking, all
the groups do not show statistically significant differences between each other in most of the biological variables
studied, except Settled Kangra Rajputs, who have shown differences in certain biological variables, when compared
with Transhumant Bharmour Brahmans and Rajputs. These differences may be attributed more to socio-economic
conditions, physical environment and mode of existence and less to biological make up.

The present paper on “Age changes in
biological variables among Transhumant and
Settled Gaddis” is the ninth in the series of
“Genetic Studies of Pangwalas, Transhumant and
Settled Gaddis from Himachal Pradesh, India”.

AREA  AND  PEOPLE

Geographical Location

Himachal Pradesh is located in Northwest India
between about 31O and 33O northern latitude and
about 75O and 79O eastern longitude, It is bordered
by Jammu and Kashmir in the north, Punjab in the
west and southwest, Haryana in the south, Uttar
Pradesh in the southwest, and Tibet in the east.
The altitude of Himachal Pradesh varies, between
350 and 6100m above the mean sea level. Figure 1
demonstrates the geographical location of
Himachal Pradesh in India. This area is subdivided
in various field areas, which are Pangi Tehsil in the
Chamba District (Inner Himalayan Zone), Bharmour
Tehsil in the Chamba District (Mid-Himalayan
Zone) the Kangra District (Outer Himalayan Zone);
(Figs.  1 and 2.)

Chamba District

The Chamba District lies astride the Mid-
Himalayas, the touch on the fringe at one corner
and a bit of Siwalik range before the plains comme-
nce on the other side of the border. The geogra-
phical location of this district is between 32o10’N
and 33o13’N and 75o5’E and 77o33’E, respectively.

Tehsil Bharmour (32o11’ N-; 32o41’N-; 76o22’E-;
76o53’E) is situated south of Tehsil Pangi. Its total
area is 1,818.3km2, and it is inhabited by 29,944
individuals, 3,975 of them belong to Scheduled
Castes, 24,639 to Scheduled Tribes. The popu-
lation density was found to be 16 per sq km
(Census 1981). This area is inhabited by the
Gaddis, a migratory tribe. A majority of them
migrate before beginning of winter to the lower
hills of Kangra, Chamba, Mandi, and Gurdaspur.

Kangra District

The Kangra District (31o20’N and 32o58’N;
75o39’E and 78o35’E) is bounded in the southwest
by the district to Hoshiarpur, in the northwest by
the district of Gurdaspur of Punjab State, in the
north by the native district of Chamba, in the east
and south west by the districts of Kulu, Mandi
and Bilaspur, respectively. The Kangra District is
among others also inhabited by two groups of
Gaddis - the Settled Gaddis and the Transhumant
Gaddis, who are living here only during the
winters. Samples of both these groups are reported
in this study.

The Gaddis

The Gaddis are living mostly in the Chamba
and Kangra Districts of Himachal Pradesh, but
are administratively principally found in the
Bharmour Tehsil of the Chamba District. They
have migrated to these areas from plains (mostly
from Punjab) at various times because of the
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religious persecution. The Brahmans of the
Gaddis followed the Rajput Gaddis in order to
serve them as Purohits (priests) and they are still
continuing this. The original inhabitants of the
areas now occupied by the Gaddis are the Sipis,
Reharas, and Halis (Scheduled Castes), who had
been conquered later on by the Rajput Gaddis
(Hutchinson, 1910).

The Gaddis have been declared as a tribe
mainly for the purpose of development in view of
their social and economic backwardness. Anthro-
pologically, however, they can hardly be called a
tribe. There is some confusion nowadays, as
Brahmans and Sipis have also started calling
themselves Gaddis, because the members of
Scheduled Tribe and Scheduled Caste commu-
nities are entitled to financial benefits such as a
free education and medical care along with other
free subsidaries among other incentive as per
direction of the Goverment of India.

Agriculture and allied occupations such as
sheep and goat rearing, weaving and spinning of
wool etc. are the main occupations of the people
of Bharmour. Due to hard climate resulting in
heavy snowfall every winter the population of
Bharmour splits up and migrates to different
places in the Outer Himalayan Zone. When the
winter ceases down they again start migrating
back to their respective villages in the Mid-
Himalayan Zone. For this reason the population
of Bharmour is called “Transhumant”.

Thus, this Transhumant population of the
Bharmour Tehsil, Chamba District, lives for about
six months in the Mid-Himalayan Zone , and for
six months in the Outer Himalayan zone of Himachal
Pradesh, mainly in the Kangra District, but also to
some degree in the districts of Chamba, Mandi,
and Gurdaspur (Punjab State), see figure 2,

Due to this continuous migration since
generations from the Mid-Himalayan Zone to the
Outer Himalayan Zone some of the Gaddis have
now permanently settled in the Kangra District
(Outer Himalayan Zone). They are now about
15,000 in number (in year 1978). Thus, the Gaddis
of Bharmour and Kangra apparently are a single
population group, which split up many generation
ago. These two groups diverged culturally in
response to their different habitats. The historical
background set limits on the degree to which they
resemble each other. The common historical origin
has set limits to the degree to which people can
diverge culturally from each other in their adap-
tation to different habitats. Now, the Settled

Gaddis of Kangra live in much more beneficial
and congenial environment than the biologically
similar Transhumant Gaddis of Bharmour Tehsil.
Owing to better socio-economic status of the
Kangra Gaddis, they have not been given the
status of the Scheduled Tribe.

