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,,~xeçutive summary

The purpose of this research was to evaluate various
procedures and models for estimating body fatness (BF) of the
Canadian Forces (CF) . After a thorough review of the literature
on the measurement of total body density and models of the
estimation and description of adiposity . A series of
expe;-iments were conducted for : (a) residual gas volume
measurement ; (b) hydrostatic weighing at maximum expiration and
with lung volumes ; and (c) these measures of body density by
underwater weighing with and without corrections for hydrosfiatic
pressure ; and finally (d) test-retest reliability of
anthropometric measurements by both experienced and
inexperienced technicians . It was concluded that the following
tests would be used in the Cr° field trials : (i) the helium
dilution procedure for residual gas volume (RVHE) (Ogilvie et .
al . 1957) ; (ii) hydroatatic weighing at both maximum expiration
(MW @ ME) and at lung volume as measured with an SLR automated
spirometer (MW @ LV) ; (iii) an anthropometric variable battery
with stature, body mass and independent variables including 10
skinfold thicknesses, 15 circumferences and 9 diameters . The
extent of the anthropometric variable list was necessary to
ensure of a nurnber of BF estimations known from the literature .

Procedures for the measurement of body fatness othe
Canadian Forces were evaluated on a total variable-c^omplete
random sample of 155 males and 125 females in 3 age categories
(<30 yra, 30-39 .9 years ., > 40 yra) .

Multivariate comparison of BF by a denaitometric methods
(MW @ ME and MW @ LV, adjusted and unadjusted) showed a
significant overall MANOVA (p< .05) . Adjustment for hydrostatic
pressure on MW @ ME made no significant difference (p < 0 .05, t
~ 0 .31) on BF fcr the total group (21 .6 ± 7 .29 % BF) . However,
BF l'iom unadjusted HW @ LV was significantly ] .ower (p . < 0 .05, t
= 2 .26) than BF calculated from adjusted MW @ LV (20 .2 ± 7 .35
and 22 .0 ± 7 .23 respectively) . No significant difference
(p< .05, t- 0 .62) in BF from adjusted MW @ LV and HW @ ME was
found . We concluded that (i) BF determined by densitometry was
appropriate for this mature, healthy active adult population ;
(ii) BF determination by denaitometry at LV with adjustment for
hydrostatic pressure is an appropriate procedure, especially fo
subjects who do not expire to residual volume .

In the second part of this research we have evaluated 3
models of ostimating adiposity . the first is a 9gression model
based on best regressors as selected by maximum R stepwise
improvement for all variables, circumference, skinfold thickness
and body diameter measurements (CSD) . The second is a'scaling'
model were the sum of 5 skinfo?d (triceps, subscapular,
suprailiac, abdomen and thigh) are scaled by stature and body
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mass on the basis of reference CF ina:ts and females . This
procedure was developed by Behnke and Wilmore (1974) for
radiographic fat thicknesses . However Katch and Katch (1983)
have applied this procedure to skinfold thicknesses as measured
by skinfold caliper . We refer to this procedure as the applied
Behnke - Wilmore method - AB . The third model evaluated was the
Heath-Carter Somatotype procedure . This procedure does not
estimate body fatness but does give a relative measure of
adiposity .

Multivariate factoral analysis by sex, age and high/low $
fat (HF/LF) levels (based on group median Yiydrostatic weighing
(HW @ ME) showed a significant overall ANOVA (p< .05) . Overall
BF from the AB and CSD methods did not differ from BF by HW @
ME, at any age in either gender . Moreover, the BF results by AB
were not significantly different for either HF or LF groups for
either gender . The CSD method on the other hand, did
significantly underestimate the BF of the HF while
overestimating the BF of the LF males and females .

The AB and CSD methods have been cross-valid~ted on an
independent CF sample of 109 males, 66 females) and .-evealed no
significant differences from the percent body fat calculated by
hydrostatic weighing .

The CF sample of males and females were also evaluated
according to the Heath-Carter Somatotype procedure . This method
of assessment of adiposity is a linear model with an independent
variable of a relative 9 point scale of endomorphy based on
Sheldon's somatotype procedure (Sheldon et . al, 1940) . The
Heath-Carter somatotype demonstrated that the CF sample males
and females were more robust and muscular (mesomorphy) than the
average Canadian population . However this Gestalt scale,
although closely associated to total body fat as measured by
hydrostatic wei5hing, were not as accurate as % body fat
predicted by the AB or CSD methods . Also endomorphy scores were
considered less useful for the CF purposes and therefore were
not pursued further .

- We conclude that (i) the applied Behnke-Wilmore method
(AB) is the optimal predictive method for this CF population,
(ii) the undexwater weighing procedure should be used when
predicted values are c~isputed and (iii) residual gas volumes
should be measured not just predicted from available RV
regressions .
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1 .2 objectives of the stud y

The objectives of this research were :

(1) to ascertain the optimal equation for the assessment
of body composition for an active population (Canadian
forces personnel, ages 20 to 55 years )

(2) to evaluate the importance of musculo-skeletal
robustness as an improvement in BF prediction

(3) to test the generality and practicality of the
improved procedures on a CF specific population (cros s
validation of procedures) .

1 .3 Problems and Subproblems

In setting the hydrostatic "gold standard", several
specific problems of inethodology had to be resolved,
including :

(1) diffic~ulties in applying hydrostatic weighing to
subjeets wro are fearful of submersion, or who are
unable to exhale completely to residual lung volume
while underwater ; and

(2) choosing between alternative methods of assessing
residual lung volume .

The question of the practicability of underwater weighing
has recently been explored by various suthors, with total
body density measurement being made at lung volumes ranging
from residual volume (RV) to total lung volume (FVC + RV)
(Brozek et al, 1949 ; Girandola et al, 1977 ; Shephard,
Lavailee et al, 1969 ; Thomas and Etheridge, 1980 ; Welch and
Crisp, 1958 ; Weltman and Katch, 1981) . Although young
adults do not normally object to the protocol of
hydrostatic weighing, children and older adults very often
do . Even iith young adults, it is not uncommon to have 15%
of volunteers from a random sample refuse cooperation,
exhibit an inability to expire maximally, or fail to
submerge completely during volumetric measurement .
Submersion may change pulmonary blood volume and thus
residual volume . However, if gas volumes are retained
during submersion as proposed by some authors, the added
gas volume is subject to hydrostatic compression (Agostini
et al, 1966 ; Brozek et al, 1949 ; Carey et al, 1956 ; Craig
and Ware, 1967 ; Girandola et al, 1977 ; Jarrett, 1965 ;
Prefaut et al, 1976 ; Welch and Crisp, 1958) . Thus volumes
must be measured underwater or appropriate adjustments must
be made for lung compression while submerqed . Any
hydrostatic effect is greater when sitting than when
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supine, and the larger the lung volume (FVC + RV), the
greater the impact on the corresponding total body volume,
underwater weight, densi.ty and subsequent body fat
calculation . In a large subject, (>90 kg) holding the
breath at a vital capacity inspiration of 7 .0 1(and
residual volume of 1 .7 1), the compression would amount to
2%, with a 0 .7$ error change in the estimation of body fat .

For the determination of residual volume (RV), helium
dilution techniques are commonly used (Meneely et al, 1949 ;
Mitchell and Renzetti, 1968 ; Ogilvie et al, 1957) . Another
simple approach is an oxygen dilution procedure (Wilmore,
1969 ; Wilmore et al, 1980) . Both the helium and oxygen
dilution procedures have been validated by comparision with
the nitrogen washout procedure (Ogilvie et al, 1957 ;
Wilmore, 1969) .

In meeting the first objective, je . the choice of an
optimum equation for predicting body fatness, there are 2
subproblems :
1) a possible "specificity" in the reference population
used to develop predictive equations, including the
possibility of musculo-skeletal proportions that differ
from the general population ; and
2) a rationale for the selection of a particular
predictive anthropometric model .

In the past, many large sampla surveys purporting to
determi.ne body composition have used body fat prediction
equations developed from populations which are unlikely to
have been representative of the sample in question, for
example, regressions developed on a Scottish urban
population of the 1960's have been applied to Canadian
Forces personnel (C . Allen and D . Bell, personai
communication ; Durnin and Womersley, 1974) . Generalized
prediction equations may give rise to erroneous estimates
of body fat if the test sample does not entirely correspong
to the original population with respect to suvh factors as
aqe, sex, ett;nicity, nutritional status and habitual
activity . Brrors are par.ticularly common when the body
fatness of athletes is predicted from general population BF
equations (Jackson and Pollock, 1977 ; K~tch and Katch,
1983 ; Sinning, 1978) .
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In seeking to improve the prediction of body fatness, we
have compared anthropometric and hydrostatic data in a
relatively large sample (N=280) of men and women, aged 20
to 55 years, a cross-section of the Canadian Forces (CF)
population . Examination of the new equations to other
samples of the Canadian population (swimmers, aged 13-25
1ears and older subjects, aged 45-75 years) will help
c.larify the appropriateness of the proposed approach in
muscular and non-muscular groups .

1 .4 Model Selection

Three different anthropomqtric models have been compared :
(i) a Linear Regression Model (LRM) , based on traditional
skinfold and circumference measures ;
(ii) a Reference ' ;caling' Model (RSM) of the type proposed
by Hehnke (1959) ; and
(iii) a Somatotype Model (SM), which addresses the issue of
incorporating a"Gestalt" of robustness . It is compared
directly to non-Gestalt measures of robustness such as
independent skeletal diameters (Katch and Freedson, 1982) .

The Linear Regression Model proceeds through the following
steps to predict body density (and thus body fat) :
1 . Stepwise maximum R2 improvement for skinfolds,

including both log and quadratic transformation of the
sum of akinfolds ;

2 . Stepwise maximum R2 improvement for circumferences (on
the basis that circumference measurements may be more
easily undertaken by field survey personnel) ;

3 . Stepwise maximum R2 improvement for all variables .

The Reference 'Scaling' Model-applied Behnke-Wilmore
(Katch and Katch, 1983) proceeded through three steps :
1 . Body fat estimation from the sum of skinfolds scaled

for height and body mass ;
2 . Assessment of musculo-skeletal proportions relative to

a reference group ;
3 . Assessment of the potential contribution of

musculo-skeletal proportions (reference fr~me size) to
the description of body composition .

The Somatotype Model proceeded through 4 steps :
1 . Assessment of musculo-skeletal and fat proportions

(body form) as described in the Heath-Carter (1967)
procedure ;

2 . Assessment of the relationship between each somatotype
component (endomorphy, mesomorphy, and ectomorphy) and
fat and fat-free fractions of the body as determined
by underwater weighing ;

3 . .4ssessment of the relationship between the mesomorphic
component of the Heath-Carter (H-C) somatotype, and
the frame component as estimated from the roference
'scaled' population ;
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4 . De.termination of the specific contribution of each
index of robustness (mesomorphy and reference frame)
to simple prediction procedures .

1 .5 Assumptions

The critical assumption in this project is that the
underwater weighing/volumetric procedure of densitometry
provides a reliable and valid fatness criteria for the
population under study . Limitations inherent in this
assumption are :
(i) the density of the fat-free mass (FFM) is constant for
all subjects ( since the tissues comprising the FFM have
different densities, then the components must have mutually
compensating densities and proportions) ;
(ii) the density of the fatmass (FM) must be constant for
all subjects .

1 .6 Justification

A simple, reliable and valid method of determining body
fatness is important, given the probable impact of
excessive amounts of body fat upon health . C7besity is
rssociated with ischaemic heart disease (IHD), hypertension
and ma'eurity - onset diabetes mellitus (Lamb, 1984) .
However, there is some debate as to whether obesity exerts
a significant independent impact on (IHD) after allowance
for its association with hypertension and an adverse lipid
profile . Excess adipose tissue can also limit the
performance of physical tasks, especially those that
involve displacement of body mass (Astrand and Rodahl,
1977 ; Shephard, 1977) . Moreover, adiposity can be
corrected through a combination of proper dietary
management and increased exercise (Pollock, Wilmore and
Fox, 1984) . The need for appropriate SF equations becomes
particularly necessary with groups such as the Canadian
Forces (CF), whexe the job demands both strength and
endurance, and muscularity is above the average for the
general population . Having an appropriate HF equation
reduces the likelihood that personnel in such heavy
occupations will be advised to undergo unnecessary, unfair
and possibly unhealthy "weight loss" requirements .
Moreover, an accurate knowledge of body fatness and
definition of a realistic "ideal weight" are often initial
steps in stimulating an individual to lose fat and adopt a
healty lifestyle .
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1 .7 Selection of Measurement s

The variable :; chosen for study were representative of
current technology . The 47 anthropometric variables
selected are comprehensive enough to allow comparisons wit h
4 major surveys :
i) The Montwe.al Olympic Games Anthropometry Project
(M .O .G .A .P .), a standard test battery which has been
recommendmd by its originators as part of the Canadian
Association for Spart Sciences (C .A .S .S .) Elite Athlete
testing protocol (MacDougall et al, 1982) . The MOGAP list
includes factors necessary for somatotyping by the
Heath-Carter procedure .
ii) The Intern~ttional Biological Program (1 .8 .? .) offers an
anthropometric battery that has k+een accepted and followed
throughout the world, particularly in studies of ethnic
populations . The procedures, outlined in Weiner and Lourie
(1969), have beE+n used extensively in Ca :lada and throughout
the world (Shephard, 1978) .
iii) Guide for Anthropometric Measurements of Canadian
Adults (Jette, 1980) . Although more limited in scope,
these anthropometric procedures have been well documented
and have interest in the context of this researc.4 because
they alao have been applied to a sample of Canadian men and
women drawn from the Canadian Forces (Jette, personal
communication) .
iv) Behnke and Wil .more (1974) . The anthropometric methods
described by Behnke and Wilmore fi.n "Evaluation of Body
Composition" (1974) are widely used in the United States of
America .

Despite the various international standarda already
proposed, discussions on standardization continue .
Proponents of many anthropometric procedures were present
in an open committee (chaired by Drs . A . Roche and J .
Wilmore) for the re-assessnient and standardization of human
body measurements held in conjunction with the American
College of Sports Medicine, annual meeting in Montreal
(1981) . Canadian representative were R . Montpetit and R .
Forsyth .

I



6

i

2 .0 Review of selected relevant areas of the literatura

2 .1 Overview

The assessment of body fatness is one of the most difficult
and controversial problems in the health science field . No
practical procedure is presently available to rneasure body
fat directly . ïdeally, body composition is determinad from
'fresh' cadavers ( less than one day post-mor{,em), thi s
providing a standard to validate anthropometric
measurements collected shortly before death . The usual

problems wi.th cadaver studies are : (i) only a very small
sample of subjects is available, and (ii) the individuals
examined have dehydrated bodies or are of unknown health
and background . Most of the assumptions applied to studies
of body composition are thus basgd on results from 4-6
cadavers, or are derived fz'om research on domesticated
animals .

Researchers will continue to be limited in their evaluation
of the chemical composition of the body until a large data
base has been collected from non-dehydrated, non-embalmed
cadavers, including young disease-free normals, obese and
atYletic groups . This will surely take considerable time,
gi•~en current restrictions on this type of scientific
investigation . At preaent, the total of the world body fat
data is derived from 42 cadaver dissections, and of these
only 25 are very recent (Clarys et . al . 1984 ; Martin, 1984 ;

Martin et . al . 1985) .

Technical limitations on the direct measurement of body
composition have led to various methods of approximat.ing
the amount of adipose tissue in humans . The main methods
for indirect assPssment of .3tored lipid can be classified
as : (i) anthropometric fractionation of body mass ; (ii)
hydrodensitometry ; (iii) indirect chemical analysis ; and
(iv) the relatively recent methods of echo- and soft
tissue (Heta) radiography . This research involves only the
first two of these procedures (anthropometry and
hydrodensitomecry), although we may note that, to date,
methods (iii) and (iv) are more cornplicated, more
expensive, and do not appear to offer better accuracy than
(i) and (ii) .

A11 indirect methods for evaluating the total fat mass have
rp ior.i assumpticns which must be met . First, the water

component of the body cell mass, particularly the fat-free
mass, must be constant : a figure of 73 .2% water is usually
assumed for healthy subjects . 5econdly, the various
components of the fat-free mass must each have the
anticipated density . Finally, the relative proportions of
muscle, bone and residual lean mass must be constant . Many
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of the assumed values in fact show considera ;)le variation
from one subject to another and within a given subject at
different ages (Martin, 1984) . The present research will
focus particularly on the third of these difficultie s
(variations in the relative proportions of lean tissue),
considering how far an anthropometric assessment of
musculos)seletal proportions can help in the indirect
assessment of body composition .

The various models used to fractionate body mass on the
basis of ineasurements of subcutaneous fat thicknesses, body
circumferences and widths are simple . :iowever, the
researcher must accept the inherent assumptions of
prediction and statistical manipulation . First, a"go.ld
standard" of body composition must be chosen . Estimations
of body composition using dependent ar1thropometric
variables must be checked against a suitable independent
varaable, such as the indirect densitometric prcacpdura -
currently referred to as hydrodensitometry . 8econdly, the
assumption of homogeneity between a given sample and the
population used for the initial development of a prediction
equation for any body c:omponenw such as body fatness, is
often contravened . Partly for this reason, a multitude of
regression equations (>100) have been proposed to predict
body density, and thus the fatnoss of various populations
from anthropometric data (a selection of body fat ai,d body
density equations are shown in AppEndix 7 .2) . The most
precise equations have varied markedly with the gender,
age, ethnicity, state of nutrition and fitnpss level of the
population under study . The influence of musculo-skeletal
proportions and differences in such proportioi'is with age,
gender, and physical training (fitness), is only partially
understood .

Prediction of body density using a'gener~.zlized' equation
derived from a large sample with average anthropometric
values comparable to the test population has to date been
thought to yield the fairest estimates of relative
adiposity . Many generali2,ed BF equations are based on
quadratic or logerithmic models to allow for the non-linear
relationsiiip between skinfold thicknesses and body density .
Since the individuals to be evaluated in most populations
include not only the young and the average, but also those
who are old, v€!ry obese or thin and highly athletic, the
likelihood of deriving a good "generalized" body fat
equation from a small number of anthropometric variables is
limited . However, such BF equations are more satisfactory
for health screening than onfi of the many 'sample-specifia'
BF equations, since comparison can then be made with other
national and international standards .
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Although more complex and less convenient, a more
satisfactory approach when eval.uating the fatness of
indiviciuals, is to determine total body density from body

mass and volume . There are still some problems in
converting observations to percent fat, but nevertheless
many people regard this procedure as the "gold standard" to
be used in evaluating anthropometric procedures . There are

various methods available for assessing body volume
including gas and water displacement techniques, but the
most common is the principle of buoyancy, developed by
Archimedes and applied to human body composition by Behnke
(Behnke, Feen, & Welham 1942 ; Welham & Behnke 1942) . Body

fat content is generally calculated from .~tal body density
on the assumption that the body tissue can be viewed as a

simple two - component system of fixed density : fat tissue

mass (FM) and fat-free mass (FFM) (Behnke et . al ., 1942) .

Variations of human morphology reflect differencea in the
amount and distribution of fat, and in the size and shape
of the body's lean mass (muscular and skeletal components) .
Historically, anthropometric techniques have been used to
evaluate body form and composition, relating such findings
to both the mechanics of movement and the ri .sk of disease

(Borell .i. 1679 ; Broca 1864 ; Flower 1907 ; Galton 1884-85 ;

Kretschmar 193C ; Quetelet 1871 ; Sheldon et al . 1940 ; Viola

1932, cited in Harrison et al ., 1977) . Although there have

been extensive descriptions of such body builds as the
"habitus phthisicus", early investigators failed to
consider the possi.bility that body form might be a
consequence rather than a cause of disease . The use of
anthropometry to describe an optimal body form for elite
athletes has a long tradition in this century (Sheldon et .
al . 1940 ; Shephard 1978 ; Tanner 1964 ; Welham and Behnke
1942) . This tradition has inspired an attempt to found a
new discipline of kinanthropometry, which would apply the
methods of physical anthropology to human movement studies,
including sport, elite athletic performance and growth

(Ross 1976) . Modern forms of somatotype evaluation form
one part of this proposed discipline . A great deal of
scientific investigation has been stimulated, applying to
sports groups all man>>er of anthropometric procedures and
models (Carter 1972, 1975, 1980 ; Katch and Katch 1983 ; Ross
et . al . 1978 ; s .inning 1978, 1964 ; Wilmore 1983) .

The simplest methods of assessing body composition remain
anthropometric models that employ body stature and mass,
thickness of subcutaneous tat or body circumferences and
diameters . Ratios of stature to body mass an d
determinations of "excess" mass have some attraction as
very simple tools for the epidemiologist, but they have
limited usefulness for the prediction of body composition
in the individual, since changes in body mass do not always
reflect increases or decreases in body fatness .
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An athletic person can be 'overweight' but not 'overfat' .
Nevertheless, indices relating stature and body mass have
often been used to provide a preliminary indication of
obesity (Benn, 1971 ; Cam, 1984 ; Lee et al ., 1981 ; Society
of Actuaries 1959 ; Metropolitan Life, 1959, 1982) . A
stature/mass ratio is also the sole determinant of the
ectomorphic component of body form as described by the
Heath-Carter Somatotype Model (Heath and Carter, 1967) .

Individual anthropometric variables can be highly
correlated with a more general measure of b .sdy composition,
eg . body density is often quite closely related to
abdominal circumference or to summed individual skinfolds .
However, allowance must be made for several factors in any
anthropometric fractionation of body mass :

i) inter-individual and ethnic differences in the
fat patterning of subcutaneous adipose tissue ;

ii) sex-specific essential fat and gender related
differences in the distribution of subcutaneous
fat ;

iii) the non-linear association between subcutaneous
fat thickness and body density ;

iv) the effects of age upon the density of lean
tissues ;

V) possible ethnic differences in the composition
of lean tissues ;

vi) possible differences in fat distribution and
body composition induced by training (Hovak,
Hyatt and Alexander 1968 ; Katch, Michael, and
Jones, 1980 ; Kireilis and Cureton 1947 ; Malina
1979 ; Womersley, Durnin, Boddy, ttnd Mahaffy
1976), poor nutrition, bed rest (Cohn et . al .,
1980 ; Shephard 1978 ; Sidney, Shephard and
Harrison, 1977), or a non-gravitational
environment .

The most common procedure for estimating body composition
is a regression model which assumes a strong linear
association betwEen a specified independent variable (body
density, as an indicator of relative body fatness) and the
dependent anthropometric measures . The first such BF
regression was developed almost 40 years ago (Keys and
Brozek, 1949) . There has subsequently been occasional
refinements of the statistical methodology used in the
estimation of body composition which include (i)
logarithmic transformations (Durnin and Womersley 1974),
(il) power functions (Jackson and Pollock, 1977, 1978 ;
Jackson, Pollock and Ward, 1980), and (iii) use of
principal component analysis (Shephard et al . 1969) .
Various 'group-specific' and population 'generalized' body
fat equations are now available (Appendix 7 .2) . However,
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it seerns probable that in any linear model and for any
given list of anthropometric variables, samples of
different age, sex, ethnicity, and physical activity
patterns wi11 be best described by differently weighted
combinations of skinfolds, circumferences, and diameters .
'Generalized' BF equations are mor~ dependable for
describing a sample with substantial variation in body
fatness, but are still invalid for extreme cases such as
very thin or obese individuals and very muscular athletes .

An alternative tactic for the description of body
composition was developed by Behnke and co-workers (Behnke
1959 ; Behnke 1961a, b ; Behnke and Wilmore 1974 ; Taylor and
Behnke 1961) from the anthropometric model of Matiegka
(1921) . Mat :legka's model, in essence, was the first
attempt to f:cactionate body mass into four components -
adipose tissue, muscle, bone and residual masses - using
anthropometric measurements . The residual component was
derived from the dififerences between total body mass and
the other 3 component masses . Although not very widely
used in the early part of this century mainly because his
4-component model could only be accurately determined by
cadaver dissection, such innovative ideas have given rise
to alternatives to the linear regression model . The Behnke
'Reference group' model is a eirnilar approach to that of
Matiegka (1921), presenting fat level as a relative figure,
scaled by stature and mass and compared to a"reference"
population . In the most complete treatise describing this
procedure, Behnke scaled the body circumferences and
diameters of i~aval and athletic subjects to reference data
obtained from a sample of male and female U .S . adults using
stature and mass as scaling variables (Behnke 1959, 1961 ;
Taylor and Behnke 1961) . More recently the data used for
comparison has been described as the "Reference Man" and
the "Reference Woma,n", terms original ascribed to Brozek
and Keys (1953) . Katch and Katch (1983) extended the
Behnke concept of 'scaling' anthropometric variables to
include a scaled sum of skinfolds . The Behnke method has
two advantages : (i) musculoskeletal "robustness" is
linked to the body fatness of subjects, based on the
characteristics of large reference samples and (ii) Behnke
and co-workers have always insisted on the need for a
densitometric validation of their technique . The results
of this analytic method are often illustrated by
somatographs, which show percentage differences from the
reference group means in an easy form for visual
comparison .

A final possibility is to describe the body form and
composition indirectly, using a somatotype model of the
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type developed by Sheldon et . al . (1940), and more recently
elaborated by Heath-Carter (1967) . Sheldon's original
somatotype model assumed three body characteristics :
linearity (ectomorphy), muscularity (mes~morphy), and
obesity (endomorphy), determinir.g these as a subjective
"Gestalt" Heath and Carter elaborated the concept,
substituting objective for subjective data . The revised
methodology has been used extensively by some physical
education and anthropology researchers to describe the
musculo-skeletal proportions of an individual including the
athletic and the non-athletic (Carter 1970, 1978, 1980a, b,
1~a81, 1982, 1983 ; Carter and Heath 1971 ; Carter et, al .
1983 ; Heath 1977 ; Heath and Carther 1966, 1967) .

The associations among body composition factors (fat and
rat-free masses), musculo-skeletal proportions, and
somatotype are neither clear nor extensively reviewed in
the literature (Lohman et . al . 1978 ; qrvanova et al ., 1984 ;

Ross and Ward 1982 ; Slaughter and Lohman 1976 ; Stepnicka

1980 ; Szmodis 1977 ; Tucker 1983 ; Walker 1978 ; Walker and

Tanner 1980 ; Wilmore 1970) .

2 .2 The Determination of Body Composition by Hydrodensitometry
and its Limitations as a Reference Standard .

Although many methods are currently availa?~le for
estimating body density and percent body fat,
hydrodensitometry will be employed as the 'gold' standard
for body composition assessment . This widely used
technique is based on the Archimedian principle of
buoyancy, which may be stated as :

"if a solid object is placed in a fluid and its
mass is heavier than the equivalent volume of
the fluid, its mass underwater wil,l be lighter
than its true mass by an amount equal to the
volume of fluid displaced . "

Thus, the less dense an object, the more buoyant it will
be, and the less it will weight underwater .

Archimedes has been immortalized for his hydromechanical
investig~tions of the adulteration of the golden crown
(actually composed of gold and silver) of Emperor Hiero in
the 2nd century H .C . Archimedes thus developed
two-component hydrodensitometry .



I
t
I
1

e

I
I

I

1 7

Measurement of Body Density by Volumetric procedure s

The fatness of humans is commonly assessed by densitometry,
with a 2-component model being used to transform total body
density into fat and fat-free masses . The underwater

weighing technique. developed by Behnke and collegues, for

U .S . Navy personnel (Behnke, Feen, and Welham, 1942) and
applied to robust football players (Welham and Behnke,
1942), is the most widely used procedure for calculating

total body den3ity (BD) . This densitometric procedure ha~

not changed drastically in over 40 years . subjects have

been weighed underwater in both horizontal (Katch, 1968)
and seated positions, at maximum expiration (Akers and

Buskirk, 1969 ; Behnke and Weiham, 1942 ; Brozek and Keys,

1949 ; Welham and Behnke, 1942), at functional residual
capacity (FRC), and total lung volume (TLV) (Girandola et .

al ., 1977 ; nstrove and Vaccaro, 1982 ; Timson and Coffman,

1984 ; Thomas and Etheridge, 1980 ; Welch and Crisp, 1958 ;

Weltman and Katch, 1981) .

In the standard aensitometric procedure, body volume is
determined from weight loss due to fluid displacement
during total body submersion in water ; the basic
Archimedian equation for determining total body density is :

BD ~ (1 )

Body mass (M) has always bean easily determined by weighing
the individual on some 'balance-beam' scale, but body
volume (V) is a more difficult variable to measure . In
Behnke's original hydrodensitometric procedure, the body
volume was calculated by the weight loss due to submersion,
obtained by subtracting the mass in water (MW) from the
mass in air (Ma) . In estimating the displaced volume, the
mass of water was corrected for both its density (Dw) from
tne observed water temperature, and for residual gas
volumes (Vrg) within the body ; thus :

V - vrg (2)p (Ma - Mw )

Dw

An alternative Archimedian volumetric procedure to
underwater weighing has applied the measure of the actual
volume of water displaced (Vdw) by the submerged body
(Allen et al ., 1959 a,b ; Allen et al ., 1956) . Simple

elevatior. of the r,+ater on a graduated scale as the body is
submerged gives an accurate measure of total body volume
(V) . The volume of the water displaced must be corrected
for water temperature (Tu) and any residual gas
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volume (Vr ) .~ Although both hydrostatic procedures
provide re~sul~s which are similar, the measurement of
weight loss in underwater weighing is generally considered
more acc.urate than collection of displaced water (Ward ot
al ., 1978) . The equation for body volume by the
measurement of volume displacement is :

(Ma ' Mdw )
V = - Vrg (3)

Dw

In either of these hydrostatic weighing procedures,
adjustments must be made for two internal gas volumes fo_•
these will increase the buoyancy, and therefore decreasc^
the density of the body . The two internal gases are : ( .i)
visceral gas (V t,), and (ii) residual (lung) volume
(RV) . The volu~ie of air which is trapped in the lung5 at
the end of a maximal expiration is called the residual
volume (RV) . This residual gas is relatively large, with
values for young adult males ranging from 1200 to 1600 ml
(Wilmore 1969) and females 600 to 2000 ml (Sloan, 1967 ;
Sloan et al ., 1962) . Since residual volume is large and
varies with age, it should be measured rather than
predicted, at least in older adults . In children free of
lung disease, it has been argued that calculations of
residual volume based on a fixed percentage (28%) of vital
capacity (VC) are as accurate as actual measurements of RV
(Shephard et . al ., 1973 ; Shephard, 1982) .

On the other hand, visceral gas (gastro-intestinal gas, or
flatus) (V ), je . gas trapped in the stomach and
intestinesg is usually small in magnitude, depending on
previous food or carbonated drink consumption (Durnin and
Satwanti, 1982) . Therefore, V is rarely measured ;
rather, it is the usual practi~e to assume a constant value
of 100 ml (BTPS) (Buskirk, 1961) .

Thus the final body density equation for hydrostatic
weighing thon becomes :
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M
BD ~ a (4)

(Ma - Mw ) - (RV + 0 .100 )

Assumptions and Limitations in Calculating % Body Fat .

Unfortunately, unlike Emperor Hiero's crown, the density of
the human body is the accumulative effects of many
components which show some variation in both the .ir
proportions and their densities . In the 2- component
model, overall body density (BD) is assumed to reflect thé
proportns of the fat (FM) and fat-free masses (FFM), and
their r~3pective densities (df and dffm) .

Thus, total body density is given by :

(F + FFM )
BD- (5)

F
df dffm

Since FM plus FFM equals unity, the proportion of fat can
be derived by substitution :

(df) (dffm) - (df)
(BD)

(df`dffm) (df"dffm )

The density of ether ext~actable fat (dfm) is generally
assumed to be 0 .900 g/cm (Brozek, 1956 ; Brozek et . al .,
1963 ; Fidanya et al ., 1953 ; Sin, 1961) . The density of
adip~se tissue can vary slightly from 0 .900 to 0 .94 0
g/cm (Martin, 1984) .

The density of the non-fat portion (d f ) has been
vigorously debated with substantial differences suggested
between athletesi, the young, ad the eldRrly (Martin,
1984) . A figure of 1 .100 g/cm is typical of young
healthy individuals (Brozek et . a1 .,1963 ; Sin, 1961) .
Lohman and his co-workers have recently shown that ~he
density of the FFM is lower in children (1 .080 g/cm )
based on measuxements of total body water, body density,
and bone mineral conte~t (Lohman et al ., 1985) . Also, an
estimate of 1 .063 g/cm has been made for 80 year old men
(Morris et . al ., 1963) .
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Estimations of the overall variation i n body composition
will he influenced slightly by the standard daviation of
the density of the fat (SD .), and more considerably
by the variation in the densx t ies of the fat-free mass
(S .D . fm) and the whole body ( S .U .BD ) ( Bakker and
Strui~enkamp, 1977) . Thus, the variance in te estimates
of body comp~sition, assuming df ' 0 .900 g/cm , d ffm
- 1 .095 g/cm , and ~ population average body densi.ty for
males of 1 .060 g/cm , is :

(S .D .fm)2 r 13(S .D .ffm)2 + 20(S .D .BD)2 (7 )

Depending on the subject's age, disease state, or sex,
inter-individual variability ~n the density of the fat-free
mass can vary from 1 .057 g/cm (osteoporotic) to 1 .1 9
g/cm3 (osteosclerotic) (Werdein and Kyle, 1960) due to
changes in bone mineral content . A~though a mean density
for the FFM ranging from 1 .095 g/cm (Brozek and Keys,
1953) to 1 .100 g/cm3 (Sin, 1961) has been generally
acknowledged for the average pnpulation, some authors have
recorded total body dçnsity values for young athleti~ males
as high as 1 .102 g/cm (Behnke, 1963) and 1 .104 g/cm
(Michel and Katch, 1968) .

A recent study of professional Canad~an football pl~yers,
found values ranging from 1 .057 g/cm to 1 .130 g/cm
(je . +18 to -12% BF) . In this athletic samp~e, 8 of 29 had
a totaa. body density greater than 1 .100 g/cm , and 18 of
29 subjects had less than 3% BF, ie . less than minimal
essential fat . Twelve of the athletes with guestionable
body fat estimates in this study (18/29) were Caucasions
and siy were from African ancestory (Black Americans)
(Adams et . al ., 1982) .

Although ethnic differences in bone mineral content and
bone mass are known (Broman et . ais ., 1958 ; Mazees and
christiansen, 1982 ; Trotter et . al ., 1958, 1960), the bone
density in response to strenuous athletic training and
participE'.tion would appear to be a more significant factor
in the body composition of athletes (Nilsson and Westlin,
1971) . This is due to increased bone density and
'breaking' strength as a result of increased rnineral.
deposition (Atkinson and Weatherall, 1967 ; Burr, 1980) .
Mineral salts account for approximately 90% of bone density
(Burr, 1980) . Sirnilarly, there is a loss of bone mineral
content of approximately 1% per year after 50 years
(Sorenson 9t . al ., 1968) .

However, fçr normal healthy individuals, the dffm of
1 .100 g/cm , serves as a valid estimate for the
calculation of FFM (Pollock, Wilmore and Fox, 1984) .
Substitution of these density values for F and FFM in
equation ( 6) allows conversion of the measuxed body density
(BD) to body fat (BF) as a percentage of the total body
mass ($BF) :
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$BF ~ 100 4 .~ - 4 .50
BD

(8 )

$BF - 100

C
4,57 - 4 .1421 (9)

BD J
Equation (8) was developed by Sirï (1961) and equation (9)
was produc'd by Brozek et . al . (1963) .

2 .2 Theory of Lung Volumes in Body Density Assessment Residual

Volume .

The measurement of RV haF, been recognized as a major source
of error in d^:,sity calculations âïnce the earliest
usage of vclumetric metl,ods (Behnke et . al ., 1942 ; Rahn ~t .

al ., 1949) . This volume of gas constitutes between 25 and
30 percent of the total lung capacity (TLC) in normal young
subjects . RV estimation rather than actual measurement of
residual gas can lead to significant errors in body volumr
determinations . This is especially true in the elderly o :
those suffering from respiratory diseases . The volume of
air remaining in the lungs increases with age (Kaltreider
et . al ., 1938), particularly with chronic obstructive lung
diseases (Mitchell and Renzetti, 1968 ; stubbing et . al .,
1980b), and smoking (Shephard, 1982) . Residual volume also
increases during exercise (S*'rbbing et . al ., 1980a) .

The physiological closing pressure and elastic properties
of the lung and chest wall affect the rate and the degree

of increase in residual volume and functional residual
capacity (Agostini et . al ., 1966 ; Dahlback, 1978 ; Hong et .

al ., 1969, and Robertson et . al ., 1978) .

The most common procedures for determining residual volume
are : (i) body plethysmography, (ii) open-circuit
nit~ogen washout, and tiii) closed-circuit gas dilution
procedures, either oxygen dilution (Wilmore, 1969 : Wilmore
et . al ., 1980) or helium dilution (Meneely et al ., 1949 ;
Mitchell and Renzetti, 1968 ; Ogilvie et a1 ., 1957) . Both
gas dilution procedures have been shown to be both reliable
and valid techniques for the measurement of RV, and are
both technically simple and relatively inexpensive for
either field studies or laboratory applications .

Residual Volume and Densitometr y

Although hydrostatic weighing is simple in prlnciple,
tect:nical problems can arise in practic3, particularly if
subjects are not accustorned to being in a submerged state
without air . One requirement of traditional
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hydrodensitometry is a'complete' expiration of air from
the lungs (je . to residual volume) while submerged .
However, subjects who are older, ~r who have a'fear of the
water', may not adquately expel all their air (Weltman and
Katch, 1981 ; Shephard, 1978) .

Recently, research has focused on the procedure of
underwater weighing with the subject retaining a volume of
air during submersion (Girandola et . al ., 1977 ; Ostrove and
Vaccar, 1982 ; Sawka et . al ., 1978 ; Thomas and Ethelidge,
1980 ; WeJ,ch and Crisp, 1958 ; Weltman and Katch, 1981) .
Underwater weighing has taken place at TLC (Timson and
Coffman, 1984 ; Weltman and Katch, 1981), at functional
residual capacity (FRC) (Thomas and Etheridge, 1980) and at
approximately 50 % of vital capacity (VC) (Welch and Crisp,
1958) .

Although hydrostatic pressure has little significant effect
on the residual gas volume, it has been shown that pressure
on the lungs during submersion can have a significan t
effect on larger lung volu~es such as total lung capacity
(TLC), inspiratory capacity (IC) and vital capacity (VC)
(Agostini et . al ., 1966) . However, the fundamental problem
is how to assess body volume at this increased lung volume
during submersion . This increased volume can range from
less than one liter at RV to 6 or 7 liters at total lung
capacity (TLC) . No author, as yet, has proposed a
theoretical adjustment for hydrostatic pressure on lung
volume during submersion .

I
I

Hydrostatic Pressure and Residual Volume

Hydrostatic pressure, je . the force of compression due to
the weight of water, has important effects on the chest and
lung volumes during submersion . Agostini and colleagues
(1966) estimated that the magnitude of the hydrostatic
presaure on the chest was 20 cm H20 when seated in a
vertical position, submerged up to the neck . A similar
value of 20 cm H2O was found by Flynn ( 1975) with
subjects seated in water up to the level of the 7th
cervical vertebrae . Interestingly, they found that a value
of 25 cm H20 was required to bring the subject's reduced
lung volumes back to the dry land values .

The effect of hydrostatic pressure on the RV at shallow
depths was considered ii tsignificant by Craig and Ware
(1967) ; however, other lung volumes have been shown to be
reduced 1-13 % when subjects were submerged to the neck
(Bondi et al ., 1976 ; Etheridge and Thomas, 1980 ; Girandola
et . al ., 1977 ; Robertson et . al ., 1978 ; Timson and Coffman,
1984) . On the cther hand, Girandola et . al ., (197 7 )
reported an increase i n the RV while submer,qed . The
increased RV may have been due to pulmonary vascular
engorgement ( central blood volume) or some unanticipated
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affect of submersion on the stomach or diaphragm (Lanphier
and Camporeesi, 1982) . Several other authors have also
found increases in RV with submersion . Carey et . a1 .,
(1956) showed a non-significant increase in RV (5%), and
Lawther (1969) demonstrated a significant increase in the
RV of young children who were submerged up to the neck, but
a decrease in the RV of older subjects .