A number of studies on ecology, demo-
graphy, biology, socio-cultural aspects of Gaddis
have already been reported (Bhasin, M.K. et al.,
1982, 1983, 1986 a, b, c; 1991, 1995; Bhasin, V.,
1988, 1990 a, b, 1991; Bhasin and Bhasin, 1993,
1995; Bhasin V. et al., 1991, Singh and Bhasin,
1983; Singh et al., 1982)

In this paper results of 24 biological variables
studied on Transhumant and Settled Gaddis-
Brahman and Rajput boys (age 8+ to 19+ years)
have been reported. An attempt has been made to
compare the age changes in biological variables
among Transhumant Gaddis-Brahmans and
Rajputs of Bharmour Tehsil, Chamba District,
(inhabit the Mid-Himalayan zone altitude 2000-
2300 meters) and Settled Gaddis-Brahmans and
Rajputs of Kangra district (inhabit the Outer
Himalayan zone altitude 600-2000 meters) as
follows:
(1) to compare the population groups charac-

terised by identical physical environment,
socio-economic conditions and mode of
existence (Transhumant and Settled
respectively) but different biological make up
i.e., Brahmans vs Rajputs.

(2) to compare the population groups charac-
terised by different physical environment,
different socio-economic conditions, diffe-
rent mode of existences (Transhumant ver-
sus Settled) but similar biological make up
(Brahmans x Brahmans and Rajputs x Rajputs)

(3) to compare the population groups character-
ised by different physical environment, diffe-
rent socio-economic conditions, different
mode of existence (Transhumant versus
Settled) and different biological make up
(Brahmans x Rajputs)
The present comparative study may help to

understand the growth and development pattern
among Transhumant and Settled population
groups.

MATERIALS  AND  METHODS

A cross sectioal sample of 489 healthy appa-
rently Transhumant Gaddi Rajputs and Brahman
boys of Tehsil Bharmaur, District Chamba (264
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Fig. 1. Location of the Chamba and Kangra districts in Himachal Pradesh, North India.
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Fig. 2. Ecological zones of the Chamba and Kangra districts in Himachal Pradesh.
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Rajputs and 225 Brahmans) and 501 Settled Gaddi
Rajput and Brahman boys of District Kangra (289
Rajputs and 212 Brahmans) ranging in age from
8-19 years have been collected for the present
study.

From Kangra district only those Settled Gaddi
Brahmans and Rajputs have been considered for
present investigation, who have migrated from
their original place in Bharmour Tehsil and have
settled in Kangra district for at least 3-4 gene-
rations. Further, neccessary precautions were
taken to exclude those subjects who are marrying
with the Transhumant Bharmour Gaddis, to
specify or emphasize the biological and geogra-
phical isolation. Only thoseTranshumant Gaddis
are taken for the present investigation, who have
been in Tehsil Bharmour (Mid Himalayan Zone)
for at least 2-3 months or when the return
migration is completely over.

All the necessary precautions were taken to
collect the data on the subjects who are not
closely related in both endogamous groups from
Tehsil Bharmour, District Chamba and District
Kangra. The sample collection was carried out
from June 1976 to June 1979.

The categorisation of age groups has been
done as those subjects who have completed 8
years of age but one less than 9 years even by
one day are grouped under 8+ age group. Similar
pattern has been followed for each age group
from 8 to 19 years.

The anthropometric measurements have been
taken on each of the 990 subjects following the
standard technique of Martin and Saller (1959),
WHO Reports (1964); Singh and Bhasin (1968)
and Weiner and Lourie (1969).

Physiological measurements have been taken
following the techinques of Consolazio et al.
(1963) and Weiner nad Lourie (1969). Respiratory
functions have been taken on Collin’s nine litre
capacity respirometer. The list of biological
variables is given in Table 1.

Abbrevations used for the Poputation groups
under study are as follows:
TG = Transhumant Gaddis of Tehsil

Bharmour,  District Chamba
BB = Transhumant Gaddi Brahmans of Tehsil

Bharmour, District Chamba
BR = Transhumant Gaddi Rajputs of Tehsil

Bharmour, District Chamba
SG = Settled Gaddis of District Kangra
KB = Settled Gaddi Brahmans of District Kangra
KR = Settled Gaddi Rajputs of District Kangra

RESULTS  AND  DISCUSION

The magnitude of growth has been studied
on the basis of occurrence of distance and
velocity curves, adolescent spurts and growth
gradients.

Analysis of the present data on various
population groups i.e. Transhumant Gaddi Rajputs
and Brahmans and Settled Gaddi Rajputs and
Brahmans reveals that all the biological variables
is from 8 to 19 years, Skinfold measurements,
Pulse rate, Blood pressure are showing variation
in growth.