Much of the research has shown a decrease in RV with
submersion . (Agostini et . al ., 1966 ; Bondi et . al ., 1976 ;
Brozek et . al ., 1949 ; Jarrett, 1965) .

The effect of hydrostatic pressure at relatively shallow
depths has been found to be inconsistant with regards to
total or partial lung volume . While some authors consider
the effects of submersion on larger lung volumes as
inconsequential (Craig and Ware, 1967 ; Welch and Crisp,
1958 ; Weltman and Katch, 1981), others have cited
significant changes due to hydrostatic pressure .

Prefaut et . a1 ., (1976) süowed total lung capacity (TLC) to
be reduced when the subject was submerged to the neck .
These authors ascribed the difference in lung volume to a
decrease in the maximum static pressure on the chest .
However, the loss of thoracic recoil may have diminished
this proposed effect .

Girandola et . al ., (1977) reported significant decr.eases in
the forced vital capacity (FVC), inspiratory reserve volume
(IRV), total lung capacity (TLC) and functional reserve
capacity (FRC), during submersion . As the lungs become
completely filled with air, the effects of hydrostatic
pressure become more significant, eg . (forced vital
capacity (FVC) decreases by 8 .9% . The in-water and
out-of-water lung volumes do exhibit a close linear
relationship and a high correlation (r~0 .95) (Girandola et .
al . 1977) .

Theoretical Adjustment for Hydrostatic Pressure

A theoretical adjustment of lung volume for hydrostatic
pressure during submersion has not been discussed in the
literature, but can be derived knowing the actual lung
volume and the depth below the water . The depth of the
central locus of pressure, or "centre of pressure" of the
lungs as described by Jarrett (1965), of a subject
submerged to the neck is 19 cm . below and 7 cm . bEahind the
sternal angle . The distance from the sternal angle to the
level of the chin is approximately 9-10 cm . on the average
reference unisex person (Ross and Wilson, 1973) . However,
in the downward tucked position necessary for hydrostatic
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weigh?.ng, an additional 12 cm . may be added to account for
the in.reased submersion . Therefore, the hydrostatic
pressure on the lungs in the tucked position would be
calcular.ed for a total depth of 40 cm, or a pressure of 40
cm H2 0 . It would of course be necessary to guaranty that
the body does not float toward the surface when the subject
has fillect the lungs with air .

Since gas volume is reduced by 50$ at 975 . cm H2O, a
depth o f 40 cm represents a theoretical gas volume
adjustment of 2 % for hydrostatic pressure .

Vital Capacity

To measure body density at any lung volume (LV), it is also
necessary to accurately measure vital capacity while the
subject is seated in the water . Shephard and Cox (1980)
have shown that SRL automated spirometers are an accurate
method of ineasuring expired lung volumes . The hot-wire
anemometer flow measuring devices have an error of
measurement of FVC of 2%, je . a volume of 30 ml . These
electronic spirometer.s have the additional advantaqe of
providing both a printed output as well as a digital one .
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3 .0 Method s

3 .1 Subjects and Data Collectio n

A group of subjects were tested by the methodology
described in 3 .1 to 3 .4 (Group 1), and cross-validated on a
second similar group (Group ?.) as described below :

Group 1 : a large sample of Canadian Forces personnel (125
females and 155 males) as a basis for the development of

the body fat regressi .on equations ;

Group 2 : a large sample of Canadian Forces personnel (66
females and 109 males) were measured by D .C .I .E .M .
personnel, and served as a sample for cross-validation of
the derived body fat regression equations .

Military personnel for Group 1 were drawn as a stratified
random sample of 320 subjects from four CF bases :

Airforce - CFB Trenton, Ontario

Army - CFB Petawa;la, Ontario
Navy - CFB Halifax, Nova Scotia
Support - CFB Downsview, Ontario

The requested sample for Group 1 :ts shown in Table 3 .1
below :

Table 3 .1 Requested random sample for Group 1

Age (years) anc'. Numbers of Subjec;ts

Discipline <30 30-39 40-49 >50

M F M F M F M F

Airforce 10 10 10 10 10 10 10 10

Army 10 10 10 10 10 10 10 10

Navy 10 10 10 10 10 10 10 10

Support 10 10 10 10 10 10 10 1 0

80 80 80

160 males, 160 females

8 0

Individual personnel were selected from the base files by
the officers ir ► charge of Physical Education and Recreation .

The sample included officers and enlisted personnel from
across Canada . Entry into the study was part of the daily
routine . Selection was thus independ~nt of any factors
known to be associated with body composition .
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A total of 280 subjects ( 1~5 males, 125 females) arrived for
the scheduled testing . The majority of the incomplete data
sets occurred in the 40-49 and >50 years age categories ,
particularly for females . Other age categories were
somewhat over-represented in the fina l sample as shown in
Table 3 .2 .

0
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Table 3 .2 Actual sample obtained for Group 1 .

Males Females Total
Age (yrs) Exp . Obs . Diff . Exp . Obs . Diff . Exp . Obs . Dit f .

<30 40 57 +17 40 60 +20 80 117 +37

30-39 40 37 - 3 40 43 + 3 80 80 0

40-49 40 39 - 1 40 16 -24 80 55 -25

>50 40 22 -18 40 10 -30 80 32 -4 8

Total 160 155 - 5 160 125 -34 320 280 -4 0

A certain number of subjects could not undergo, or
did not wish to complete, part of the testing,
usually the under water weighing . Of the 280
initial subjects, only 253 completed the entire test
battery (147 males and 106 females : Table 3 .3) .

Table 3 .3 Actual sample completing all tests for Group 1 .

Males Females Total
Age (yrs) Exp. Obs . Diff . Exp . Obs . Diff . Exp . Obs . Diff .

<30 40 56 +16 40 53 +13 80 109 +29

30-39 40 36 - 4 40 35 - 5 80 71 - 9

40-49 40 36 - 4 40 15 -25 80 51 -29

>50 40 19 -21 40 3-37 80 22 -58

Total 160 147 -13 160 106 -54 321) 25 -67
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Due to the small sample size in the older categories (40-49
and >50 yrs), these two age groups were subsequently pooled
into a >40 yrs . category .

The pooling of subjects from two age categories into one
representing middle-aged subjects might affect the
distribution of the data . Table 3 .4 shows the age
distribution of the subjects divided into 5 year intervals .
The gl (skewness) and g2 (kurtosis) values for each age
interval distribution indicated that :
(i) only males in the >50 yrs . interval had significantly

skewness of ages ,
(ii) female in both the 35-39 .9 and 50-54 .9 yrs . interval.s

were significantly skewed, an d
(iii) neither of the complete age distributions were

significantly skewed .

After pooling the subjects, the distribution of ages were
more evenly representative of all ages .

Table 3 .5 Distribution characteristics of 3 age groups (<30,
30-39, >40) in Group 1 of CF .

Age Sex N X

(yrs .)
SD gl g2

<30 M 56 24.1 2 .63 0.24 -1 .05 **
F 53 24.7 2 .86 -0.09 -0 .94 *

30-39 M 36 35 .9 2 .40 -0 .29 * -0 .5 5

F 35 33.8 2.44 0.22 -1 .28 * *

>40 M 55 47 .4 5.53 0 .93 ** 0 .6 8

F ld 45 .7 4 .84 0 .63 * -1 .24 * *

Total M 147 35 .7 10 .88 0 .29 * -0 .90 *
F 106 31.3 8 .36 0 .86 ** 0 .2 3

* p<0 .05
** p<0 .01
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Group 2- Canadian Forces Subgroup

This random sample of Canadian Forces personnel (66 females
and 109 males) was measured by D .C .I .E .M . staff in an
independent study (1980-1981) . The subjects were recruited
from CFB Toronto and CFB London (Ontario) . The ages ranged
from 17-49 years for males (mean age = 27 .5 + 8 .54 years) and
19 - 56 years for females (mean age - 32 .7 + 9 .14 years) .

Measurements taken on these subjects included stature, mass,
7 skinfold th .icknesses (triceps, biceps, abdomen,
subscapular, suprailiac, anterior thigh, medial calf), four
body and limb circumferences (neck, flexed biceps, abdomen 2
and calf), a .zd two bone diameters (bicondylar humerus and
femur) . Hydrodensitometry was used as the critexion measure
for body der.sity and relative body fat was determined by tr .e
equation of Brozek et al . (1963) .

Table 3 .4 Distribution characteristics of the age ranges in
Group 1

Age i: ~age± S .D. glg2+
(y )

Males: <25 38 22 .5 ± 1 .48 -0 .16 -1 . Z 7

25-29.9 19 27 .2 ± 1 .12 +0 .01 -1 .06

30-34 .9 13 33 .3 ± 1 .38 -0 .64 -1 .00

35-39.9 24 37 .4 ± 1 .40 +0 .26 -1 .19

40-44 .9 26 42 .7 ± 1 .60 -0 .25 -1 .08

45-49 .9 13 47 .8 ± 1 .20 +0 .25 -0 .48

50-54 .9 18 51 .7 ± 1 . 46 +0 .94* -0 .50

>55 4 60.5 ± 2 .75 - 0 .01 -5 .26*

Group 155 36 .2 ±11 .01 +0 .22 -1 .0 1

Females: <25 30 22 .3 ± 1 .58 -0 .61 -0 .24

25-29 .9 30 2 7 .3 ± 1 .31 +0 .22 -0 .96*

30-34.9 26 32 .2 ± 1 .38 +0 .30 -0 .84

35-39.9 17 36 .8 ± 1 .19 +0 . 90* +0 .98

40-44 .9 12 42 .1 ± 0 .95 - 0 .65 +0 .04

45-49.9 4 47.2 ± 1 .06 -0 .41 +1 .40*

50-54.9 6 52.7 ± 1 .48 - 0 .88* -1 .73 *

>55 4 60.5 ± 2 .74 -0 .05 -5 .26*

Group 125 31 .7 ± 8 .44 +0 .79 +0 .1 0

+ gl - skewness ; g2 - kurtosis

* sig . gl (p < .05 )

** sig . g2 (p < .05)
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3 .2 Measurement of Residual. Volume

The closed-circuit heli.um dilution technique was used to
measure residual lung volurie . The RV methods described
here have bee.n taken from tue literature (Ogilvie et al .,
1957) . Although other procedures are available including
oxygen dilution (Wilmore, 1969, Wilmore et al ., 1980) and
nitrogen washout. (Courriard et al ., 1941), we have found
the helium dilution procedure to be very reliable
(test/retest coefficient of r= 0 .98, with a difference of
44 .6 ± 47 .4 ml between duplicate readings) . It is also
quick and inexpensive .

The key components of the RV procedure are :
(i) a hyperoxygenated gas with helium and ni.trogen

components serves as the dilution gas ;
(ii) the gas is distributed throughut the alveolar gas

volume by dilution from a single br.eath of fixed
volume (Ogilvie et al ., 1957) as compared to
distribution c~f gas molecules over 6 breaths
(Mitchell and Renzetti, 1968) .

(iii) the volume of gas to be inhaled was fixed at 2 .0,
3 .0, or 4 .0 liter : ; with the intent of approximating
75% of FVC for ea ::h individual .

1
I

A five litre ansesthesia bag was flushed and filled to 2,
3, or 4 litres, with a mixed gas containing : helium 10 .65%,
oxygen 25 .1$ and nitrogen 64 .3% .

The apparatus i.s shown in Figure 3 .1 . One end of an
anaesthesia bag was f.'itted to a three-way sliding valve
with a clean mouthpiece attached at the input port . The
three-way valve connected the subject to either room air
or the rebreathe bag . The other end of the bag was
attached to the tank of mixed gas by a 2-way valve and
rubber tubing .

A calibrated syringe, placed between the tank and the
2-way valve, was used to fill the anaesthesia bag
accurut.aly . A second 2-way valve connected the
rebreathing bag to the helium analyzer for analysis .

The Cambridge Gas Analyser system consisted of a
Katharometer (model C742787), a galvanometer (model

L433919), a six volt batteiy power source (Cambridge Gas
Analysis Instruments), and a m .tcrocatheter sample pump
(Beckman Instruments, series 551, Palo Alto, Calfornia) .

The pump was used t.o move the gas :aample through the
system to the analyser . The percent helium values were
read fro~,i an analog scale on the galvanometer . A11 values
and fittings in the system were checked carefully for
leakage .
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At the beginnzng of each trial, the helium gas was passed
through the analyser to establish the initial helium
concentration .

Test Administration

The subject sat comfortably in front of the analyser,
wearing a noseclip and a ti.ghtly fitting mouthpiece .
After expiring to residual volume, the sliding valve wa s
opened to the rebreathe bag . The subject inhaled the
entire contents of the bag and held this gas in the lungs
for ten seconds counted out as "one thousand-and-one, one
thousand-and-one . . ." . At the end of the time as checked
from a clock, the subject expired maximally into the bag
and the sliding valve was closed . The contents were then
mixed and analyzed . After approximately 2 minutes, trial
2 was conducted in a similar fashion . If the first two
trials were not identical, & third trial was included, and
the two closed values were then used for that subject .

Calculation of RV by helim dilution was done as follows :

RV . Vbag
he2 (FIhe2 - FEhe2 )

~ - DSBTPS

where :

RV = residual volume (ml )

Vbaghe2 - volume of helium gas mixture in the holding
bag at the beginning of the proceudre

F1
he2 = the inspired fraction of helium at the

beginning of the procedur e

F
Ehe2 a the expired fraction of helim at the point

of equilibrium

DSBTpS • external dead space of the mouth piece and
valve corrected to BTPS (-65 m1 )

3 .3 Measurement of Total Body Densit y

The density of the body was determined by the Archimedian
principle of buoyancy, ie . D-M/V . The body volume was
assessed by measuring the difference between the
mass-in-air (Ma) and the mass-in-water (My), since the
we .ight loss is equal to the weight of the water
displaced . This volume must be corrected for both the
density of the water (which is temperature dependent), and
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for any residual gas volumes, eg, residual volume (RV),
vital capacity (VC), gastrointestinal gas (CI) and air
trapped in hair and clothing .

The gas content of the gastrointentinal tract, hair and
clothing is not usually measured ; rather a volume of 100
ml (BTPS) is substituted for what is assumed to be a
relatively constant volume (Buskirk, 1961) . Neglecting
this correction leads to a potential error of 0 .14% and
0 .17% in predicted body volume bassd on average body
volumes of 73 .6~ 1 . and 59 .40 1 . for males and females,
respectively .

The measurements required for the proper determination of
body density are :

(i) body mass in air - Ma (in kg) ,
(ii) body mass submerged in the water - Mw (in kg),
(iii) water temperature (in °C) ,
(iv) data for RV calculation from the helium dilution

procedure :

(a) initial gas (h~lium) concentration - F I

(b) final gas (helium) concentration - FE
he 2

he2
(c) gas volume in the bag - Vbaghe (in 1),

(d) gas temperature (in °C), 2
(e) barometric pressure (in mmxg),

(v) lung volume seated in water (in 1) ,
(vi) mass of equipment (weight belt, chair, nose clips)

in water (in kg) .

The pool water temperature was tecorded xrom a
mercury-probe theLmometer at the beginning of each test .
In the laboratory, the pool is electrically heated, and
averages 31°C . However, durir+a field testing, the
swimming pool water temperatur® was only heated to
25-28°C,. The temperatures were recorded to the nearest
full dectree centrigrade .

Body mass in the air was measured by a balance-beam scale
(Health-O-Meter) calibrated with known weights prior to
the study, and balanced prior to each day's testing . The
subject was weighed without footwear, in light clothing
(swimsuit, shorts and light shirt, approximate mass 0 .2
kg), and measurements were made to the nearest 0 .1 kg . It
is important that the scale be situated on a flat surface
while all measurements are being made .

The underc:ater weighing system constructed at the
University of Toronto, School of Physical and Health
Education consists of a square-section tank measuring 205
cm x 122 cm x 122 cm, with a weighing apparatus suspended
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from an overhead beam of structural aluminum . A 15 kg
Chatillon autopsy scale, accurate to 0 .2$ of full scale,
is used to measure underwater weight . A chair used by the
subject is attached to the scale via an adjustabl e
pulley . This adjusting mechanism allows the subject to be
orienL•ed vertically at the proper depth in the water, ie .
seated in the chair submerc~ed to the neck .

The hydrostatic weighing chair was designed to offer a
stable support for the subject . As shown in Figure 3 .2,
the square tubular structure was constructed of
inexpensive 3 cm ABS plastic plumbing pipe . Chair
segments were drilled with small (0 .4 cm) holes so that
the chair would not float . Although the size of the chair
(60 x 60 x 90 cm) was sufficient to provide comfortable
seating for both tall and broad subjects, experience has
shown that a further modification for head clearance would
be desirable for very tall subjects, such as certain
classes of athletes .

Measurement of body density at various field locations was
accomplished by employment of a suitable platform and
scale support . This structure was made adjustable for use
in swimming pools . A triangular plexiglass and aluminum
support (Figure 3 .3) provided : (i) a solid platform for
the vertical scale support, (ii) a clear visual field and
accessibility of the subject, and (iii) unobstructed
space for manipulation of spirometry hoses and equipment .
A frontal plexiglass plate was added to reduce any wave
motion effects on the suspen3ed hydrostatic chair and
subject . In addition, the pool supervisor in most cases,
agreed to restrict usage of the aquatic centre to research
personnel and subjects ; this also minimized any wave
effects .

While the portable apparatus could not be faulted from the
viewpoint of safety, the position of the primary
technician, from an ergonomic standpoint, was less than
desirable . Depending on the water level, the main support
surface was normally set approximately 20-30 cm above the
water . The operator responsible for interacting with the
subject sat on the pool edge, another 15-20 cm above the
water . While the manipulation of the spirometry hose for
the subject was not difficult, the operator was obliged to
hunch over, reachina down some 30-40 cm . This position
was tiresome, and would only be acceptable for short term
field studies . While performing the same tasks in the
laboratory, the operator rnay sit or squat at the side of
the tank, slightly below the water line . With this
arrangement, the management of the subject, data
collection, and general safety are all optimal .
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Accuracy of reading the Chatillon Scale is not a serious
problem from the seated position on the platform . If a
technician were observing the scale arm from an extreme
angle, parallax can cause the apparent reading to be
slightly above or below the actual reading .

The problem of parallax was avoided by having a second
technician responsible for reading and recording the scale
values as well as the spirometric data . This operator sat
comfortably, directly in front of the scale face at the
same height as the dial .

The principal operator was responsible for : (i) providing
information to the subject, ( ii) assuring that the
subject follows the necessary procedures while in the
water, ( iii) maintaining technical accuracy, e .g . seeing
that lung volume is collected properly with the automatic
spirometer, (iv) assuring the subject's safety, and (v)
acting as a co-recorder of scale readings . When this
principal operator was seated normally on the platform, he
was 30 cm below and 60-80 cm away from the scale .

The ur.derwater weight was determined in two ways : (i)
read directly from the Chatillon Sca1e by each of the
operators, and (ii) recorded on a 2 channel strip recorder
(Can Lab Linear 1200) as the fine movement of the
Chatillon Scale arm sensed by a potentiomete r on the
spindle of the arm . The accuracy of the electronic
recording system was 0 .10 Kg . of under waterweight .
Figure 3 .4 shows a typical tracing of the underwater
weight in which the oscillations of the scale can be seen ;
the central locus is the accepted value for the underwater
weight ( including chair weight) .

An automated spirometer ( SRL M-10) was positioned near the
support so that the intake tube could easily be extended
to the subject in the water . The spirometer was
calibrated for volumes of 1, 2, 3, and 4 litres with a
metered calibrating syringe . The accuracy of ineasurement
of forced vital capacity ( FVC) has been shown to be 30 ml,
or ± 2$ ( Shephard and Cox, 1980) . This accuracy level
falls within the standards of the American Thoracic
Society (±3 % or 5oml) .

Procedure 1 : Hydrostatic weighing at maximal expiration

The method for hydrodensitometry at maximal expiration to
residual volume (HWme) is as follows :
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i) The subject was instructed in advance bnth by
written and verbal communication to fast: for 5
to 6 hours prior to testing while avoiding a11
carbonated drinks .

ii) The subject was asked to wear a light-weight
nylon bathing suit .

iii) Upon arrival in the test area, the subject was
asked to void both the bladder and the GI tract
if possible .

iv) The subject carefully read and signed the
consent forms .

V) At the hydrostatic weighing station, seated out
of the water, the subject was asked to perform
the pulmonary function test (forced vita l
capacity (FVC) ; forced expirator.y volume in 1
second (FEV 1 .0) and peak flow rate (PF)) 3
times on the automated spirometry . The average
of the two highest scores was recorded for each
variable .

vi) Measurement of residual volume (RV) by helium
dilution .

vii) Measurement of body mass in air .

viii) The subject was re-instructed as to the purpose
of the underwater testing and procedures . (At
this time some subjects chose to withdraw from
any further involvement in the testing . In
accordance with the consent form and conditions
agreed with the University of Toronto Office of
Research Administration (OR), such subjects
could continue with otner sections of the body
composition evaluation, or retire from the
study as they wished) .

ix) The subject, fitted with a 2 .8, 4 .0, or 5 .2 kg .
scuba we .ight belt, was asked to lower himself
carefully into the water using the steps, and
to sit in the submerged liydrostatic chair . The
weight belt mass underwater was recorded for
later underwater weight adjustment ; this belt
had corresponding volumes of 0 .56, 0 .58, and
0 .60 1 for the 3 masses in air . These volumes
were used to correct for the chair/equipment
weight .

I
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xi) The subject was given further preliminary
instructions, and was fitted with a standard
noseclip, if desired .

xii) The subject practiced the breathing procedure
by performing 2-3 maximal expiration trials to
residual volume .

xiii) The subject completed 5-7 trials in which
maximal expiration to RV was done underwater .

xiv) The underwate: weight was taken to be the
average of the 3 highest but consistant values
recorded within ± 10 c;m . If the subject was
not completely submerged on a given trial, that
trial was disregarded .

:v) The subject was then prepared for the second
procedure, ie . hydrostatic weiqhing at any lung
volume (HWlv) . During the field testing, the
hydrostatic wei.ghing at. maximal expiration
HWme preceded the HWlv . The ordering of '
the testing procedure was necessary because the
time to l.earn the HWme procedure is more
prolonged, and in theory, the HW1 does not
require much learning (Weltman anVd Katch ,
1981) .

Procedure 2 : Hydrostatic weighing at any lung volume

This second procedure (HWlv) was not very differenr in
the preparation, pre-test, or habituation phases from
HWme . The procedure was as follows :

i) The sub.ject was informed about the purpose and
technique to be used in the second procedure
and the nose clip was positioned .

ii) The subject took a breath, not necessarily
maximal., and submerged the head approximately
10 to 15 seconds . WhïlQ a tight seal around
the mnuth piece was requested, any air leakage
was clearly visible .

iii) When the subject re-surfaced, the air still
held in the lungs was expired into the SRL M-10
spirometer ; this exp3.red volume of air was
recorded both from the digital display (visual)
and from the strip rcorder (hard copy) in much
the same way as the simultaneous underwater
weight .
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iv) The practice sequence was repeated 1-2 times to
fami :liarize the subject with the new procedure .

V) The test sequence involved 3 repeats of th e
procedure, or until 2 trials were completed
correctly .

Calculations of total body density ( BD) and percent body fat
(%BF)

The general formula for calculating boay density (BD) is
mass/volume, wh ere density is expressad as g/cm, and
body mass and volume are in kilograms and liters,
respectively .

The formula for calculating body density using underwater
weighting at tnaximal expiration is :

(Ma - Mw )

dw

(y)

Ma

(RV + 0 .1 )

The formula or calculating body density using underwater
weighinq at vital capacity is :

BDvc " -

Ma

(Ma - Mw)
- (LV + RV +0 .1)

dw

The percentage of body fat was determined from the simple
algebraic equation of Brozek et al . (1963) that
incorporates the average densities of the fat(dfm~ and
fat-free(dff) tissues (0 .900 g/cm3 and 1 .10 g/cm ,
respectively~ :

(FM + FFM)
BD =_ (10)

FM + ~M

dfm dffm

Since the density of the whole system equals the ; plus
the FFM ( ie . FM+FFM= l), then :

1
BD = (11)

F~I + FFM

dfm dffm
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The proportional contribution of the fat is derived by
rearrangement of equation (il) :

%BF =
(12)

1

(dfm) (dffm) dfm

(dfm-dff,.n) (dfm-dffm)

This equation is then reduced by substitution of the
average densities of the FM and the FFM (Brozek et . a1 .,
19'53) :

%BF = 100 4•5 ! - 4.142 (13)
BD

3 .4 Procedures for anthropometric body composition assessment .

Anthropometric variables can be grouped inte 3 categories :

i) Linear measurements, including :

- stature
- lengths
- diameters (widths )
- circumferences (girths, casings )

ii) Mas s

iii) Skinfold thicknes s

All measurement.s must be made accurately by a skilled and
experienced anthropometrist . The reliability and validity
of any measurement can decrease considerably when
perfarmed by inexperienced personnel . Anth~opometri.c
measurements must be learned by the anthropometrist
through both proper teaching of protocols and hours of
practice . The author was trained in the anthropometric
protocols of the International Biological programme . Thr•a
reliability of each measurement by this anthropometrist
lies between 0 .90 and 0 .99 . The validity and reliability
of these measurements are discussed elsewhere .
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Anthropometric Protocol s

The 47 anthropometric measures used in this study come
from 4 sources :

i) International Biological Programme (IBP) (Weiner and

Loure, 1969 ; Weiner and Lourie, 1981) ;

ii) Montreal Olympic Games Anthropometric Program
(MOGAP) protocols (Borms et al ., 1979 ; Ross et al .,

1982) ;

?.ii) Behnke and Wilmore (1974) ;

iv) Heath-Carter Somatotyping (Heath and Carter, 1967 ;

Carter et al ., 1983) .

i
I
i
t

Table 3 .6 compares and contrasts the 4 sources . The

primary protocol used in th?.s study was the IBP h-andbook
"Practical Human Biology", (Weiner and Lourie, 1981) which
is a reprint of the original IBP handbook "Human Biology :

A Guide to Field Methods", (Weiner and Lourie, 1969) . The

anthropometric procedures desr.ribed by Weiner and Lourie

have been followed with only 4 exceptions : (i) flexed

upper arm (bicep) circumference, and (ii) chest depth
(antero-posterior chest width), plus a clarification of
(iii) suprailiac/iliac, and (iv) subscapular skinfolds .
The description of upper arm oircumference contracted in
the IBP protocol requires measurement of the tensed arm
with elbow bent at 90 and the humerus in the same
lorgitudinal axis as the trunk . Thus the tape around the
arm is held in the horizontal plane . By contrast, the

Somatotype, MOGAP and Behnke and Wilmore protocols require
the maximally flexed arm to be held perpendicular to the
axis of the body with the tape around the arm in a 90
cross-sectional plane to the axis of the upper arm . To

meet the requirements of the Heath-Carter Somatotype
protocol, contracted biceps circumference was defined by
the MOGAP/H-C protocols .

The chest depth is defined by IBP and MOGAP as the maximal

anterio-posterior distance fxom the sternum to the tip of
the spinous process at the union of the 3rd and 4t h

sternebrae, in a plane perpendicular to the body axis .
Ross and Marfell-Jones (1982) use the term mesosternale
level for the application point of the spreading caliper
olive tip . The timing of the measurement is "end of
normal expiration (end tidal)" (Ross and Marfell-Jones,
1982, p .89) . However, the fundamental ditiference in the
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Table 3 .6 . Variable List, with indication of source,
recommendations and procedures made in other studie s

No. Variable Source Comment
_ _IBPMOGAP B&W OTHER

1 Stature cm. x x x HC
2 Sitting

Height cm. x x x

Skinfolds

3 Biceps x x x
4 Triceps x x x HC
5 Subscapular 1. x x HC 1 . IP=

Left
Scapul a

6 Supr.ailiac x x
7 Iliac (supra-

spinale) x x HC
8 Chest x x x
9 Mid-axillary x x x
10 Abdomen x x x
11 Anterior

Thigh x x x
12 Calf

(medical) x x x HC

Circumference s

13
14

Head x x x
Neck x 2 x

15 Shoulder
16 Chest x

X
X 3

17 Abdomen 1 x x
18 Abdomen 2 x x
1^ Gluteal x x x

20 Thigh x x x
21 Knee x
22 Ca1f x x x HC
23 Ankle x x x
24 Upper Arm

Flexed 4 x x HC

2 MnGAP
above
larynx

3 not
for
women
-below
breast

4 . IBP
Protocol
arm not
elevated
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25 Upper Arm x x x
26 Forearm x x x
27 Wrist x x x

Diameter s

28 Shouldar
29 Biacromial
30 Chest

31

X

X

(Ant .-Post.) 5 x

X

(rransverse) x
Chest

x
X

X

32 Billiac
(biilio-
cristal) x x x

33 Bitrr.

cha.nt e..i~ x
34 Bi ccndyi.a r

Femui• x x x HC
35 .ànkle x x
36 B.icond yla r

Humerus x x x HC:

37 wrtht x x
38 Hand X

Lengths

39 Total Arm L . X
40 Total Arm

Segment x
41 Forearm

Segment c
42 Ht . o f

Acromion x

43 Ht. o f
A .S .I .S . X x

44 Ht . o f
Tibiale x x

45 Tibiale Length x
46 Foot Length x x
47 Body Mass x x x HC

Calculated :lengths

Upper Arm Segment X
Hand Segment x
Trunk Length x
Leg length x
Head Ht . X

5 . IBP=
standing
subject
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two protocols is the body position during measurement, je .

standing verses seated (IBP and MOGAP protocols,

respectively) . Past experience with both protocGls,
particularly with respect to very tall subjects, which is
common in athletic populations, has led to acceptance of

the MOGAP procedure for A-P chest depth . It is easier to

be consistant with the subjects seated and the calipers
placed over the right shoulder and into the mesosternal

position .

Two skinfolds on the right lateral side of the trunk cit the

level of the ilium were taken : (i) suprailiac SF in the

mid-axillary line (Behnke and Wilmore, 1974 ; Ross and

Marfell-Jones, 1982), and (ii) iliac or supraspinale SF as
defined by Heath-Carter, IBP and MOGAP protocols . This was

done to allow description by Heath-Carter endomorphic
components, and calculation of BF using prediction
equations which require iliac SF in the anterior axillary
line such as Durnin and Womersley (1974) and Drinkwater and

Ross (1980) .

The MOGAP protocol has been extensively used in the
assessment of elite athletes (Borms et al ., 1979 ; Carter et

al ., 1982) . This protocol includes the variables nece.ssary

to estimate body shape and musculo-skeletal proportions
using the Heath-Carter protocol, but it does not include
all the mEaasurements necessary to test various body
composition prediction equations or methods for the
fractionati.on of mass (Behnke and Wilmore, 1974) .

The subscapular skinfold in the IBP protocol states " . . .

the skinfold is picked up under the inferior angle of the

left scapula . . ." (Weiner and Lourie, 1981, p . 41) . Most

protocols today, including that of Durnin and Womersley
(1974), have the subscapular skinfold raised inferior to

the right scapula . The skinfolds in the Nutrition Canada

surveys have also been taken on the left side of the body .

However, there is general agreement that no statistical
difference in skinfold readings exist between measurements
on the right vs the left side of the body (Jette, 1982) .

The current anthropometric standards for Nutrition Canada
Surveys (Demirjion, 1980), the Canada Fitness Survey
(Bouchard, 1984), and past and present research on the
Canadian Forces (Jette, 1984 personal communications ; Bell

and Cox, 1983) have been based on the IBP protocols .

Finally, the BehnkP-Wilmore procedures as described in
"Bvaluation and Regulation of Body Build and Composition"
(1974), are very widely used in the United States . The

development of the "reference man" and 'reference woman' by
Behnke required a more extensive list of circumferences and

diameters . Behnke used many more circumferences than mos
t

I
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protocols incorporate ; specifically, the additional girth
measures include : shoulder, 2 abdominal, knee and ankle .
Similarly, eight measures of body diameter were take n
including : left and right wrists, ankles, knees and
elbows . While both right and left extremity widths were
not measured the following Behnke and Wilmore diameters
were included :

- bideltoid (shoulder)
- biacromial
- chest
- biiliac (biiliocristal)
- bitrochanteri c
- knee (bicondylar femur ; right)
- ankle (right )
- elbow (bicondylar humerus ; right )

The Behnke and Wilmore (1974) procedures do not include any
body segment lengths . For a complete description of li2iear
proportionality, limb and trunk lengths were included . The
majority of these measurements were done according to the
IBP protocol as shown in Table 3 .6, with the only exception
being the height of the acromion from the floor which was
taken from Ross and Marfell-Jones (1982) ; this protocol
allows the addition of ineasurements of trunk length, head
and neck height .

Anthropometric Convention s

Anthropometric descriptions are given with reference to 3
primary planes with the subject standing erect :

- the Sagittal plane (antero-posterior axis)
- the Transverse plan e
- the Frontal plane

Landmarks sites

There are various landmarks which can be marked as
reference points for the accurate placement of instruments
such as anthropometers, sliding calipers and skinfold
calipers . The following points were marked on the standing
subject with a red dermographic pencil :

i) mid-upper arm : a dot was placed on the lateral
aspect of the arm, midway between the superior and
laterial border of the acromion and the tip of the
olecranon process of the ulna . A point horizontal to
this dot was placed on the anterior mid-line for th.e
biceps skinfold and on the posterior mid-line for the
triceps skinfold .
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ii) mid-axillary lïne : a dot was placed on the
mid-axillary line, 3 cm above the ilium for the
placement of the suprailiac skinfold .

iii) anterior axillary ls.ne : a dot was placed on the line
of the anterior axillary border ( armpit), at the
level of the iliac crest ( 7 cm above the anterior
superior iliac spine) .

iv) mid-thigh : a dot was placed halfway between the
m' d -inguinal point and the upper anterior point of
the patella, with the knee flexed at 90 .

I

I

Measurement technique s

i) Linear measurements

Body stature was measured in a free standing position
with the feet closed and head in the Frankfurt
(horizontal) plane . The instrument used was a Siber
-1-.egner GPM anthropometer of the Martin type . The
foot of the anthropometer was fixed to the floor and
the top attached to a wall support . Subjects were
assisted into a stretched posture by the application
of gentle pressure on the mastoid process (Weiner and
Lourie, 1969, Ross and Marfell-Jones, 1982) .

Body diameters are useful measures of both body and
skeletal size . Measurements of linearity (limb length,
trunk length, head and neck height) and non-linearity (limb
thickness, trunk thickness) can be incorporated into both
'Gestalt' and 'non-Gestalt' models of body physique .

Like all anthropometric measurements, lengths and diameters
require detailed knowledge of body landmarks and
standardized procedures . Body lengths and some larger
widths (shoulder, chest, biacromial, biiliac,
bitrochanteric) are made in a standing anatomica .l
position . Following identification and marking of
landmarks, the subject stands facing away from the
anthropometrist . Measurements proceed in a systematic
order so that speed and accuracy of ineasurement are
maintained, but not at the expense of the subject's
convenience . Once the standing measurements have been
compl.eted, the seated measurements are taken (knee and
anklEa widths, foot and shank length, and sitting height) .
The calipers are positioned as described in Ross and
Marfell-Jones (1982) ; Weiner and Lourie (1981), and Eehnke
and Wilmore (1974) . Behnke and Wilmore (1974) provide the
most extensive list of body diameters .
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The anthropometric equipraent used in this research was the
Siber - Hegner anthroporneter which includes a large sliding
caliper (A) and small sliding bone caliper (B) . A11 body
lengths and some larger widths (shoulder, chest,
biacromial, biiliac, bitroc1a3nteric) were made with the
large anthropometer . Other i..mall diameters (elbow, wrist,
hand, knee, ankle) were measur.ed with the small sliding
caliper (Table 3 .7) .

Table 3 .7 Instruments used in measuring body length and diameters
measurements

Standing

(Widths) (Lengths)

Shoulder A
Biacromial A Acromial Height A
Chest A Spinale Height A
Biiliac A Tibial HeigY.t A
Bitrochanteric A

Total Arm Length A
Elbow B Total Arm, Segment A
Wrist B Forearm Segment A
Hand B

Sitting

i

I

Knee B Shank A
Ankle B Foot length A

Sitting Height A

(A = Anthropometer ; B a Sliding Caliper )

The scale on the large anthropometer can be read to 0 .1
cm ., eg . biacromial width 39 .1 cm ; the vernier scale of
the small sliding calipers is accurate to 0 .01 cm ., eg .
elbow diameter 6 .12 cm . Howpver, the data read from the
sliding caliper was reco.rded to only 1 decimal place,
eg . 6 .1 cm ., since the best estimates of tolerance are
1-2 mm (Borms et al ., 1979 ; Weiner and Lourie, 1969) .

A flexible Lufkin metal tape was used to measure all
body girths . The tape was checked against a one meter
steel measuring ruler .

I
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The major source of error when taking body
circumferences is the compression of soft tissues with

the tape . Unless care is taken to exert only a constant
light pressure of the tape on the body segment beinr
measured, considerable error can arise . The test-retest
reliability of girth measurements by a trained
anthropometrist is similar to skinfolds, je . 0 .90 -
0 .96 .

A second important source of error is the dispac2ment of
the tape from the horizontal plane a:'ound the body
segment (with the exception of flexed bicep girth as
previously mentioned) .

The following 15 body circumferences were measured in
this study :

head
neck
shoulder
chest
abdomen 1
abdomen 2
gluteal
thigh
kne e
calf
ankle
flexed upper arm
relaxed upper arm
forearm
wrist

A11 measurements were made according to the Behnke and
Wilmore (1974) protocol except the chest circumference
for .'amales ; chest girth in females was taken at the
same position, mesosternal, as the males . This decision
was based on the desire for primary compliance, as
required by the IBP protocol .

(ii) Body mas s

Body mass was measured on an accurately calibrated
balance-beam scale (Health-O-Meter, Continental Scale
Corp ., Bridgeview, Illinois), and recorded at a
precision of 0 .10 kg . (Borms et al, 1979) . The subject
was lightly clad in a bathing suit only, adding
approximatel.y 100 gms . It was not possible to measure
all subjects in the early morning as testing was
scheduled from 8 :30 a .m . to 5 :00 p .m . Thus, the
subjects were asked to void bladders and GI tracts
before weighing . They were instructed prior to the
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3 .5

testing not to avail themselves of food o~ drink 6 hours
prior to the scheduled body composition test
appointment .

(iii) Skinfold thickness

Skinfold thicknesses were measured with a Harpenden
skinfold caliper (Bull Instruments Ltd ., England) .
These cali~ers are designed to exert a constant pressure
of 10 g/mm of caliper face over a face area of 3 5
mm2 . While measurements are usually recorded to 0 .2
mm (Canadian Standardized Test of Fitness, 3rd ed .,
1985), some researchers read to the nearest 0 .1 mm (Ross
and Marfell-Jones, 1982) .

A double fold of skin and subcutaneous fat is picked up
with the thumb and index finger such that : (i) the fo]d
includes a double layer of skin and subcutaneous fat,
and (ii) the calipei is placed one centimeter from the
anthropometrist's fingers, but on the exactly
pre-determined site as defined by the protocol . The
caliper jaws are closed on the fat fold for 2 seconds of
full pressure, the reading ±aken, and the caliper
removed .

While the movement of the caliper needle should slow
after 2 seconds, this is not always the case ; however,
the protocol requires caliper readii .g after 2 seccnds of
tissue compression .

The 10 skinfold measurements which were taken incluùe :

- biceps
- tricep s
- subscapular
- suprailiac
- iliac (supraspinale)
- chest
- mid-axillary
- abdome n
- anterior thigh
- medial cal f

Prediction of body fatnes s

Two methods of estimating body fatness were evaluated :

(i) multiple regression analysis of independent
anthropometric variables against the dependent
variable, je . percent body fat (as determined by
hydrodensitometry), and
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(ii) a model in whïch the sum of skinfolds, adjuste :d for
stature and mass, is transformed to an index of
relative body fatness (Behnke and Wilmore, 1974 ;
Katch and Katch, 1983) as presented in section 3 .6 .