Biological Variables

Anthropometric Variables

(a) 1. Body Weight

The mean value of body weight shows a
continuous increase from 18.6±0.72 kg among
Bharmour Brahmans of age 8 years to a maximum
of 55.6±0.84 kg among Kangra Brahmans of age
19 years (Table 1). The distance curve shows that
Kangra Rajputs remain ahead of the other groups
from 8 to 12, 13 to 15 and 17 to 19 years of age.
The velocity curve shows multiple peaks for all
the four population groups. The adolescent spurt
ranges between 13 to 18 years. Maximum amount
of growth between 8 to 18 years is achieved by
Bharmour Brahmans (61.67 percent) and minimum
by Bharmour Rajputs (57.42 percent).

(b) Projective Height Measurements of the Body

Projective height measurements are showing
gradual rise from 8 to 19 years. Among the Gaddis,
the mean values of Stature, Height acromion, Total
lower extremity length and Sitting height show a
continuous increase from 116.0±1.45 cm among
Bharmour Brahmans, 91.3±1.33 cm among
Bharmour Brahmans, 61.9±0.95 cm among Kangra
Rajputs, 62.0±0.91 cm among Bharmour Brahmans,
respectively of the 8 years age group to a maximum
of 168.0±1.26 cm among Kangra Rajputs,
136.0±1.24 Kangra Rajputs, 92.3±0.75 cm among
Bharmour Brahmans, 88.9±0.59 Kangra Rajputs,
repectively of the 19 years age group. The dis-
tance curves show that Kangra Rajputs are much
ahead than other groups except for total lower
extremity length where Brharmour Rajputs and
Bharmour Brahmans surpass the other groups.
The velocity curves show multiple peaks for all
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the measurements in all the four groups. The
adolescent spurt ranges between 9+ and 18+
years. The maximum and minimum growth
achieved between 8 and 18 years are Bharmour
Brahmans 27.92 percent and Kangra Rajputs 26.79
percent for Stature; Bharmour Brahmans 30.33
percent and Kangra Rajputs 26.79 percent for
Height acromion; Kangra Rajputs 29.40 percent
and Bharmour Rajputs 25.74 percent for Total
lower extremity length and Bharmour Brahmans
24.80 percent and Bharmour Rajputs 22.87 percent
for Sitting height vertex, respectively.

(c) Breadth and Depth of Trunks

Breadth and depth measurements exhibit
gradual rise from 8 to 19 years and it has been
observed that the mean values varies between 8+
and 19+  years for Biacromial breadth is 24.3  ± 0.33
cm (Bharmour Brahmans) to 37.4 ± 0.38  cm (Kangra
Rajputs); for Bicristal breadth is 17.2 ± 0.27 cm
(Bharmour Brahmans) to 27.2 ± 0.31 cm (Bharmour
Brahmans); for Transverse diameter of chest is 17.2
± 0.22 cm (Bharmour Brahmans) to 26.7 ± 0.28 cm
(Kangra Rajputs) for Antero-posterior depth of
chest is 13.2 ± 0.25 cm (Bharmour Brahmans) to
21.1 ± 0.38 cm (Kangra Rajputs); for Height strenum
is 10.5 ± 0.18 cm (Kangra Brahmans) to 16.6 ± 0.19
cm (Bharmour Rajputs), respectively. The distance
curves show that Kangra Rajputs remain much
ahead of the other groups, in general, except the
Height strenum, where Bharmour Brahmans remain
ahead of the other groups from 9 to 13 years. The
velocity curves show multiple peaks for all the
measurements in the four population groups. The
highest peak (adolescent spurt) ranges between
13+ and 18 years. The maximum and minimum
growth between 8 and 18 years is achieved for
Biacromial breadth by Bharmour Brahmans (31.95
percent) and Kangra Rajputs (27.81 percent); for
Bicristal breadth by Bharmour Rajputs (33.34
percent); for Transverse diameter of chest by
Bharmour Brahmans (30.04 percent) and Bharmour
Rajputs  (26.08 percent); for Antero-posterior depth
of chest by Kangra Rajputs (30.33 percent) and
Bharmour Brahmans (27.50) and for Height strenum
by Kangra Rajputs (32.71 percent) and Bharmour
Brahmans (31.10 percent), respectively.

(d) Girths

Girth measuremtns show a rise upto 19 years.
The minimum (at the age of 8 years) and the

maximum (at the age of 19 years) observed for
varous girths are: for Head circumference from 50.8
± 0.36 cm (Bharmour Brahmans) to 55.5 ± 0.36 cm
(Bharmour Brahmans); for Chest circumference at
normal respiration from 56.0 ± 0.78 cm (Bharmour
Brahmans); for chest circumference at normal
respiration from 56.0 ± 0.78 cm (Bharmour
Brahmans) to 86.3 ± 0.83 cm (Kangra Rajputs); for
Chest circumference at maximum inspiration from
60.7 ± 0.73 cm (Bharmour Brahmans) to 89.5 ± 0.75
cm (Kangra Rajputs); for Chest circumference at
maximum expiration from 54.8 ± 0.70 (Bharmour
Brahmans) to 84.3 ± 0.69 cm (Kangra Rajputs); for
Upper arm girth from 14.2 ± 0.27 cm (Bharmour
Brahmans) to 25.3 ± 0.21 cm (Kangra Rajputs) and
for Calf girth from 20.5 ± 0.76 cm (Bharmour
Brahmans) to 32.9 ± 0.26 cm (Kangra Rajputs),
respectively. The distance curves show that, in
general, in all the age groups, Kangra Rajputs
remain ahead of the other groups of the present
study, whereas velocity curves plotted for all the
four population groups exhibit multiple peaks.
Mostly adolescent spurts are observed between
16 and 17 years. The maximum and minimum
amount of growth achieved between 8 and 18 years
for Head circumference is by Bharmour Brahmans
(5.94 percents) and Kangra Rajputs (3.49 percent);
for Chest circumference at normal respiration is by
Kangra Rajputs (29.67 percent) and Bharmour
Rajputs (28.39 percent); for Chest circumference
at maximum inspiration is by Kangra Rajputs (27.94
percent) and Bharmour Rajputs (24.09 percent);
for Chest circumference at maximum expiration is
by Kangra Rajputs (29.77 percent) and Bharmour
Rajputs (25.89 percent); for Upper arm girth is by
Bharmour Brahmans (36.10 percent) and for Calf
girth is by Bharmour Brahmans (31.45 percent) and
Bharmour Rajputs (29.55 percent), respectively.

(e) Skinfold Measurements

Skinfold measurements at Biceps and Triceps
are showing variation in growth among all the
four population groups studied. Skinfold at biceps
and triceps show, in general, 100 percent growth
at 8+ years. The adolescent spurt ranges from
10+ to 18+ years, in general.

B. Physiological Measurements

(a) Pulse Rate and Blood Pressure

Pulse rate shows almost stationary values i.e.,
it is showing minimum changes with age from 8
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to 19 years. Systolic blood pressure shows
gradual rise from 8 to 19 years, where as dystolic
blood pressure is showing variation in growth.
Pulse rate and blood pressures show occurrence
of adolescent spurt between 9 to 19 years and
are showing wide range.

(b) Respiratory Functions

The respiratory functions show a continuous
increase from 8 years age group to 19 years age
group as follows: for Forced vital capacity from
1380±44.06 ml (Kangra Rajputs) to 4504±121.03 ml
(Bharmour Brahmans); for Forced expiratory
volume Ist second from 1315±52.91 ml (Kangra
Brahmans) to 4054±89.83 ml (Bharmour
Brahmans); for Maximum voluntary ventilation
from 50.2±2.28 lit/min (Kangra Brahmans) to
142.0±3.60 lit/min (Bharmour Rajputs). The distance
curves show that Bharmour Brahmans remain
ahead of other groups for Foced vital capacity
and Forced expiratory volume Ist second whereas
for Maximum voluntary ventilation, Bharmour
Rajputs are ahead. The velocity curves exhibit
multiple peaks. The adolescent spurts are observed
between 13 and 17 years. The maximum and
minimum growth achieved between 8 and 18 years
for Forced vital capacity is by Kangra Brahmans
(64.93 percent) and Bharmour Brahmans (58.97
percent); for Forced expiratory volume Ist second
by Kangra Brahmans (63.27 percent) and Maximum
voluntary ventilation by Kangra Brahmans (60.88
percent) and Kangra Rajputs (54.40 percent),
respectively.

Group Differences among Transhumant and
Settled Gaddis

The results of the comparison, using students
‘t’ test in all the 24 biological variables of boys at
each age, within the two population groups of
Transhumant and Settled Gaddis of Tehsil
Bharmour, District Chamba and District Kangra,
indicate that in most cases the differences are
statistically non significant except in a few age
groups where statistically significant differences
within and between the two Gaddi groups have
been observed (Table 2).

(1) Transhumant Gaddi - Brahmans x Rajputs

Transhumant Bharmour Rajputs who share a
common physical environment, socio-economic

condition and mode of existance with Bharmour
Brahmans share statistically significant higher
values of Transverse diameter of chest at 8 years,
chest inspired at 8 and 9 years; M.V.V. at 8, 11 and
13 years age group. Skinfold at biceps and triceps
at 15 years; Pulse rate at 10, 14 and 15 years age
group. On the other hand, Bharmour Brahmans,
when compared with Bharmour Rajputs indicate
statistically higher values of Height strenum at
the age of 11, 16 and 17 years; FVC at the age of
12 years; FEV1 at the age of 12, 16 and 19 years,
Height acromion and Chest inspired at the age of
16 years, Weight, Sitting height, Stature, Bicristal
breadth, Antero-posterior depth of chest at the
age of 17 years and Calf girth at the age of 19
years; Systolic blood pressure at 11, 12, 14 and
15 years and Dystolic blood pressure at 8, 11, 12,
14 and 15 years age group.