Multiple regression models using (i) skinfolds, (ii)
circumferences, and (iii) all variables are outlined in

sections 3 .6 and 3 .7 .

Prediction of Estimation of Body Fatnes s

When determining an appropriate body fat prediction
equation, the follawing statistical and biological
considerations must be satisfied :

the characteristics of the primary group of subjects
being used for the determination of the estimations
must be clearly defined ,

(ii) the ratio of the number of variables entered into the
regression equation to the number of subjects tested
must be considered and should be >1 :20 ,

(iii) the variables selected must not be high.ly correlated
amongst themselves (multi-collinearity) ,

(iv) account must be taken of the non-linear association
of body density with the independent variables ,

(v) allowance must be made for the effects of age and
gender on the observed relationships .

(i )

Regression Procedure

The Maximum R2 Improvement procedure (MAXR) as des'ribed

in the SAS Users Guide (1979) was employed . The R of

each variable, or combination of variables, was examined
for each new variable entry ~iy using a switching algorithm

searching for the greatest R . Variables are included in

the mc,del only if they attain <0 .10 probability levels from

the partial F test .

The difference between the MAXR and normal stepwise
techniques is that any exchanges of variables in the MAXR
model are made after the examination . However, in the
stepwise procedure, removal of variables with smal .l partial
F ratios precludes any consideration of the effects of the
addition of the 'best of the remaining' variables .

Group Homogeneity : Normalit.y and outliers

Samples were tested for gLoup homogeneity, and where
necessary, the effect of eliminating outlying values
tested . While Dixon's test (Dixon, 1950) is suitable fo r
samples of <25, suspected outliers in samples >25 can be
identified by the technique of Grubbs (1969) :
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c=
S .D .

(Xi - X)

where Xi = outlier valu e

X

S .D .

mean value of the sampl e

0 standard deviation of the sample

critical value (a critical value for
elimination of a suspected outlier is
c>0 .10 )

C a

To reduce the set of anthropometric variables to a more
manageable and appropriate regressor set, a preliminary
factor analysis was carried out by gender . This procedure

identified variables which were closely related to the fat
and fat-free components (Jackson and Pollock, 1976 ;

t4eleski, 1980 ; and Thorlund et al, 1984 a,b) . The

percentage of variance accounted for by each factor in both
the rotated and unrotated positions served as a criterion

for the optimal grouping of variables . Mukherjee and Roche
(1984) suggested that a preliminary non-statistical

selection was also useful in reducing the number of
variables .

To reduce 'the effects due to a high correlatinn among the
independent variables, the correlation matrix was
scrutinized . Selected variables were : (i) highly
correlated with the dependent variable, and (ii) not
highly correlated with each other . For example, since the
subcutaneous skinfold thicknesses were highly correlated
with each other, the sum of skinfolds was used to reduce
the potentially confounding effects of multi-colinearity .

Since the rela .ionship between body density and skinfold
thickness is curvilinear, a better fit should be obtained
with a log or quadrat:ic transformation . Therefore, the
following derivations of skinfold thicknesses were examined
in relationship to body density and relative body fatness
from hydrodensitometry :

(i) one or more skinfolds (chosen from the 10 measured),
(ii) sum of skinfolds (sum of 10, 5, 4, 3, 2) ,
(iii) log sum of 4, 3 and 2 skinfolds ,
(iv) quadratic transformations of sum of skinfolds .

The relationship of circumferences to body fatness is also
thought to be curvilinear (Hogdson et al, 1984) . The need
for log transformed rel.ationships were evaluated by linear
regression analysis .
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3 .6 Body fat estimation from skinfold thicknes s

Relative body fat prediction equations were developed rising
a reduced set of anthropometric variables as discussed in
section 3 .5 .

Determination of the bes od is based on :

(i) maximum R2 improvement (MAXR )

(ii) the smallest standard error of the estimate ( S .E .E .)
(iii) LKallow's c(p) criterion (Mallow, 1973) .

The subsets of variables with c(p) less than or equal to

the number of variables is the least restrictive condition

for the optimal model (Mallow, 1973 ; Mukherjee and Roche,

1984) .

The generality of the 'best' model is then cross-va.lidated
against a second group of males and females having a
similar background, occupation and age as the main sample .

Behnke Scaling Model of (AB) body fat prediction f .ron
skinfold thicknesses

The procedure of Behnke and Wilmore (1974) has recently
been adapted (Katch and Katch, 1983) for use with 5
skinfolds (triceps, subscapular, suprailiac, abdomen and
thigh) rather than radiographic measurement of fat
thickness . The sum of skinf93,~s (SF) is scaled by the 3F
factor, ie . 3(massjstature) /, where stature is
measured in decimeters (dm) . Body fat is then calcu] .ated
from :

SF

$ BF = (14)
(3F) (Ksf )

where Ksf is a constant derived from reference data, and
is determined as :

Ksf ~
SFref

(15 )

3 Mref 1/2 BFre f

Statref

where BFref is a reference body fat based on a suitable
standard such as hydrodensitometry, Mref and Statref
are reference body mass (kg) and stature (dm) .

In the present research, the reference values are sex and
age-specific group mean values for stature, mass, % body
fat from hydrodensitometry, and sum of 5 skinfolds . Table

3 .8 gives an example of a Ksf calculation, and Table 3 .9
gives the reference values used for the CF sample .
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Table 3 .8 An example of K f calculations for reference young
males (F.atch an~ Katch, 1983 )

Stature = 18 .42 dm . (or 184 .2 cm .),
Mass = 72 .16 kg .
Sum 5 SF = 67 .3 mm . (triceps, subscapular,

supcailiac, abdomen, thigh)
Mean %BF ~ 15 .3 %

67 . 3

I
i
I
I
I
I
I

I

t
I

=K5 f
31/ 72 .1611/2 (15 .3)
`18 .42J

~ ~L74 1

Table 3 .9 Sample description of 'reference' Canadian Forces
(CF) personnel

Age (yrs) < 30 30-39 > 40

Males :

5 SF (mm) 73 .6 89.2 88 .6

Ht (cm) 173.8 173.9 174 .9

Ht (dm) 17.38 17.39 17.49

IS (kg) 75.1 78.9 79.5

% BF 16.3 19.5 21.7

AGE (yrs) 24.1 35.9 47 .6

Ksf 0.724 0.716 0.634

N = .57 37 61

Females :

5 SF (mm) 87.8 99.4 101.5

Ht (cm) 164 .1 164.0 165 .3

Ht (dm) 16.41 16.40 16.5 :3

M (kg) 60.4 62.3 64.0

% BF 23.2 26.8 27.1

AGE (yrs) 24.8 34.0 45.9

Ksf 0.658 0.634 0.635

N = 60 43 22
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3 .7 Body fat estimation using all variable s

3 .8 Body fat estimation using circumferences only

Relative body fat prediction equations were developed
using all variables from the reduced list . The best
regression model for all variables for each sex was
derived from the following list of variables :

(i) all skinfolds
(ii) sum of skinfold s
(iii) log of sum of sktnfold s
(iv) circumferences from the reduced variable set
(v) bony diameters from the reduced variables set
(vi) stature
(vii) age .

I
The best models of cirr.umferences only and all variables
were derived by :

(i) maximum R2 improvemen t
(ii) minimum standard error of estimate (S .E .E .)
(iii) Mallow's c(p) criterion .

The models chosen were then cross-validated on the other
Canadian Forces group .

3 .9 Musculo-skeletal proportions and somatotype (Heath-Carter
procedure3 )

The technique of somatotyping most commonly used today was
developed by Heath and Carter (1967) . This procedure
employs anthropometric measures to give a more reliable
estimate of Sheldon's conceptual 'whole' somat .otypes
(Sheldon et al, 1940) which, in the past, were judged
subjectively . The 3 primary components of somatotype
are :

- endomorphy (component 1)
- mesomorphy (component 2)
- ectomorphy (component 3 )

Each of the 3 components of somatotype are defined by a
normalized scale, originally 1 to 7(Sheldon et al, 1940),
but later redefined as 1 to 9(Heath, 1963 ; Sheldon et ad,
1969) . More recently, with the development of computer
programmes and regressions for the calculations of
somatotype (Carter, 1980 ; Heath and Carter, 1967), each
comporent of somatotype has been considered as a
contin,ious variable from a minimal rating of 0 .1 (Ross and
Marfel!.-Jones, 1982) to a maximum in the general rang e
of 9 . The anthropometric variables required ror the
Heath-Carter Somatotype (H-C) calculation are outlined in
Table 3 :10 .
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3 .10 Anthropometric variables collected for the determination
of Heath-Carter somatotype

(i) Stature (cm)
(ii) Mass (kg)
(iii) Skinfolds (mm )

- triceps
- subscapula r
- iliac (supraspinale)
- medial cal f

(iv) Circumferences (cm)
- flexed upper arm
- cal f

(v) Diameters (cm )
- bicondylar humerus (elbow)
- bïcondylar femur (knee )

Ç1

I

Endomorphy

The sum of 3 ~kinfolds (3SF), triceps, subscapular and
iliac, are entered into a cubic equation to predict a n
endomorphy score (I) :

I ffi - 0 .7182 + 0 .1451 (3SF) - ~ .00068 (3SF)2

+ 0 .0000014 (3SF )

Ross and co-workers (Ross and Marfell-Jones,
to an adjustment of the endomorphy score for
scaling data to the stature described by the
phantom (170 .18 cm, Ross and Wilson, 1973) .

adjustment was made for comparison, and will
to as endomorphy -2 (I-2) . It is calculated

(16 )

1982) refer
stature by
unise x
This
be referred
as :

170 .18 (I )
I-2 = (17)

(Stature )

Mesomorphy

The assessment of musculo-skeletal robustness by the
Heath-Carter 2nd component, mesotnorphy, used corrected
circumferences and body diameters in combinati<n with
stature .

The maximal girths of the biceps (flexed) and calf are
adjusted by reducing circumference for the overlying
skinfold thickness (triceps and medial calf skinfold
thicknesses, respectively) .
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The bony diameters used in H-C somatotyping are the
bicondylar humerus (elbow) and bicondylar femur (knee) .
These variables are standard 'non-Gestalt' measures of
musculo-skeletal robustness (Behnke and Wilmore, 1974 ;
Metropolitan Life, 1980) .

The regression equation for calculation of the H-C second
component (II, Mesomorphy) is :

II ~ 0 .858 ( E) + 0 . 6 01 ( K) + (0 .188 ( B-TSF))
+ O .161 ( C-CSF)) - ( 0 .131(S) + 4 .5 0

where :

E= elbow or bicondylar humerus diameter (cm)
K= knee or bicondylar femur diameter (cm)
B= flexed upper arm circumference (cm )
C = calf circumference (cm)
TSF = tricep skinfold (cm )
CSF = medial calf skinfold (cm)
S = stature (cm )

Ectomorphy

The third H-C somatotype component, ectomorphy, is
assessed from statur~ ~nd mass, using a ponderal index,
te . [stature/(mass) /] . The regression equation for
ectomorphy (III) is :

0 .732 (Stature )

III = (M)1/3 ~ - 28
.58 (18 )

The scores for ectomorphy have qualifiers ; where the index

is less than 40 .75, but greater than 38 .28, the regression

equation is modified to :

0 .463 (Stature )

III = - 17.63 (19)
(M) 1/ 3

If the index is less than or eaual to 38 .25, a minimal
rating of 0 .1 is assigned (Ross and Marfell-Jones, 1982)
since negative values are unrealistic . For average males
(170 cm) and females (160 cm), the minimal body mass to
achieve a score of 0 .1 would be 87 .8 kg and 73 .2 kg,
respectively .
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Analysis of Somatotype

While a somatotype is a conceptual whole, it is most often
viewed as 3 separate components whose scores arc: each
deri.ved from specific anthropometric variables . Thus the
description of somatotype must include both tha component
parts and the entire somatotype in order to completely
assess the variation of body build .

Means, variance and standard deviations can be calculated
for each somatotype component, je . endomorr~hy (endomorphy
-2), mesomorphy, and ectomorphy . Also tradit .ionally
included in a descriptive analysis of so9~~type is the
ponderal index score, ie . [stature/(mass) ] .

However, to describe the true 'Gestalt' nature of
somatotype, single scores have been used to describe each
individual in a 3-dimensional (3-D) space . Traditionally
such displays of somatotype, called somatoplots, wer e
2-dimensior.al (2-D) r.epresentations of the 3-D space . The
2-D displays were used to represent the subjects visually
by sex, age, or activity group . However, it should be
st:ressed that such 2-D somatocharts do not always provide
a satisfactory measure of the true distance between
somatoplots because of the 3-C'i nature of the endo-, meso-,
ectomorphy components (Carter et al, 1983 ; Duquet and
Hebbelinck, 1977) . Therefore, 2-D and 3-D analysis of
somatotype dispersion should include : (i) somatotype
dispersion distance (SDD), and (ii) somatotype
attitudinal distance (SAD), respectively .

Two-dimensional somatotype analysi s

The bidimensional analysis of somatotypes considers the
distance between somatopoints in a 2-D somatoplot . The
somatotype dispersion distance (S .D .D .) is the distance
between any two somatotypes on a somatoplot . The mean
somatoplot is calculated from an X-Y grid as :

Y ~ 2(11) - (III + I )

where : I ~ endomorphy score
II = tnesomorphy scor e

III a ec,tomorphy score

I
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The somatotype dispersiQn distance ( SDD) is then calculated
as :

SDD1,2 = (3(X1 - X2)2 + (Y1 - Y2)2)1/2 (20)

where (X1,Y1) and (X2,Y2) are the coordinates of
somatoplot:s 1 and 2 .

The somatoptype dispersion mean ( SDM), or the somatotype
dispersion index_(Ross and Wilson, 1973), is the scatter
about the mean ( S) in 2 dimensions and is calculated as :

n

SDM = ~ (SDDi /n) (21)
i

where SDD1 is the distance from somatotype ( 5 1 ) to the
mean of the soma~oplot ( S) . The variance of this
dispersion is SD .

Three-dimensional somatotype analysis

Although graphical representation of 3-D space is more
complicated, it is the best method of analysis of
somatotype . Carter and co-workers ( Carter et al, 1983)
have presented a sophisticated, analytic procedure called
the somatotype attitudinal distance ( SAD), which describes
the distance between somatopoints in a true
three-dimensional way . The SAD has a scatter about the
mean ( S) calle~ the somatotype attitudinal mean (SAN) with
a variance, SA .

SAD1,2 a ((Il-I2)2 + (II1-IÏ2)2 + (III1-III2)2)1/2 (22 )

where I, II and III represent endo-, meso-, and ectomorphy
respectively, and the subscripts are between 2 groups . The
somatotypes attitudinal mean (SAN) is calculated as :

SAN (SADi / n) ( .~.3)

The distance between any two somatoplots in the 3-D
comparison is an actual distance, crhile the distance
between the 2 somatopoints when pictured in 2-D is only a

projection since the X and Y coordinates must first be
derived . The 3-D somatatype was used in this analysis as
its attitudinal distance is preferred because of the
reduced variance of the distribution about the mean
somatoplot (S) .

Calculation of varianc e

It is common nowadays to use tests of significance not j ust
a simple mean of components in the analysis o f
somatotypes . The measure of variability of somatotypes
within a population, about a group mean ( S), for both two-
and three- dimensional somatoplots, are calculated as :
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Sr~2 = SDD12 / (n-i) (24)

SA2 = SADi2 / (n-1) (25)

Prior to testing the significance between group somatotype means ,
a test of homogeneity (equality of variance) is necessary for
either SDM or SAM . Carter et al, (1983) recommend a Hartley's
Finax test as described by Winer (1971) :

S1 2

3-D
: max 522 . _

SAD12

(nl - 1 )

I

2 (26)
SAD2

(n2 - 1 )

Tests of significance between independent group somatotype means
are derived from the sum of squared deviations of the somatotype
attitudinal distance, je . SAD1~2, and compared by either a
t-test or analysis of variance .

(S1 - S 2 )
t value = (27)f7 (SAD12) + (SAD22) 1 1 1/ 2

(nl + n2 - 2) nl Jj

F value =
ditreatment

df error

~ n j (j v) 2/ (n-1 )
= + + (28)

(SADj) 2

Reference data for Canadian somatotype characteristics are shown
in Table 3 .11, from Bailey et al ., (1982) . This data is a
subsample (N=2520) of the 13,599 participants in the YMCA-LIFF
program, categorized by sex and age (15-69 years) . Although it is
a relatively large sample, it is probably biased towards the more
physically active members of the community . This reference group
data is employed in the analysis because SDM and SAN are provided
for each sex and age-specific group .

sstreatment

SSerror



Table 3 .11
. Reference Canadian somatotypes characteristics by

age and sex . The scores for the Heath-Carter
computer calculations are based on 2520 YMCA
volunteers studied by Bailey et al . (1932) ;(Mean ± S,p,) ,

Sex Age N Endo Meso Ecto(yrs) SI»! 5AM

Male 15-19 161 3 .02 4 .65 2 .75 4 .91 2 .16(±1 .43) (±1.51) (±1 .38 )

20-29 205 3 .66 5.04 2 .13 4 .70 2 .07(1 .52) (1 .23) (1 .19 )

30-39 213 4.07 5.38 1 .80 4 .42 2 .00(1 .49) ( 1 .32) (1 .04 )

40-49 203 4.11 5.23 1.65 3.84 1 .76(1 .25) (1 .23) (0 .97 )

50-59 231 4 .14 5 .49 1 .59 3 .63 1 .66(1.15) (1 .16) (0 .87 )

60+ 187 3 .94 5 .11 1.71 3 .77
(1.16) (1,14 1 .69

(0 .96 )

Female 15-19 235 4
.33 3.69 2.41 3.78 1 .69(1 .21) (1 .08) (1 .04 )

20-29 219 4.42 3 .75 2 .39 3 .85 1 .74(1 .19) (1 .18) (1 .08 )

30-39 200 4 .47 3.87 2.34 3 .88 1 .76(1 .33) (1 .03) (1 .08 )

40-49 262 5.24 4 .35 1 .85 4 .25 1 .93(1 .41) (1 .34) (1 .01 )

50-59 248 5.37 4.43 1 .74 4 .02 1 .81(1 .29) (1 .27) - (1 .01 )

60+ 156 5.35 4.69 1.62 4 .36 1 .97(1 .34) (1 .35) (1 .08)

31)
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Reference data for the athlete groups are drawn from the
most recent Olympic profiles of somatotype available
(Carter, 1984) . The mean and standard deviations of each
somatotype component are given by sex and by sport . The
values are given in Table 3 .12, below .

Table 3 .12 Reference athlete somatotypé characteristics by sex and
by activity . Heath-Carter somatotype based on the data of Carter
(1984) ; (Mean ± S .D . )

Activity Sex N " Endo Meso Ecto SDM SAM

Swimming

Rowing

M 98 2.1 5 .0 2 .9 4 .57 1 .79
±0 .6 ±0.8 ±0 . 7

F 59 3.2 3.9 3.0 3.22 2 .86
+0 .8 +0 .7 +0 . 9

M 150 2.2 5.2 2.5 3.46 1 .28
±0 .6 ±0.9 ±0 . 8

F 51 3.1 3.9 2.8 3 .05 1 .36
±0 .8 ±0.9 ±0 . 8

Comparisons of the 'Gestalt' somatotype score and
components were made for selected anthropometric variables
which are measures of musculo-skeletal robustness .
Anthropometric variables can be compared to somatotype
component scores, e .g . sum of skinfolds versus endomorphy,
but such analyses must be approached with caution since the
interpretation of results can be misleading . Independent
anthropometric variables and somatotype may, or may not, be
related .

If a variable is not a somatotype calculating component, it
is treated independently . Regression analyses of SDD or
SAD and independent variables, eg . abdominal circumference
provide proper measures ~f association (partial r and even
multiple correlations, r) . Methods of regression
analysis were evaluated by tetrachoric correlation, and
tested for significance by cüi-square .

I
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4 .0 Results

4 .1 Sample

The mean ages of the <30, 30 to 39, and >40 yrs . groups

were 24 .1 and 24 .8 yrs ., 35 .9 and 34 .0 yrs ., and 47 .6 and

45 .9 yrs . for males and females, respectively .

The male and femaJ.e Canadian Forces sample char.acteristics

are described by age groups in Tables 4 .1 . There is a

significant increase in body mass for each age group .(<30

yrs . = 60 .4 and 75 .1 kg . ; 30-39 yrs . = 62 .3 and 78 .9 kg . ;

and >40 yrs . = 64 .0 and 79 .5 kg ., for females and males,

respectively) .

There was a r~ignificant increasc in the stature of both
males and females in the older age category (>40 yrs .),
with 1 .2 and 1 .3 cm . differences in height for the females
and 1 .1 and 1 .0 cm . differential for the males of the <30
and 30-39 yrs . age groups respectively .

Table 4 .1 Reference study data for female (N=125) and male
(N=155) Canadian Forces personnel by age group .

I
I

Groups by Age

<30 30-39

Females :

>4 0

N 60 43 22

Age (yrs) 24 .8 34.0 45.9

Stature (cm) 164.1 164.0 165 .3

Mass (kg.) 60 .4 62.3 64 . 0

Males :

N 57 37 61

Age (yrs) 24.1 35.9 47 .6

Stature (cm) 173.8 173.9 174 .9

Mass (kg.) 75.1 78.9 79 . 5

I
I
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4 .2 Residual Volumes

Two pre-study evaluations of the procedures of residual volume
measurements were carxied out, the results of which ara
presented in Appendix 7 .3 . These pre-study rasults suggested
that the Helium dilution (RVh ) procedure of ogilvie et al .,
1957 was appropriate for the ~F field tests to be carried out at
the various Canadian Forces bases .

Results of the CF study are shown in Table 4 .2 . '!'he prediction
equations of Bass (1964), je . 25% of FVC, and Goldman and
Becklake (1959), ie ., regression of stature and age, and Wilmore
(1959) have been selected as the procedures for use in this
research when residual volume by helium dilution is not
measured . The Goldman•-Becklake RV equation which does not
requïre the measurement of forced vital capacity was used as the
standard RV prediction equation for cross-validating the various
body fat prediction equations on other groups .

Table 4 .2 shows the residual volumes of the female and male
subjects as mr'asured by helium dilution and predicted by the
procedures of Bass (1964), Goldman and Becklake (1959), and
Wilmore (1969) . The results of all RV prediction equations werc
significantly different from the helium dilution measured RV for
females and males .

However, for the CF females, the density and relative fatness of
the body were not significantly different for calculations using
residual volumes of helium dilution and Wilmore's RV
prediction . For the CF males, although the Goldman-Becklake RV
prediction was sïgnificantly different from the RV measured by
helium dilution, the body density and relative body fat were not
significantly different . Thus the prediction procedure for
residual volume for the males and females differs and neither
FVC nor height and age have reliably predicted the RV as
measured by helium dilution .



Table 4 .2 Residual volumes of the study sample of the canadian
forces as measured by helium dilution and predicted by equations
from the literature (Bass 1964, Goldman and Becklake 1959, and

Wilmore 1969) .

I

I

1
I
e

I

RV Method

Females :

Mean S .D. S.E. G.V .
(ml) (ml) (ml) (% )

Ii.iium dil . 121 1305.2 289.9 26.4 22 .2

Bass (1964) 123 960 .8 170 .7 15.4 17 .8

Goldman-Becklake 125 1642 .9 224 .4 20.1 13 .7

(1959 )
Wilmore (1969) 123 1076.1 191.2 17 .2 17 . 8

Males :

Helium di1 . 150 1676 .1 403 .0 32 .9 24 .1

Bass (1964) 152 1269 .8 242 .8 19 .7 19 .1

Goldman-Becklake 155 1864 .6 258.7 20.8 13 .9

(1959 )
Wilmore (1969) 152 1219 .0 233.1 18.9 19 .1
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4 .3 Hydrodensitc„netry

The results of the body density measurements and body fat
calculations using measured and predicted RV for the CF sample
are present~ad in Table 4 .3 .

Table 4 .3 Body density and % body fat of Canadian Forces
personnel with residual volume measured by helium dilution and
by three prec.iction equations ( RVB - Bass, 1964 ; RVGB
Goldman and xiecklake, 1959 and RVW - Wi7.more, 1969) for 106
females and 147 males .

Vethod N Mean S .D. B .E . C .V .(% )

Females :

DB-RVHE ( g/cm3) 106 1 .0405
DB-RVB ( g/cm3) 106 1 .0350
DB-•RVCB ( g,/cm~) 106 1 .0469
Dg -RVW ( c~/cm ) 106 1.0370
BFw42VIiE ( $) 106 25 .1
BF-RVB ( `k) 106 27 .4
BF-F'.VGB (%) 106 22 .3
BF-RVw (%) 106 26 .6

0 .0152 0 .00148 1 .5
0 .0154 0 .00150 1 .5
0 .0158 0.00154 1 .5
0 .0157 0 .00152 1 .5
6 .45 0.63 25 .7
6 .56 0 .64 2 3 .9
6 .62 0.64 29 .5
6.66 0.65 25 . 1

Males :

DB-RV IIE (g/cm3) 147 1 .0549 0 .0167
DB--RVE (q/cm3) 148 1.0498 0 .0177
DB-RVCB (g/cm3) 148 1 .0583 0 .0156
D g-RVW (g/cm3) 148 1 .049 0 .0176
BF-RVH IÎ (%) 147 19.1 6.82
BF-RVB ($) 148 21.2 7.35
BF-RVCB ($) 148 17.7 6.76
BF-RVW ($) 148 21.5 7.32

0 .00137 1 .58
0 .00146 1 .69
0 .00136 1 .57
0 .0015 1 .7
0 .56 36 .1
0 .60 34 .6
0 .56 38 .2
0 .60 34 .0
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One question being addressed i n thïs research wa.s the
effeat of submersion on lung volume ( LV) as it pertains
to hydrostatic wei.ghing, and the .:alculation of relative
body fat ( $Hr") . Table 4 .4 shows the difference that a
2 .05 % adjustment ( 4 0 cm H 2O ) makes tu LV and the $i1F
when measured by hydrostatic vaeighing at maximal
expiration ( HWme) . The mn an diif'erences of 0 .42 and
0 .50 % BF for females and Lnales, respectively, are due to
t

'
e effects of a potentiel hydrostatic pressure of 40 cm

HO . Table 4 .5 shows tho differences among relative
body fatness as calcul.ated from uïiadj ixsted and adjusted
hydrostatic waighing at any lung volume ( HWIv) as
assessed by three trials and udjusted and adjusted
hydrostatic weighing at any 1 u ng volume ( HW vadj) .
There are n~ significant differences among ~he results
since the variance of the underwater weighing procedures
are grea ter than that between corrected and uncorrected
calculations: of body fatness . Table 4 .6 gives the body
density and percerzt body fat for the CF sample by age
group and gender .

Table 4 .4 Adjusted* lung volume (LV) and relative body fat
(%BF) for three trials on 109 females and 145 males in the C .F .

N LV ~ %13F $BFadj~1~ *

Females :
Trial A 111 3 .26 3 .33 22 .2 22 . 7

8 109 3.05 3 .11 22 .8 23 .2
C 109 3 .03 3.09 23 .0 23 . 4

Mean --- 3 .11 2.18 22.7 23 . 1

Males :
Trial A 146 3 .87 3 .95 17.8 18 .3

Ii 147 3 .72 3 .80 18.4 18 .9
C 145 3.70 3 .78 18.6 19 . 1

Mean --- 3.76 3 .84 18.3 18 . 8

* Adjusted for a hydrostatic pressure of 40cm H2O, i.e . 2 .05$
** LV measured at the time of hydrostatic weighing
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Table 4 .5 Measurement o f body fatness by hydrostatic

weighing at maximal expiration (HW and at any lung

volume (HW1v), and the e Pfect of a~3usting (FlWlvadj )

for the effect of 40 cm H20 hydrostatic pressure .

(Values are means ± S .D .) .

Sex N BF-HWme HF-HWiv 8F-HWlvaUj .

Males 147 19.1 18.4 18.9
±7.5 ±7 . 4

'errales 106 25.1 22.8 23 .2
±6.5 ±6.8 ±6. 7

Table 4 .6 Body densïty and % 8F for the CF, by gender and by
age . (Mean ± s .13 . ) .

Age Stature Mass 8MI 5SF Ilensity %13F

(yrs .) (cm.) (kg .) (kg/m2) (mm .) (g/cc )

Fema .ler3 :
<30 é0 24.8 164 .1 60 .4 22.4 87.8 1 .045 23 . 2

53* ± 2 .92 ± 6 .30 ± 8 .51 ± 2 .90 -►j • 30 .85 ± .0149 ± 6 .2 7

30-39 43 34 .0 164.0 62 .7 23 .3 99 .4 1.037 26 .8

..i5* ± 2 .60 ± 7 .38 ± 9 .89 ± 3 .13 ± 36 .28 ± .0157 ± 6 .03

>40 22 45.9 165.3 64.0 23 .4 101.5 1.036 27 .3

18* ± 4 .82 ±, 4 .79 ±10 .47 ± 3 .46 ± 30 .30 ± .0120 ~ 5 .2 6

Total 125 31 .7 164.3 61 . :3 22 .9 94.1 1.041. 25 .1

106* ± 8 .44 ± 6 .44 ± 9 .40 + 3 .09 ± 33 .03 ± .0153 ± 6 .4 5

Males :
<30 57 24.1 173 .8 75 .1 24 .8 73.6 1 .062 16 . 4

56* ± 2 .62 ± 7 .08 +10 .24 ± 2 .89 ± 32.18 ± .0171 + 6 .94

30-39 37 36 .0 173.9 78 .26.1 89.2 1.054 19 .5

36* ± 2 .41 ± 5 .8d ± 9 .25 ± 2 .89 ± 37 .04 ± .0166 ± 6 .8 1

>40 61 47 .6 174 .1 79 .5 26 .2 88.6 1 .049 21 .7
55* ± 5, .39 ± 6 .94 ±ll .li5 ± 3 .09 ± 30 .23 ± .0136 ± 5 .6 4

Total 155 36 .s 174 .0 77.25.7 83.2 1 .055 19 .1

147* ±ll .0l ± 6 .72 ±l0 .E12 ± 3 .02 ± 33 .3 ± .0167 ± 6 .8 2

* number completing both hydrostatic weighing and anthropometry .
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4 .4 Musculo-skeletal Proportions and Fatness .

An additional question to be considered in this research on
fat measurement concerned the reliability and validity of
anthropometry as conducted by an experienced
anthropometrist and examples of the P .E .R .I . staff as
currently trained . The results are found in Appendix 7 .4 .
lt would be concluded that the test-retest reliability of a
skinfold or circumference is greatly dependent upon
experience and training . However, the inter-observer
measurement error is considerable even with well-trained
personnel . The reliability of skinfold and circumference
measurements are about the same . However, skinfold
measures are more directly related tn body fatness and not
just body size .

Generally there are significant gender and observer
differences in skinfold thickness measurement, with the
triceps and thigh skinfolds being the most divergent
between the sexes . There was significant inter-observer
difference in skinfold measurement of ~)„],, skinfolds except
the triceps 5F . There were no trial differences and no
significant interactions between gender-observer-trial for
the skinfolds .

For circumference measurements the neck, abdomen, flexed
and unflexed upper arm girths and the wrist showed
significant observer differences . However, there were not
significant trial differences although the knee girth had
an error probability of 0 .07 . The knee and gluteal gïrths
did show significant or near significant interactions
between observer and trial measurements .

I
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Musculo-skeletal proportions : descriptive statistics of the
anthropometric variables .

The aithropometric measurements of the CF sample are
described in more detail in Tables 4 .17a, b and 4 .18
where the mean, standard deviation, skewness (gl) and
kur*oeis (G2) statistics of the body mass, stature and
varus circumferences are shown for both males and
females .

Table 4 .7a Descriptive statistics for mass, stature and body
circumference measurements on 155 CF male s

Measurement Mean S .D .

Mass (kg) 77 .8 10.8 0.88* 0 .07

Stature (cm) 174 .0 6.7 0.24 0 .07

Head (cm) 57.0 1.7 0.71* 0 .72**

Neck (cm) 38.9 2.0 0.40* 0.69**

Shoulder (cm) 114 .8 5.6 0.42* 0 .43
Chest Sn (cm) 104 .2 6.0 0.13 0 .00

Chest (cm) 101.0 6.1 0.10 0 .21
Bust (cm) _-_ ___ -__ -
Abd 1(cm) 87.3 8.3 0.31 -0 .32

Abd 2(cm) 89.9 9.1 0.23 -0 .55**

Gluteal (cm) 98.4 6.5 0.81* 1.68

T'high (cm) 57.7 4.4 0.32* -0.02

Knee (cm) 38.6 2.2 0.20 -0.55**

Calf (cm) 37 .8 2.6 0.19 -0 .51

Ankle (cm) 22 .5 1.3 0.31 -0 .09

Flexed Upper
Atm (cm) 34.5 2.5 0.11 0 .79**

Upper Arm (cm) 32.5 2.5 -0.26 1 .49**

Forearm (cm) 28.5 1.5 0.61* 1.49**

Wrist (cm) 17.5 0.9 0.27 0.2 6

+ gl = skewness ; g2 = kurtosis
* sig . gl (g< .05 )
** sig . g2 (g< .05 )

I
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Table 4 .7b Descriptive statistics for mass, stature and body
circumference measurements on 125 CF fumales .

Measurement Mean S.D . gl+ g2+

Mass (kg) 61.8 9.4 0.79* 0 .86**

Stature (cm) 164.3 6.4 0.26 0 .20

Head (cm) 54.4 1.6 0.41* -0 .27

Neck (cm) 32.6 2.1 0.63* 0 .37

Shoulder (cm) 99.4 5.4 0.24 0 .66

Chest Sn (cm) 90.5 6.2 0.34 -0 .02

Chest (cm) 86.9 6.3 0,45* 0 .45

Bust (cm) 92.1 7.6 0.72* 0 .93**

Abd 1 (cm) 72.7 7.5 1.06 1.86**

Abd 2 (cm) 79.3 8,8 0.97* 1 .47**

Gluteal (cm) 96.4 6.9 0,17* 0 .57

Thigh (cm) 57.3 4.7 0.55 0 .72

Knee (cm) 36,7 2.8 0.50* 0 .95**

Calf (cm) 35.4 2.9 0.37* -0 .05

Ankle (cm) 21.3 1,4 0.18 -0.40

Flexed Uppe r

Arm (cm) 29.4 3.0 0.84* 1 .72**

Upper Arm (cm) 28.4 3.0 0.74 * 1 .19**

Forearm (cm) 24.3 1.7 0.37* -0 .04

Wrist (cm) 15.3 1.0 0.41* 0.35

+ g1 ffi skewness ; g2 ~ kurtosi s
* sig . gl ( g< .05)
** sig, g2 (< .05 )

Table 4 .18 presents the body diameter measurements of the CF
sample again divided i nto males and females .

I
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Table 4 .8 Descriptive statistics for body diametn.r measurements

in 155 males and 125 females in the CF .

Measurement Mean S .D. gl+ g2 +

Males :

Shoulder 46.5 2.2 0.64* 1 .05**

Biacromial 40.1 2.0 0.35* 0 .56

Biiliac 28.7 2.0 -0.20 0 .90

Bitrochanteric 34.5 2.0 0
.57* 0 .56

Humerus 7.2 0.4 0
.41* -0•05

Wrist 5.9 0.3 -0.25 -0 .01

Femur 9.6 0.5 0.07 -0 .18

Ankle3 7.2 0.4 0.09 0
.06

Chest (trans) 29.8 1.8 0.19 0
.04

Chest (A-P) 21.6 2.0 -0.03 -0 .4 2

Females :

Shoulder 40.1 2.1 0.18* 0 .12

Biacromial 36.4 1.7 0.35* 0 .52

Biiliac 28.7 2.0 0.68* 0 .08

Bitrochanterïc 35.3 2.7 0.68* 1 .41*

Humerus 6.2 0.4 0.43* 0 .01

wrist 5.2 0.3 0.24 0 .52

Femur 8.8 0.5 0.40* 1 .05*

Ankle 6«4 0.4 0.19 2 .74*

Chest (trans) 26.2 1.7 •-0 .04 -0 .29

Chest (A-P) 18.4 1.7 0.20 0 .53

+ g = skewness ; g2 = Kurtosi s

* sig . gl (g<,05)
**sig . g2 (< .05 )

Table 4 .9 shows the descriptive rtatistics of the 10 skinfold
thicknesses measured in this study (biceps, triceps,
subscapular, suprailiac, chest, abdomen, iliac, mid-axillary,

anterior thigh, and medial calf) . A11 skinfolds exhibit a

positive skewness (g1) for males ranging from 0 .33 to 1 .90,

while females show skewness statistics from 0 .47 to 1 .59 . Thigh

skinfold is interesting since not only is the mean d?.fference

between males and females 12 .2 mm . (13 .3 ± 6 .8 mm . and 25 .5 ±

9 .8 mm ., for males and females, respectively), but the variance

of the females iE twice a large (46 .3 and 96 .8, males and

females, respectively) . Similarly, females had more medial calf

subcutaneous fat than males (18 .7 ± 6 .2 mm . and 10 .3 ± 5 .1 mm .,

for males and females, respectively) . However, the males had

significantly more fat at the suprailiac (22 .8 ± 9 .3 mm . vs 17 .8

± 7 .9mm .) and abdominal (21 .2 ± 9 .8 mm . vs 18 .5 ± 9 .8 mm .) sites

than did the females .
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Table 4 .9 Descriptive statistics for skinfold thickness
measurements on 155 males and 125 females in the CF .

Males :

Biceps 5.2 2.7 1.51* 3 .39**
Triceps 12.0 5.0 0.94* 1 .38**
Subscapular 14.0 6.3 1.76* 4 .00**
Suprailiac 22.8 9.3 0.38* -0.60**
Ant. iliac 10.7 5.1 1.13* 1 .67**
Chest 11.3 4.8 0.33* -0 .69*
Abdomen 21.2 9.8 0.40* -0 .41
Axillary 12.6 5.8 0.84* 0 .40
Thigh 13.3 6.8 1.90* 4 .76**
Cali 10.3 5.1 1.00* 1 .28* *

Females :

S .D . gl+ g2+

Biceps 7.7 3.4 0.91* 0 .34
Triceps 19.0 6.0 0.61* -0.05
Subscapular 14.0 7.0 1.59* 2 .98**
Suprail.iac 17.8 7.9 0.94* 0 .59
Ant. iliac 11.9 5.9 1.03* 0 .89**
Chest 9.1 4.8 1.04* 0 .89**
Abdomen 18.5 9.8 0.78* -0 .14
AxillaF-y 11.9 5.5 1.04* 0 .63
Thigh 25.5 9.8 0.87* 1 .12**
Calf 18.7 6.2 0.47* 0 .03

+ gl ~ skewness ;
*sig . gl (g< .05)
**sig . g2 (< .05)

g2 = kurtosi s

Table 4 .10 shows the correlation coefficients among the skinfold
sites . Generally higher correlations are found among
independent skinfold variables (0 .35 to 0 .86) than between
independent (% body fat from hydrodensitometry) and dependent
variables (individual or sum of skinfolds) . The highest
correlation (0 .86) i .s between suprailiac and either the
abdominal or anterior iliac for the males ; however, the highest
correlation (r) for the females was found between the
subscapular and mid-axillary skinfolds . The correlations
between the triceps and abdomen skinfolds were 0 .68 and 0 .80 for
females and males, respectively .
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Table 4 .10 Pearson product correlation (r) matrix of skinfold
thickness measurements on 155 males and 125 females in the CF .