(2) Settled Gaddi - Brahmans x Rajputs

Analysis of comparison between Settled
Gaddi-Rajputs and Settled Gaddi-Brahmans of
Kangra reveal statistically significant higher
values in a number of measurements like Bicristal
breadth at 9, 12, 14 and 17 years age group; Head
circumference, Upper arm girth, Calf girth at 14
years age group; Height acromoin at 9, 12, 14, 15
and 19 years age group; Stature at 14, 15 and 19
year; Chest expired at 14, 18 and 19 years; Antero-
posterior depth of chest, chest normal at 14, 15
and 19 years; Skinfold at triceps at 10, 13 and 14
years age group whereas Kangra Brahmans, in
turn, indicate statistically significant (P<0.05)
higher value that of Kangra Rajputs for Respira-
tory functions i.e., FEV 1see at 13 years and FVC
at 13 and 18 years age group, and Systolic blood
pressure at 8, 12, and 18 years age group.

(3) Transhumant Gaddis with Settled Gaddis

Analysis of comparison between Transhu-
mant Bharmour Gaddis inhabiting Mid Himala-
yan Zone and Settled Kangra Gaddis inhabiting
Outer Himalayan Zone show significant differen-
ces for most of the biological variables as will be
discussed below:

(a) Transhumant Brahmans with Settled
Brahmans: Comparing Brahmans of both the
areas, it has been observed that Settled Kangra
Brahmans possess statistically significant higher
values than biologically similar Transhumant
Bharmour Brahmans in biological variables like
Chest normal, Chest expired and Transverse
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diameter of chest at 8, 9, 11 and 13 years; Calf
girth at 7 years; Bicristal breadth at 8 and 9 years;
Upper arm girth at 8, 9, 11and 12 years and Head
circumference at 13 years of age; Skinfold biceps
at 8, 12 and 15 years and triceps at 10, 17 and 18
years of age group. In contrast Transhumant
Bharmour Brahmans show statistically significant
higher values than Settled Kangra Brahmans in
the following biological variables: MVV at 9 years;
Height sternum at 11 and 12 years; Total lower
extremity length at 12, 15 and 19 years; Height
acromion at 14 years, Weight and Biacromial
breadth at 15 years and Bicristal breadth at 17
years.

(b) Transhumant Brahmans with Settled
Rajputs: Transhumant Bharmour Brahmans show
statistically significant higher values than Settled
Kangra Rajputs with regard to Height sternum at
9  years, Total lower extremity length at 8, 10, 12,
14 and 18 years of age; FVC at 12, 13, and 19
years of age; FEV

1
 at 12, 13, 15 and 19 years of

age; MVV at 15 and 16 years of age; Systolic
blood pressure at 14 years of age. Settled Rajputs
also exhibit statistically significant differences
with Bharmour Brahmans mainly in Bicristal
breadth from 8 to 12 and 14 years; in Transverse
diameter of chest from 8 to 14 and 19 years; in
Head circumference at 8 and from 10 to 15 years;
in Chest normal from 9 to 14, 18 and 19 years of
age; in Chest expired 9, 11 to 14, 18 and 19 years;
in Upper arm girth from 8 to 14, 18 and 19 years;
in Calf girth at 8 to 11, 13, 18 and 19 years of age;
in Skinfold biceps at 8 to 12, 15 and 19 years and
triceps at 8 to 12, 14, 15, 17 and 18 years of age; in
Pulse rate at 8, 13 and 16 years and Dystolic blood
pressure at 19 years of age.

(c) Transhumant Rajputs x Settled Brah-
mans: Transhumant Bharmour Rajputs, when
compared with Settled Kangra Brahmans reveal
few differences. Bharmour Rajputs have
statistically significant higher values than Kangra
Brahmans for Total lower extremity length at 9,
12, and 13 years; Height sternum at 8 years;
Stature and Height acromion at 15 year, Skinfold
at triceps at 14 years of age and MVV at 8, 9, 10,
13 and 15 years of age. In contrast, Settled Kangra
Brahmans, when matched with Transhumant
Bharmour Rajputs show statistically increase in
values of Bicristal breadth at 8 years; Chest
(expired) at 8 and 9 years; Chest normal at 9 and
11 years; Upper arm girth at 11, 12 and 18 years;
Height strenum at 16 years; Calf girth at 18 years;
Skinfold at biceps at 12 and 17 years and triceps

at 12, 17 and 18 years; Pulse rate at 14 years,
Systolic blood pressure at 11, 12, 14 to 17 and 19
years and Dystolic blood pressure at 8, 11, 12, 14
and 15 years of age.

(d) Transhumant Rajputs x Settled Rajputs:
The comparison between Transhumant Bhar-
mour Rajputs and Settled Kangra Rajputs shows
significant differences for most of the biological
variables at each age group. Kangra Rajputs
show statistically significant higher values than
Bharmour Rajputs mainly in Total lower entermity
length from 8 to 12 years and at 15 years; in
Bicristal breadth at 9, 11, 12 and 14 to 17 years; in
Transverse diameter of Chest from 9 to 12 and 15
and 19 years; in Chest normal from 9 to 12, 14 and
from 16 to 19 years; in chest expired from 9 to 12
and 14 to 19 years; in Upper arm girth from 8 to 19
years except at 13 years; in Calf girth from 8, 9, 11,
14 and 16 to 19 years of age; Skinfold at biceps at
11 to 13, 15, 17 and 18 years and triceps at 9, 10,
12, 13, 17 and 18 years; Systolic blood  pressure
at 11 and 14 to 16 years and Dystolic blood
pressure at 8, 11, 12, 14 and 15 years of age. On
the contrary, Transhumant Bharmour Rajputs
show significantly higher values in some of the
biological variables when compared with Settled
Kangra Rajputs. They show higher values of
Height sternum at 8, 9, 13 and 17 years of age;
Total lower extremity length at 8 to 12 and 15
years of age; MVV at 9 and 13 to 16 years of age;
Stature and Height acromion at 13 years of age
and Pulse rate at 14 years.