Male s

Bi . Tri . Sub . Sup . Che . Abd . Ilia . Axil . Thi . Cal f

I
1

I

Bi . -- 81 73 73 78 74 73 83 69 70

Tri . 70 --- 75 82 74 80 81 79 82 82

Sub . 73 68 -- 72 74 78 74 78 62 64

Sup . 71 74 83 -- 74 86 86 80 85 72

Che . 56 63 73 73 -- 77 73 85 58 62

Abd . 71 68 76 74 63 -- 83 81 66 67

Ilia . 75 69 82 78 67 85 -- 80 e7 73
Axil . 69 64 87 83 77 78 84 -- 62 64

Thi . 53 67 37 46 35 43 50 39 -- 82
C~lf 55 74 51 56 50 56 56 48 72 --

Legend :

8i . ~ biceps, Tri . ~ triceps, Sub . - subscapular,
Sup . - suprailiac, Che . - chest, Abd *+ abdomen ,
zlia ~ anterior iliac, Axil . ~ axillary, Thi . = thigh,
Calf ~ cal f

Figure 4 .1 illustrates the general relationship between
skïnfolds (in r.: is case, the sum of 4 skinfolds (biceps,
triceps, subcapular and suprailiac) from Durniri and Womersley ,
1974) and body density for the Canadian Forces (N-253) .

Table 4 .11 gives the descriptive statistics for the body
composition parameters of the CF males and females . The sum of
skinfolds are skewed and show some kurtosis similar to the
individual skinfolds ; however, logarithmic transformation of
these sums of skinfolds reduces the skewness . Note that neither
body density nor body fatness are distributed in this skewed
manner .

I
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Table 4 .11 Descriptive statistics for the body composition
variables of 155 males and 125 females in the C .F .

Variable

Males :

Mean S .D .

BD (q/cm3) 1.055 0.016 +0.03 -0 .35
BF ($) (N=147) 19.1 6.82 +0.05 -0 .40
Sum 5 SF (mm) 83 .2 33.4 +0.85* +1 .12
Log sum 5 SF (mm) 1.89 0.18 -0.18 •-0 .49
Sum 10 SF 133.2 53.7 +0.82* +1,00**
Log sum 10 SF(mm) 2.09 0.18 -•0.18 -0 .5 4

Females :

BD (g/cm3) 1.040 0.015 -0.02 -•0 .33
BF($) (N}106) 25.1 6.45 +0,21 -0 .47
Sum of 5 SF(mm) 94 .1 32.9 +0.80* +0 .34
Log sum of 5 SF(mm) 1.95 0.15 +0.04 -0 .57
Sum of 10 ;F(mm) 152.9 53.4 +0.69* -0 .05
Log sum of 10 SF(mm) 2 .16 0.15 -0 .0 1

~ skewnesa ; g2 ~ kurtosis
g• g1 (p< .05 )
sig . g2 (p < .05 )

'~ 5 SF ~ (triceps, subscapular, suprailiac, abdomen, and thigh)
10 SF ~ (triceps, subscapula,r, suprailiac, abdomen, thigh ,

midaxillary, chest, iliac, calP, and biceps) .
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4 .4 .1 Somatotype

Table 4 .12 presents the physical characteristics ot the
CF sample grouped by gender including the anthropometric
variables which pertain to the Heath-Carter somatotype and the
endo-, meso-, and ectomorphic components of the somatotype . The

range of endomorphy are 1 .41 to 8 .40 and 2 .04 to 8 .58, for males

and females, rAspectively . The minimum and maximum endomorphy-2

scores are 1 .37 to 8 .10 and 2 .13 to 9 .01, males and females

respectively . Scaling for body stature did not signi .ficantly
affect the calculation of the endomorphy scores, which were 4 .42

± 1 .46 and 4 .58 ± 1 .53 for females and 3 .64 + 1 .41 and 3 .56 +

1 .37 for males for the normal and stature-adjusted endomorphic
scores, respectively .

Both the males and females of the CF sample were more
robust and less fat than the reference Canadian data (Bailey et
al ., 1982) . The males have endomorphic scores equivalent to the
reference 20-29 yrs . age group, a mesomorphic score
significantly greater than the most robust reference group (ie .
5 .38 ± 1 .32 for the 30-39 yrs . group), and an ectomorphic
component significantly less than any of the reference Canadians
except the 50-59 yrs . group .

Similarly the females had an endomorphic score equal to
the 20-29 yrs . reference age group, but the mesomorphic
component was within the range of the 30-39 yrs . reference age
group for muscularity .

The correlation coefficients for the body composition and
the somatotype components are shown in Table 4 .13 . All
variables are significantly correlated, except fat mass and
relative body fat (%BF), to lean body mass (LBM) or LEM/stature .

Table 4 .12 Physical characteristics of Canadian Forces Sample
(N- 125 females and 155 males )

Female Male

Stature (cm) 164 .3 (±6 .44) 173 .9 (±6 .72)
Mass (kg) 61 .8 (±9 .40) 7r .8 (±10 .82)
% Body fat 25 .1 (±6.45) 19 .1 (±6 .82)

Lean Body Mass (kg) 46 .1 (±5 .07) 62 .7 (±7 .23)
Fat mass (kg) 15 .8 (±5 .90) 15 .2 (±6 .78)
Ponderal Index 41 .7 (±1 .85) 40 .9 (±1 .73)

Flexed Bicep circ. 29.4 (±2 .95) 34 .5 (±2 .46)
Calf circ. 35.4 (±2 .89) 37 .8 (±2 .58)
Elbow w. 6.2 (±0.36) 7 .2 (±0 .43)
Knee w. 8.8 (±0.53) 9 .6 (±0 .46 )

I
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First Component + 4 .42 ( ±1 .462) 3 .64 (±1 .413)

Endomorphy 2 4 .58 (±1 .528) 3 .56 (±1 .374)

Second Component 4 .16 (±1 .203) 5 .88 (±1 .082)

Third Component 2 .09 (±1.089) 1 .53 (±1 .044 )

Table 4 .13 Pearson product correlation coefficients for body
composition and somatotype components on 155 males and 125
females in tha CF .

1. 2. 3 . 4 . 5. 6. 7. 8. 9 .

1. Endomorphy -- .99 .42 -.63 - .68 .25 .24 .86 .78

2 . Endomorphy 2 .99 -- .46 - .67 - .72 .1.8* .21 .84 .78

3 . Mesomorphy .50 .54 -- - .81 -° .83 .29 .49 .35 .29

4 . Ectomorphy - .68 -.71 - .85 -- .98 - .31 -.50 - .57 - .50

5 . Ponderal Index - .11 - .75 - .87 .97 -- -.29 - .49 -.61 54

6 . Lean Body Mass .30 .23 .28 -.36 - .32 -- .95 .17* .12*

7 . LBM/stature .35 .32 .49 - .58 .55 .94 -- .12* - .16*

8 . Fat mass .79 .77 .55 - .63 - .70 .30 .28 -- .95

9 . $ Body Fat .73 .72 .45 - .55 •• .61 .00* .01* .9 4

*Al]. values are significant (p < .05) unless indicated .

4 .5 Estimations of Body Composition

Selection of body fat regression equations

Tables 4 .14 a and b present an example of regression
equations generated from circumferences and skinfolds, for males

and females . The best prediction equation is indicated as
determined by the maximum R, the root of the mean squar e

error, and Mallow's c(p) .

Table 4 .14(a) Maximum R2 regressions for percent body fat
($BF) of 147 males in the CF .

Variable Intercept Coeff . Std error R2 MSE C(P)

Sum2SF* 6.9 0.37 0.026 0 .58 19 .48 53 .80

Abdom2 + -13.3 0.28 0 .07 3

Sum2SF 0.22 0.047 0 .62 17 .77 37 .28

Wrist + 4.5 -1.54 0 .40 5

Abdom2 + 0.39 0 .07 6

Sum2SF 0.18 0.046 0 .66 16 .26 22 .98

Age + 10.2 0.11 0.03 3

Wrist + -1.75 0 .397

Abdom2 + 0.33 0 .07 7

Sum2SF 0.21 0.045 0 .68 15 .21 13 .47
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Table 4 .14 ( b) Maximum R2 regressions for percent body fat
( %BF) of 106 females in the CF .

Variable zntercept Coeff . Std error R2 MSE C(P)

Sum2SF* 18.6 0.004 0 .0004 0 .58 17 .54 17 .93

Knee c .+ - 5.1 0.675 0 .170 1
Sum2SF 0.003 0 .0004 0 .64 15 .36 3 .9 6

Table 4 .15 Validation of applied Behnke-Wilmore (AB) body fat
prediction method compared to $ body fat from
densitometry (D) on CF sample by total group and by sex,
(using sum of 5SF/3 x(mass/stature) 1/2 x KSF where the
constants (KSF) have been calculated for each sex and
age group) .

Total Sample _
N x SD SE R2 E

$ BF (densitometry) 253 21 .6 7 .28 .4 6

% BF (prediction by AB) 279 21 .6 7 .74 .46 0 .65 4 .5 3

Sample by Sex

Fem~les :

% BF (densitometry) 106 25 .1 6.45 .63
% BF (prediction by AB) 124 24 .9 7 .56 .68 0 .58 4 .1 9

Males :

% BF (densitometry) 147 19 .1 6 .82 .5 6
% BF (prediction by AB) 155 19 .0 6 .84 .55 0 .62 4 .2 4

Table 4 .15 shows the body fat results from both hydrodensitometry
and the new %BF prediction method referred to as the applied
Behnke-Wilmore (AB) . There are no significant difnrences between
the procedures for either the total sample with males and females
combined (21 .6 ± 7 .28 and 21 6± 7 .78 $BF, respectively) or sorted
by gender (femles : 25 .1 ± 6 .45 and 24 .9 ± 7 .56 $BF ; males 19 .1 ±

6 .82 and 19 .0 ± 6 .84 $BF for densitometry and prediction
respectively) .

I
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Table 4 .16 Validation of the applied BehnkedWilmore (AB) body fat
prediction method compared to $ body fat from
densitometry (D) on 155 males and 125 females in the CF .

ny Age Groups

Females :

<3 0

30-3 9

>4 0

Males :

<3 0

30-3 9

>40

Method N X SD SE R2 E

D 53 23.2 6.27 0 .86 0 .57 4 .16
AB 60 23 .0 6.84 0 .8 8

D 35 28 .6 6 .63 1 .12 0.52 4 .68
AB 42 26.6 8 .52 1 .3 1

D 18 27.1 5 .26 1.24 0 .72 2 .90
AS 22 26.8 6 .40 1 .3 6

D 56 16.4 6.94 0 .93 0 .60 4 .45
AB 57 16.1 6.31 0 .8 4

D 36 19.5 6.81 1 .14 0 .73 3 .59
AS 37 19 .3 7 .08 1 .1 6

D 55 21.7 5 .63 0 .76 0 .43 4 .30
AB 61 21.5 6 .20 0 .7 9

The validation of the applied Behnke-Wilmore body fat prediction
procedure on the sample stratified by age and gender (Table 4 .16)
shows no significant difference between body fat measured b y
underwater weighing and skinfold predict.ion (AB) procedures . The
largest differences between procedures was 2% for the 30-39 year old
females .

I
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Finally, the applied Behnke-wilmore procedure was validated on the
CF sample as sorted not only by age and gender but also by fat
level . This fat level was determined as the me.dian percent body fat
of the gender-age group as measured by hydrodensitomet~y . For the
females (Table 4 .17), the prediction of body fat for the high fat
group which is the group to be most closely scrutinized by the
Canadian Forces over the next few years, was not significantly
different from the percent body fat as measured by underwater
weighing . The greatest difference between procedures in the high
fat group was 1 .6 %BF, in both the under 30 yrs and 30-40 yrs
groups .

The applied Behnke-Wilmore procedure did over-predict the thinner
segment of the female sample by up to 3 .9 %BF . However, these
differences were not significant .

Similarly the prediction of body fat of the male CF personnel (Table
4 .18) showed no significant differences for the high fat or 1ow fat
groups . In the high fat group, the AB procedure underest .imated the
percent body fat by 1 .8, 1 .2 and 1 .3 $BF for the less than 30 yrs,
30-39 yrs and greater than 40 yrs groups, respectively .

The low fat segments of the male personnel were overestimated by
0 .8, 1 .0 and 2 .3 %13F for the three age groups (<30, 30-39, >40 yrs,
respectively) .

I
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Table 4 .17 Validation of applied Behnke-Wilmore (AB) body fat
prediction method compared to $ body fat from
densitometry ( D) on a CF sample of females (N=106) by
age and by fat level ( based on median fat level from
densitometry)

Female s

<30
N X SD SE E

HF % BF (D) 19 29 .9 4 .18 0.96 5 .36
% BF (AB) 19 28 .3 5.99 1 .6 0

LF % SF (D) 34 19 .5 3 .52 0.60 3 .96
$ SF (AB) 41 23 .4 7.53 1 .6 8

30-39

HF % BF (D) 22 31 .1 3 .71 0 .79 6 .59
% BF (AB) 22 29 .5 8.46 1 .8 0

LF $ SF (D) 13 19 .7 3 .36 0 .93 :3 .54
% BF (AB) 20 23 .4 7 .53 1 .6 8

>4 0

HF % BF (D) 12 29 .9 3 .66 1 .06 3 .30
% SF (AB) 12 29 .9 4.98 1 .4 4

LF $ SF (D) 6 21 .5 2.87 1.17 5 .47
% SF (Ab) 10 23 .2 6.17 1 .9 5

I
I
I

HF = high fat
LF - low fa t
Overall mean = 25 .7 % BF

I
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Table 4 .18 Validation of applied Behnke-Wilmore (AB) body fat
prediction method compared to % body fat from
densitometry (D) on a CF sample of males (N=147) by age
and by fat level (based on median fat level from

densitometry )

Male s

<30

N x SD SE E

HF $ BF (D) 21 23 .5 3.90 0.85 5 .61

% BF (AB) 21 21 .7 5.82 1 .2 7

LF $ BF (D) 35 12 .0 4.25 0.72 2 .82

$ BF (AB) 36 1` .8 3.75 0 .6 2

30-3 9

HF % BF (D) 18 25 .1 4.14 0.98 3 .98

$ BF (AB) 18 23 .9 5 .96 1 .4 1

LF $ BF (D) 18 13 .9 3 .46 0.82 3 .44

% BF (AB) 19 14 .9 4 .97 1 .1 4

>4 0

I
HF $ BF (D) 34 25.2 4 .15 0 .71 4 .98

$ BF (AB) 34 23 .9 6 .03 1 .0 3

LF $ BF (D) 21 16.1 1.85 0.40 4 .38

% BF (I~B) 27 18 .4 5 .00 0 .9 6

HF = high fat
LF = low fat
Overall mean = 18 .9 %BF

1
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Analysis on the CF cross-validation sample (109 males and 66
females) was determined with % body fat from hydrodensitometry as
the criterion variable . Residual gas volume was measured by
oxygen dilution for the sample of CF personnel used for cross-
validation (Bell and Cox, 1984) . Table 4 .19 shows the
characteristics and overall male and female percent body fat
results on the CF cross-validation sample . There was a 0 .5 %BF
difference for the CF males and 1 .1 $BF difference for the CF
females, neither results was significantly different from the
percent body fat calculated from total body density . The
correlation coefficients were high 0 .83 for both males and
females .

Table 4 .19 Cross-validation of applied Behnke-Wilmore scaling
method of body fat estimation (%BF) on an independent
sample of 109 males and 66 females in the CF .

Males

N
Age (y )
Height (cm)
Body mass (kg)
$BF by A
%BF by AB

10 :.'
27 .3 ± 8 . 5

174 .2 + 5 .9
75 .6 + 10 .9
16 .1 + 6 .9
15 .6 + 6 .4 *

* r = 0 .83 ; p = .23
** r = 0 .83 ; p = .0 6

D = hydrodensitometr y
AB ~ applied Behnke-Wilmore

Females

66
32 .7 ± 9 . 1

163 .2 + 5 .4
63 .9 + 10 .9
28 .2 + 6 .7
27 .1 + 8 .5**
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The applied Behnke-Wilmore (AB) procedure and the circumference-

skinfold-diameter (CSD) procedure as compared to the
hydradensitometric method of calculating relative body fat are

illustrated in Figure 4 .2 . The $ body fat predictions for the CF

males tested, and given in three age categories, less than 30,

30-39 and greater than 40 years of age . The CSD method gave

significantly different results from the underwater weighing
procedure in both high and low fat groups at all ages .

However, when both estimations of body fatness (by the CSD and AB
procedures) for the total groups of males and females were
compared to the densitomEtric calculation of relative fat across

three age-groups (Table 4 .20), there were no significant

differences among the comparisons . The CSD results did

underestimate the females slightly by 3 .2$, 2 .2$ and 1 .3$ in the

age categories <30, 30-39 and >40 yrs, respectively . These

differences are somewhat • :ater than 0 .2, 2 .0 and 0 .3 %BF

respectivel,y by the AB prediction method .

For the males, CSD slightly overestimated the relative fat in the
2 younger age categories by 0 .5 and 0 .8 %BF (not significant) .

Table 4 .20 Mean predicted body fat (%) by sex and by age : HW=

hyurostatic weighingS AB applied Behnke ; CSDm

generated estimation by circumferences, skinfold and

diameters regression procedure .

MW AB CSD

Females
<30 23.2 23 .0 20 .0

30-39 28.6 26.6 26 .4

>40 27.1 26 .8 25.8

A11 25.1 24.9 --

Males
<30 16.4 16.1 16.9

30-39 19.5 19.3 20 .3

~40 21.7 21.5 21 .4

A11 19.1 19.0 --

No significant differences
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Figure 4 .2 Graph of appbcd behnke-Wilmore (AH) and regression
(CSD) $BF prediction procedures compared to $BF from
densitometry (üW) for males by age and by fat leve l
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Finally the comparisons with other procedures are shown in Tables
4 .21a and b . For CF males, all procedures had strong linear
relationships with relative fat calculated from hydrodensitometry .
Moreover, two procedures Jackson and Pollock (1977) and Lohman
(1981) significantly underestimated the fatness of the CF male
personnel by 4 .6% and 2 .8% respectively .

The Wright-Dotson-Davis (1981) procedure using log of circumferences
and log stature developed for a U .S . Navy sample, was not
significantly different from either hydrodensitometrïcally
calculated body fat or AB (skinfold) predicted body fat . Similarly
Durnin and Womersley (1974) equation provided a good estimate of
relative body density and body fat . The correlation coefficient
between these BF predictions and the BF calculated from underwater
weighing was 0 .78 (Wright-Dotson-Davis, 1981 and Durnin and
Womersley, 1974) compared to 0 .79 for the AB procedure . The
highest value was provided by the second Wright-Dctson-Davis
(1981) procedure at = .81 . This latter procedure (W-D-D #2),
however, did provide a slight (1 .36%) but significant overestimation
of the fat level of these male CF personnel .

For the female personnel, Durnin and Womersley (1974) significantly
overestïmated the body fatness (2 .71 ± 4 .99) while the estimates of
Jackson, Pollock and Ward ( 1978) ( 22 .8 ± 5 .84) were significantly
less than the female CF personnel average ( 2 5 .1 ± 6 .45) .

I

t
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Conclusions

Due to the loss of body fatness predictive accuracy at the high
and low ends of the 'fat spectrum' with the CSD method, the AB
procedure is considered a better method of estimating the fatness
of these Canadian Forces personnel .

This AB procedure incorporates the most sensitive anthropometric
measures of changes in fatness total skinfold thickness . Also AB
method makes adjustments for overall body si~Zby a specific
stature-mass index, [mass (kg)/stature (dm)) .

i
I
I
I
I
I

I

I
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Recomlnendat ion s

(1) Recommended Field Method

The most reliable methods of predicting % body fat are by
skinfold thickness measurement and should take into account
the general body size of the subject . Body fat estimation

procedures have been validated on 147 male and 106 female CF
personnel (Group 1), and cross-validated on 109 male and 66

female CF personnel (Group 2) . The technique of choice is

the applied Behnke and Wilmore method applied (Behnke and
Wilmore 1974) as modified by Katch and Katch (1983) . This

procedure scalc.s .the sum of 5 skinfnlds by mass and stature,

and is both age and gender specific .

(2) Laboratory Procedure s

For evaluation of ind;viduals who have "failed" to meet the
fatness standards (to be decided on by the Surgeon-General),
these subjects should be re-evaluated by a qualified
anthropometric specialist and by hydrodensitometry (see
recommendations 1 and 2) .