Thus, it can be inferred from the present study
on pattern of body growth and physiological
variables, among Transhumant Gaddi - Brahmans
and Rajputs of Bharmour Tehsil, Chamba District
inhabiting Mid Himalayan Zone and Settled Gaddi
- Brahmans and Rajputs of District Kangra
inhabiting outer Himalayan zone, that broadly
speaking, the groups do not show statistically
significant differences betweeen each other in
most of the biological variables studied. However,
differences in regard to the various biological
variables studied, observed between Transhu-
mant Bharmour Brahmans and Transhumant
Bharmour Rajputs on the one hand and the
Settled Kangra Brahmans and Settled Kangra
Rajputs on the other, may be attributed to the
differences in their biological make up. Whereas
the differences between Transhumant Bharmour
Brahmans and the Settled Kangra Brahmans on
the one hand and between Transhumant Bhar-
mour Rajputs and the Settled Kangra Rajputs,
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may be attributed largely to better socio-economic
condition of the Kangra based poputlation
groups. The differences could also be partly due
to differences in physical environment and mode
of living (Transhumant versus Sedantary or
Settled). Singh (1964), Madhavan et al. (1967),
Berry (1971), Rao et al. (1976), Kwon (1978) among
others have suggested that better socio- econo-
mic status leads to better health status among
children.

The statistically significant differences bet-
ween Transhumant Bharmour Brahmans with
Settled Kangra Rajputs and between Transhu-
mant Bharmour Rajputs with Settled Kangra
Brahamans may be due to the differences in their
biological make up, as well as due to their socio-
economic conditions, mode of existence and
physical environment.

Rao (1956), Spurgeon et al. (1959), McDowell
et al. (1970), ICMR (1972), Heirnaux et al. (1975),
Johnston et al. (1976), Eveleth and Tanner (1976),
Nofely (1978), Eveleth (1978) have shown that the
physical environments viz. geographical demarac-
tion, climate and socio-economic conditions have
definite effect on growth status of children. How-
ever Ashcroft and Lovell (1964) have suggested
that the differences observed could be genetic in
origin observed among Jamaican children and
youth of African, Chinese and European ancestory.

In contrast, the Transhumant Bharmour
Rajputs and Bharmour Brahmans exhibit statis-
tically significant differences when compared with
the Settled Kangra Rajputs, in Respiratory
functions mainly from 13 to 16 years of age. This
differences could be due to the differences in mode
of existence i.e., Transhumant versus Sedentary
or Settled. However, Kangra Rajputs also practice
high level of habitual activity due to mountaneous
terrain of the outer or Himalayan Zone, but not as
high as that of Transhumant groups.

Cotes et al. (1973), Jones et al. (1977), Milller
et al. (1978), Anderson et al. (1978) have suggested
that higher lung volume may be the effect of high
level of habitual activity rather than altitude or
genetic in origin.

The other probable population pairs of
Bharmour Rajputs x Bharmour Brahmans;
Bharmour Rajputs x Kangra Brahmans; Bharmour
Brahmans x Kangra Brahmans; and Kangra
Rajputs x Kangra Brahmans show statistically
significant differences only in a few of the
biological variables at different age points,
irrespective of differences in biological make up
or physical environment or socio-economic

condition or mode of existence (Transhumant
versus Sedantary or Settled).

It has been observed that the differences
between Transhumant Brahmans and Settled
Brahmans and among Transhumant Rajputs with
Settled Rajputs, in regard to biological variables
are statiscally significant only in case of a few
variables. They may be attributed to the fact that
the Settled population groups of Kangra District
originally belonged to Bharmour Tehsil and that
they separated only a few generations in the not
too distant past. From this fact, it may be
reasonably assumed that these groups had not
changed biologically to an extent where they
would show significant differences. However,
whatever differences have been observed may
be attributed more to socio-economic conditions,
physical environment and mode of existence and
less to the biological make up.

Cofficient of Correlation Between Different
Biological Variables Along with age

The Person product-moment-correlation-
coefficient has been applied to all biological
vairables and ages for all the four population groups
studied to assess linear relationship between two
concerned variables. It has been observed that
values of “r” are positive throughout, indicating
the direct relationship between two variables. For
the sake of convenience, the values of “r” have
been divided into three categories, viz., A, B and C.
Category “A”, showing almost independent or no
relationship between two variables, does not
experience even a single value of “r”, whereas
category “B” exhibiting moderate degree of positive
relationship, includes many values of “r” of head
circumference when correlated with other variables
and age among all the four population groups
studied, Category “C” showing a higher degree of
positive relationship includes all biological variable
and age except head circumference.

All the anthropometric variables and age
exhibit significant positive values of “r” with FVC,
FEV

1
 and MVV for all the four population groups

studied. It has been observed that FVC and FEV
1

are best correlated with body weight among
Bharmour Rajputs, Bharmour Brahmans and
Kangra Rajputs, and least correlated with head
circumference, whereas FVC, FEV

1
 and MVV show

better association with age and weak correlation
with head circumferecne in case of Kangra
Brahmans.
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Regression Equations

Simple Linear Regression of Respiratory
Functions on Anthropometric Variables
and Age

Simple linear regression equations have been
formulated to predict FVC, FEV

1
 and MVV for all

the four population groups separately (Table 3).
This shows the best simple linear regression
equations showing maximum regression
coefficient and least standard error of estimate
for Rajputs and Brahmans population groups of

Tehsil Bharmour, District Chamba and District
Kangra.

Multilinear Regresions of Respiratory
Function and Anthropometric Variables and
Age (Taken as Forced variable)

New multilinear regression equations have been
formulated for the prediction of FVC, FEV1 and MVV
on the basis of age taken as forced variable and one
of the 16 anthropometric variables as independent
variable for all the four population groups studies
(Table 4). This shows the best multilinear regression

Table 3: Simple linear regression of respiratory functions on anthropometric variables and age among
Transhumant Gaddis (Brahmans and Rajputs) of Bharmour Tehsil, Chamba District, and Settled Gaddis
(Brahmans and Rajputs) of Kangra District, Himachal Pradesh

Value of “r” S.E. of estimate (ml)

Bharmour Brahmans:
PVC = .23.058 +  81.042 body weight +0.946 335.84
FEV

1
= -97.878 + 73.252 body weight +0.939 326.124

MVV = -18.148 + 8.160 age +0.939 11.276 (1/min)
Bharmour Rajputs:

PVC = .24.301 + 85.224 body weight +0.914 420.914
FEV

1
= -34.482 + 73.333 body weight +0.894 411.271

MVV = -3.472 + 7.187 age +0.811 18.470 (1/min)
Kangra Brahmans:

PVC = -1171.697 + 273.352 age +0.919 401.452
FEV

1
= -1019.232 + 252.566 age +0.902 415.024

MVV = -19.669 + 8.224 age +0.908 13.019 (1/min)
Kangra Rajputs:

PVC = -90.542 + 76.111 body weight +0.947 313.053
FEV

1
= -20.237 + 68.431 body weight +0.936 311.084

MVV = -8.161 + 7.336 age +0.863 14.269 (1/min)

Table 4: Multilinear regression of respiratory function on anthropometric variables and age (taken as
forced variable) among Transhumant Gaddis (Brahmans and Rajputs) of Bharmour Tehsil, Chamba
District, and Settled Gaddis (Brahmans and Rajputs) of Kangra District, Himachal Pradesh

Value of “r” S.E. of estimate (ml)

Bharmour Brahmans:
PVC = -554.637 + 92.373 age + 58.497 body weight +0.957 302.241
FEV

1
= -323.748 + 73.226 age + 55.370 body weight +0.947 305.005

MVV = -9.474 + 5.620 age + 0.798 body weight +0.938 10.312 (1/min)
Bharmour Rajputs:
PVC = -442.545 + 41.056 age + 73.868 body weight +0.919 411.561
FEV

1
= 189.266 + 31.849 age + 64.523 body weight +0.897 405.829

MVV = -62.448 + 3.773 age + 0.156 chest inspired +0.881 18.627 (1/min)
Kangra Brahmans:

PVC = -923.637 +169.027 age + 37.027 body weight +0.942 341.072
FEV

1
= -806.280 +163.027 age + 31.785 body weight +0.922 374.421

MVV = -46.752 + 6.695 age + 0.061 total lower +0.916 12.478 (1/min)
extremity length

Kangra Rajputs:
PVC = -419.425 + 59.101 age + 61.800 body weight +0.952 299.680
FEV

1
= -286.855 + 55.186 age + 55.069 body weight +0.941 299.468

MVV = 93.320 + 4.394 age + 0.911 body weight +0.883 13.314 (1/min)
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Table 5: Stepwise multilinear regression on anthropometric variables with taken as forced variable
among Transhumant Gaddis (Brahmans and Rajputs) of Bharmour Tehsil, Chamba District and Settled
Gaddis (Brahmans and Rajputs) of Kangra District, Himachal Pradesh

Value of “r” S.E. of estimate (ml)

Bharmour Brahmans:
With a set of six independent anthropometric variables and age:
PVC = -3343.608 + 57.959 age + 21.429 Wt + 2.567 CHI +

2.360 STH + 3.853 CG - 1.071 TLEL + 2.602 BACB +0.967 269.551
FEV

1
= -3455.655 + 28.903 age + 14.374  Wt + 1.050 CHI +

2.029 STH + 3.455 GC - 2.710 BACB + 1.718 CHN +0.958 275.197
With a set of three independent anthropometric variables and age:
MVV = -99.038 + 4.929 age + 0.064 CHI + 0.032 St + 0.063 HC +0.941 10.071 (1/min)

Bharmour Rajputs:
With a set of four independent anthropometric variables and age:
PVC = -3650.700 + 35.355 age + 31.378 weight +

2.891 CHI + 2.520 STH + 4.724 ADPC +0.924 397.861
With a set of six independent anthropometric variables and age:
FEV

1
= -2791.920 + 29.633 age + 30.728 weight + 1.579 CHI +

2.432 STH + 4.246 APDC - 3.861 HTS + 3.227 TDC +0.904 395.649
With a set of five independent anthropometric variables and age:
MVV = -135.116 + 3.382 Age + 0.088 CHI + 0.068 TLEL + 0.124 HC

- 0.136 BCRB + 0.220 APDC +0.824 18.066 (1/min)
Kangra Brahmans:

With a set of two independent anthrometric variables and age:
PVC = -210.339 + 170.251 age + 48.989 Wt + 5.080 BCRB +0.942 337.877
With a set of six independent anthrompetric variables and age:
FEV

1
= 651.569 + 156.435 age + 56.843 Wt + 8.207 BCRB -

4.411 CHE + 0.616 HAC + 3.520 CHN - 3.887 APDC +0.929 360.147
With a set of three independent anthrompometric variables and age:
MVV = -2.625 + 6.026 age + 0.033 TLEL + 0.952 Wt - 0.204 TDC +0.919 12.184 (1/min)

Kangra Rajputs:
With a set of two independent anthropometric variables and age:
PVC = -1327.493 + 59.742 age + 52.471 Wt + 5.516 HTS +0.952 283.493
FEV

1
= -632.357 + 49.470 age + 49.923 Wt + 4.528 HTS +0.942 295.034

With a set of five independent anthropometric variables and age:
MVV = 37.694 + 4.759 age  + 1.579 Wt + 0.178 HTS - 0.043 HAC +

0.209 UAG + 0.017 TLEL + 0.072 BCRB +0.890 13.029 (1/min)

equations with age and forced variable for Rajputs
and Brahmans population groups of Tehsil
Bharmour, District Chamba and District Kangra.

Stepwise Multilineaar Regresion of
Anthropometric Variables with Age
(Taken as Forced Variable)

It is difficult to assess which of the body
measures is contributory to what extent, with age
taken as forced variable in the different respiratory
functions. So, stepwise multilinear regression
equations have been formulated in which
variables add stepwise in the order of their
correlation coefficient value in the regression
equation (Table 5). Further adding of variable
stops as soon as there is no further increase in
value of multiple coefficient of correlation.

Differences in Pattern of Growth and
Respiratory Functions - Comparison with a
High Altitude and Sea Level Population

Transhumant and Settled Gaddis from
Bharmour Tehsil, Chamba District and Kangra
District have been compared with high altitude
Pangwalas of Pangi Tehsil (Bhasin et al., 2008b)
Bodhs of Ladakh (Bhasin et al., 2008a), Bodhs of
Lahaul Tehsil (Singh et al., 2008), Bhutias of North
Sikkim (Bhasin et al., 2008c) and sea-level Indian
rural boys (ICMR, 1972) to assess differences in
biological variables as body weight, stature and
respiratory functions. All these populations
compared and studied are rural in their origin.

It has been observed that the Bodhs of Lahaul
Tehsil and the Bodhs of Ladakh exhibit faster rate
of growth. This is in conformity with the findings
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of Melcolm (1970), Garutto (1973), but in contrast
with the results of Frisancho (1969, 1970, 1973,
1975), McClung (1970), Frisancho and Baker
(1970), and Boyce et al. (1974) who reported a
slowed and prolonged growth among high
altitude natives.

The present popultion groups exhibit faster
growth in body weight than Indian rural boys.
This difference may be attributed to altitude rather
than to geographic or genetic factors, as also
reported by Rothammier and Spielman (1972).

The Bodhs of Ladakh and the Bodhs of
Lahaul are characterised by possession of larger
chest size, which is a pronounced characteristic
of high altitude population as emphasized by
Pawson (1974) and Frisancho et al. (1975).

The present population group (Transhumant
Gaddis) as well as the Bodhs of Ladakh and Bodhs
of Lahaul exhibit higher values of FVC, FEV

1
 and

MVV. Cotes et al. (1973) concluded that this may
be attributed to high level of habitual activity as
these populationjn groups inhabit steep terrained
mountaneous regions. The same has been
suggested by Jones et al. (1977), Miller et al.
(1977), Anderson et al. (1978).

Thus it may be evaluated from the present
study on pattern of body growth and respiratory
functions among Transhumant Gaddi (Rajputs
and Brahmans) of Tehsil Bharmour, District
Chamba inhabiting Mid-Himalayan zone and
Settled Gaddi (Rajputs and Brahmans) of District
Kangra inhabiting Outer-Hinalayan zone, that
boardly speaking all the groups do not show
statistically significant differences between each
other in most of the biological variables studied,
except Settled Kangra Rajputs, who have shown
differences in certain anthropometric variables,
when compared with Transhumant Bharmour
Rajputs and Bharmour Brahmans. In the present
study the populations are intermediately placed,
when compared with high altitude Bodhs of
Ladakh, Bodhs of Lahaul and sea level Indian
rural boys.
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