(3) Hydrostatic weighing should be done at both maximum
expiration (to residual volume) (me) and at acomfortable
lung volume (HW1 ) . Many subjects are unable or unwilling
to expire to residual volume while underwater .

(4) Residual volume of gas in the lungs must be measured (either
by helium or oxygen dilution) by a trained technician since
greater measurement error can occur from the prediction of
residual volume . Both the helium and the oxygen dilution
procedures are reliable, accurate and cost effective methods
of determining residual gas volumes as compared to the
nitrogen washout procedures .

(5) For CF adults (18-60 yrs), the conversion of body density to
percent body fat (%BF) by the rnethods of both Brozek et al .

(1963) and Siri (1961) are accurate .

(6) Training P .E .R .I . Staff

With minimal training, P .E .R .I . personnel were not reliable
in making anthropometric measurements of either skinfolds or
circumferences . Therefore, the testing personnel must be
much more rigorcusly trained in anthr.oponetruc procedures. A

system of standardizatior of P .E .R .I . personnel similar to
that recommended and used for certification cf C .A .S .S .
laboratories should follow an intense training program .

u
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The Appiied Behnke-Wilmore
AB Procedure
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Collect the following data for the calculation of percent body fat :

1 . Gender

2 . Age ( yrg )

3 . Stature

EXAMPLE

Female

35 yearg

. ,, .-, (cm.) - 10 160 .0 (cm) -

(dm) 16 .00 (dm )

4 . Body mass

5 . Skinfald thickneee

triceps SF

subscapular SF

suprdiliac SF

abdomen S F

thigh SF

Total SF

~grmula :

___-- • - (kg) 60.00 (kg )

.

.

$ BF -

25 .0 (mm)

15 .0 (mm)

18 .0 (mm)

20 .0 (mm)

25 .0 (mm )

103 .0 (mm )

Total S F

3* Bodv_me5 s 1/2 * K SF
~Stature(dm)~

C,alcu lation - for females, 35 yrs, 160 cm, 60 kg, _and sum 5 SF of
103 .0 mm .

% BF - ---------- 103
3(60/16)1/2* 0 .63 4

I e 103
5 .810* 0 .63 4

- 27 .96 5

~ 28 .0 â body fat

Alternative KSF

for females, :
agee <30 yrs - 0 .658

30-39 yra a 0 .634
40 yre • 0 .63 5

for m :
age111 <30 yrs w 0 .724

30-39 yrs - 0 .716
- - - ~40 yrs "0 .634-
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Appendix 7 .1 : Anthropometric Techniques
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I
I

(a) Stature :

Equipment : Stature is measured by a wall-mounted stadiometer . The
subject, without shoes, stands with his back square against the
wall with heels together . The subject is gently stretched upward
to his fullest height with the shoulders and the arms relaxed
downward . The examiner aligns the horizontal bar of the measuring
rod to the maximum point of height . To be accurate, measurement
should be completed at eye level . Measure and record height to the
nearest 0 .1 cm .

_

(b) Body Mass :

Equipment : Health-O-Meter balance-beam scale . Ensure that the
scale is on a flat surfe . The subject is weighed without shoes
and in light clothing (shorts and socks) . Measurernent of mass is
to the nearest 0 .1 kilogram .

(c) Girth Measurements :

Equipment : Steel measuring tape . Ensure that the tape ia properly
located in the horizontal plane and measure to the nearest mm . All
meaeurements are made on thu right side of the body .

(i) head : maximum girth of the head with the tape
superior to the glabella (midpoint of
supra-orbital tori) .

(ii) neck: girth measurement just .4uperior to the
larnyx .

(iii) shoulder : maximum girth at the protrusion of the
deltoid muscles .

(iv) chest inspired : the maximum girth after complete
inspiration of the mesosternale or the
level of the nipples .

I
(v) chest : as above (iv), at mid-tidal volume .

(vi) abdomen 1 : at the natural waist, midway between the
lowest lateral portion of the rib cage ard
the iliac crest .

(vii) abdomen 2 : at the level of the umbilicus and the iliac
4re st s .
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(viii) gluteal : anteriorly, at the level of the symphysis
pubis, and posteriorly, at the 1eve1 of the
gluteus musculature .

(ix) thigh : maximum thigh girth, 1 cm . below the
gluteal line ( fold) .

(x) knee : mid-patellar level with the leg rel~ .xed and
the weight shifted to the left leg .

(xi) calf : maximum girth of the calf .

(xii) ankle : minimum girth of the leg above the
malleolis (syhyion tibiale) .

(xiii) flexed upper arm: maximum circumference of the
biceps when the arm is maximally
flexed in a bent elevated
position .

(xiv) upper arm : maximum circumference of the biceps
(midpoint between elbow and shoulder) with
the arm hanging relaxed .

(xv) forearm: maximum circumference immediately distal to
the elbow joint with the arm hanging
relaxed .

(xvi) wrist : minimal girth distal to the styloid
processe s of the radius and the ulna .

(d) Limb Length Measurements :

Equipment : Anthropometer . Each measurement is delineated by
anatomical reference sites . Measurements are taken on the right of
the body and recorded to the nearest 0 .5 cm .

(i) total arm: the arm and hand are fully extended at the
side . Measure the full length fzom the
proximal lateral edge of the acromion of
the scapula to the tip of the middle finger
with hand and arm fully extended .

(ii) total arm segment : the arm and hand are fully
extended at the side . Measure the
length from the proximal edge of
the acromion to the ulnar styloid
process .

(iii) hand: total arm length minus total arrn segment
length .

t
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(iv) forearem : measure the length from the olecranon
process of the ulna to the ulnar styloid
process with the arm bent at 900 .

(v) total leg : with the subject in a standing position,
weight evenly distributed, and legs and
feet together, measure the length from the
anterior superior iliac spine of the pelvis
to the ground (vertical distance) .

(vi) shank : with the subject in a standing position and
weight evenly distributed, measure the,
length from the lateral fibial condyle to
the level of the floor .

(vii) elbow : measure the maximum epicondylar width of
the humerous with the arm held in a
horizontal position and the elbow bent
at 900 .

(viii) wrist : measure the maximum breadth of the distal
forearm across the ulnar styloid process
with the arm hanging in a relaxed position .

(ix) knee: measure the maximum bicondylar breadth of
the femur (maximum knee width) with th8
subject seated and the knee bent at 90 .

(x) ankle : measure the maximum width of the distal
lower leg across the malleoli with the
subject standing .

(e) Skinfold Measurements :

Equipment : Harpenden skinfold calipers . Grasp each skinfold
between the thumb and the index finqer with firm, but painless
pressure . The skinfold is lifted with the crest of the fold
following the alignment specified . The caliper jaas are applied at
the prescribed site . Measurements are read two seconds after the
full pressure of the caliper jaws have been applied . Measurementg
are recorded to the nearest 0 .2 mm . and are repeated 2-3 times
depending if the difference is >4 mm . The accuracy of the
measurement depends on : precise identification of the site of the
skinfold, forming the skinfold prior to the application of the
caliper jaws, and the standardization of the alignment of the
skinfold crest . The measurement is completed by the release of the
spring handles of the caliper .



i

I
I
I

i
I
I

(i) triceps skinfold : the skinfold is taken on the back
of the unclothed pendulous right
arm at a level midway betwoen the
tip of the acromion (most lateral
margin of the acromion process of
the scapula and the tip of the
elbow) with th'-' forearm flexed at
an angle of 90 . The skinfold
is lifted parallel to the long
axis of the arm .

(ii) biceps skinfold : the measurement is made on the
ventral side of the hanging right
upper arm (over the biceps) at a
point midway between the acromion
and the olecranon procevs of the
ulna as described for the
triceps . The skinfold is lifted
parallel to the long axis of the
upper arm .

(iii) subscapular skinfold : the measurement is me
approximately 1 cm . below the
lower (inferior) angle of the
r :lght scapula with the subject
standing, shoulders relaxed .
The crease of the skinfold
lifted should run at an angle
of about 45o downwards and
lat'erally .

(iv) suprailiac skinfold : the measurement is made in the
midline just above (3 cm .) the
iliac crest with the fold running
obliquely downward and forward .

(v) abdomen skinfold : a vertical skinfold is measured 2 cm .
to the right of the umbilicus .

(vi) chest skinfold : the measurement is made over the
lateral border of the pectoralis
major, medial to the anterior axillary
border . The skinfold runs diagonally
downward and medial .

(vii) iliac skinfold : the measurement is made 6-7 cm . above
the anterior superior iliac spine, at
the level and in the same plane as the
umbilicus and in the anterior axillary
line .

I



(viii) midaxillary skinfold : a vertical skinfold is raised
on the midaxillary line,
approximate.ly at the level of
the 5th intercostal .

(ix) thigh skinfold : a vertical fold is measured midpoint
between the inguinal fold and the knee
in the midline of the thigh .

(x) medial calf skinfold : a vertical skinfold is raised
on the medial border of the
right calf at the level of the
estimated maximal
circumference .



Appendix 7•2~Eody Composition Estimation Equations
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circumference ; var 25 = epicondylar humerus dïameter ; var 2F, _•

epicondylar femur diameter ; var 27 = wrist diameter ; var 28 =

biiliac diameter ; var 29 = bitrochanteric diameter ; vat 30 =

ankle diameter .

skinfold ; var 13 - medial calf skinfold ; var 14 = neck

circumference ; var 16 = abdomen 1 circumference ; var 17 =

abdomen 2 circumference ; var 18 = gluteal circumference ; var 19

thigh circumference ; var 20 = calf circumference ; var 21 =

flexed upper arm circumference ; var 22 - uppei• arm

circumference ; var 23 = forearm circumference ; var 24 - wris t

Variable list :
var 1 a age ; var 2= stature ; var 3= body mass ; var 4= biceps

skinfold ; var 5= triceps skinfold ; var 6= subscapular

skinfold ; var 7= suprailiac ~skinfold, var 7s - suprailiac
skinfold with vertical fold ; var 8= abdomen skinfold ; var 9=

iliac skinfold ; var 10 = mid-axillary skinfold ; var 11 = chest

skinfold ; var 12 - anterior thigh skinfold ; var 13 = medial cal f

1 . Durnin and

Females :
16-19 yrs .

20-29 yrs .

30-39 yrs .

40-49 yrs .
50+ yrs .

Males :
17-19 yrs .
20-29 yrs .
30-39 yrs .
40-49 yrs .

50+ yrs .

Womersley (1974) .

DH= 1 .1549 - 0 .0678 x log (sum

DB= 1 .1599 - 0 .0717 x log (sum

DB- 1 .1423 - 0 .0632 x log (sum

DE- 1 .1333 - 0 .0612 x log (sum

D$= 1 .1339 - 0 .0645 x log (sum

DB= 1 .1620 - 0 .0630 x log (sum

DE= 1 .1631 - 0 .0632 x log (sum

DH= 1 .1422 - 0 .0544 x log (sum

DE= 1 .1620 - 0 .0700 x log (sum

DB= 1 .1715 - 0 .0779 x log (sum

2 . Forsyth and Sinning (1973) .

Males :
young

var 4,5,6,7)
var 4,5,6,7)
var 4,5,6,ï)
var 4,5,6,7)
var 4,5,6,7 )

var 4,5,6,7)
var 4,5,6,7)
var. 4,5,6,7)
var 4,5,6,7)
var 4,5,6,7 )

a) DB= 1 .103 - 0 .00168 (var 6) - 0 .00127 (var 8 )

b) DE- 1 .02415 - 0 .00169 (var 6) + 0 .00444 (var 2) -

0 .0013 (var 8)



3 . Hodgson et al (1982) .
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Females :
young Navy % BF= 161 .27 x log (var 16 + var 17 - var 14) -

100 .81 ( var 2) - 69 .5 5

Males :
young Navy % BF~ 85 .20 x log (var 17 - var 14) - 0 .43 x log

(var 2) - 61 .0 0

4 . Jackson, Pollock, and Ward ( 1980) .

Femalss :
a) DB- 1 .096095 - 0 .0006952 ( sum var 5,8,9,12) + 0 .000001 1

(sum var 5,8,9,12)2 - 0 .0000714 (var 1 )

b) DB~ 1 .0994921 - 0 .0009 9 29 ( sum var 5,9,12) + 0 .0000023

(sum var 5,9,12) - 0 .00 0 139 2

5 . Jackson and Pollock (1978) .

Males :
a) DB~ 1 .1886 - 0 .03049 x ln (sum var 8,11,12) - 0 .00027 (var 1)

b) DB- 1 .10938 - 0 .0008267 x(sum var 8,11,12) + 0 .000001 6
(sum var 8,11,12)2 - 0 .0002574 (var 1 )

6 . Katch and McArdle (1973) .

Females :
DBa 1 .0834`1 + 0 .0006 (var 5) - 0 .00151 ( var 6) - 0 .00097 (var 12 )

Males :
DB- 1 .09665 - 0 .00103 (var 5) - 0 .00056 (var 6) - 0 .00054 (var 8 )

7 . Lohrnan (1981) .

Males :
DB- 1 .0982 - 0 .000815 ( sum var 5,6,8) + 0 .00000084 ( sum var 5,6,8) 2

8 . Sloan, Burt, and Blyth (1962) .

Females :

DB~ 1 .0764 - 0 .00081 (var 7s) - 0 .00088 (var 5 )

I
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9 . S?oan (1967) .

Males :
DB= 1 .1043 - 0 .001327 (var 12) - 0 .00131 (var 6) .

10 . Wiltnore and Behnke (1969) .

Females :
DB= 1 .06234 - 0 .00068 (var 6) - 0 .00039 (var 5) - 0 .00025 (var 12 )

Maies :

DB~ i .1511 + 0 .0007 (var 3) + 0 .0015 (var 30) + 0 .0006 (var 15 )
0 .0019 (var 17) - 0 .0012 (var 18 )

11 . Wright, Dotson, and Davis (1980) .

Femaler :
a) % BF- 14 .866 + 0 .167 (var 8) + 0 .162 (var 12) + 0 .217 (var 17 )

+ 3 .380 (var 27) + 0 .274 (var 5 )
b) % BF= 0 .707 + 1 .051 (var 22) - 1 .522 (var 23) - 0 .879 (var 13)

+ 0 .326 (var 17) + 0 .597 (var 19 )

e
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Appendix 7 .3 Residual Volume s

Prior to this research project, a study of residual volume

(Po].lock, personal communication) compared the helium and
oxygen dilutions with the nitrogen washout method of
determining residual volume . The characteristics of the

subjects in this study were : five males and fîve females,

average age of 22 ± 1 .4 yrs, mean body mass 67 .5 ± 9 .8 kg,

and mean stature 171 .1 ± 7 .3 cm .

The mean residual volume measurements are presented in

Table 7 .3a . The helium dilution method tended to yield
highar RV values than the nitrogen washout method, while
the oxygen dilution technique produced lower RV

measurements . However all three methods demonstrated

simi].ar values of RV overall .

Table 7 .3a Residual volume measurements* by oxygen
dilution, helium dilution and nitrogen washout techniques
in pre-study Group A .

Subject 5ex RV02 RVhe RVN 2

1 F 990 1242 801
2 F 974 1022 861
3 F 1087 1084 1201

4 F 1421 1772 1211
5 F 1745 2089 1575
6 M 1192 1469 1221
7 r( 1309 1745 1538
8 M 1366 2134 1792

9 M 1204 1.892 1495

10 M 1107 1568 1540

Mean 1239.5 1601.7 1323 .5

±BD 232.5 395.4 321 . 5

* a11 values are in ml .

The mean, standard deviation and standard error of the

forced vital 4 apacity ( FVC), residual volume ( RV), body

density ( DB), and body composition (% DF) of the various

methods are given in Table 7 .3b . The female RV

measurements varied from 890 to 1625 ml ., with a mean of

1252 . 3 ± 240 .6 ml . The F value ( Table 7 .3c) for the

females was quite large, indicating that there was a
significant difference amonq the various measurernents . The

mean residual volume for the males was 1440 .6 ± 180 .9 ml .,

with a range of 1180 to 1810 ml . Again the large F value

(Table 7 .3c) indicated a signific ant difference among the

v arious RV measurements .



Table 7 .3b Forced vital capacity (FVC), residual volume
(RV), body density (BD) and percent body fat (%BF) in
pre-study Group A . Residual volume was measured by oxygen
dilution (02), helium dilution (Ha), nitrogen washou t
(N2 ) and predicted from Bass (196~d), Goldman and Becklake
(1959) and Wilmore (1969) . ( Values are means ± S .D . ; n~
10) .

I Method Sex RV

Helium M~
F+

Oxygen M
F

Ni.trogen M
F

Bassa M
F

Galdmanb & M
Becklake F

Wilmorec M
F

aBass(1964) .

BD*

(ml) (g/cm3) (% )

1759±290 .1 1 .078±0 .013 9 .4±5 .3
1437±459 .1 1 .055±0 .011 19 .5±5 . 1

1236±102 .3
1243±333 . 2

1517±202 .9
1130±312 . 6

1231±293 .3
891±67 . 5

1672±181 .7
1625±143 . 1

1182 + 281 .5
998±75 . 7

M : RV(1)- 0 .25 (FVC,1)
F : RV(1)- 0 .25 (FVC,l)

1 .069±0 .013 12 .9+5 .6
1 .051±0 .012 21 .2±5 . 5

1 .074±0 .014 11 .1±6 .3
1 .049±0 .012 22 .2±5 . 3

1 .069±0 .012 13 .2±5 .1
1 .044±0 .009 24 .2±4 . 2

1 .076±0 .012 10 .2±5 .1
1 .058±0 .11 18 .l:5 . 1

1 .068±0 .012 13 .5±5 .1
1 .046±0 .009 23 .3±4 . 2

bGoldman and Becklake (1959) .
M : RV(1)- 0 .027(ht,cm) + 0 .017(age,yr) - 3 .447
F : RV(1)4 0 .032(ht,cm) + 0 .009(age,yr) - 3 .900

cWilmorg (1969 )
M : RV(1)- 0 .24(FVC,1)
F : RV(1)- 0 .28(FVC,1)

+ forced vital capacity (1 )
M : 4 .93 ± 1 .17
F : 3 .57 + 0 .27

BF* *

* body denaity from hydrodensitotnetry

** % body fat predicted from Siri (1961)
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These residual volumes were used to calculate body

density . Te females had a mean body density of 1 .0~07 ±

0 .0114 g/cm with a range from 1 .0440 to 1 .0575 g/cm .
The mean boy density for the male subjects was 1~0723 ±

0 .0130 g/cm with a range of 1 .0680 - 1 .0783 g/cm .
Body composition from the calculations of Siri (1961) gave
a mean relative body fat of 21 .2 ± 5 .1$ (range 18 .1 to
24 .2%) for the females and 11 .7 ± 5 .6$ (range 9 .1 - 13 .5%)
for the males (Table 7 .3b) .

The F values of the body àensity and relative body fat were
not significant for either females or males, as shown in
Table 7 .3c . The probability of the F values for females
for DB and %BF were 61 and 62$ .respectively . For the
males, the corresponding probabilities were 95% and 96% far
DB and %BF, respectively .

Table 7 .3c Significance (F ratio) and probability values
for RV, BD and %BF in pro-study Group A .

Variable Sex F ratio P

RV(1) M 8.37 <.0001
F 5.22 <.000 1

BC3(g/cm2) M 0 .4 1
F 0.81 >.5 0

BF($) M 0.40 >.95
F 0.80 > .50

I
t
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These results show that even though significant differences
were found among the 3 methods of RV calculation, neither
body density nor relative body fatness were significantl,y
affected by variation in residual gas volume . A residual
volume difference of 2~0 ml . creates a discrepency in body
density of 0 .0032 g/cm~ or 1 .5 $BF . The variation among
the methods was greater than this on two occassions (632
and 734 ml .), but the effects of these deviations were not
s ignificant when analyzed by ANOVA and Duncan's multiple
range tests .

Due to the relatively small sample size used in the above
study, an extended study of the two dilution methods was
carried out . The results of the oxygen and helium dilution
procedures for the deter~nination of residual volume are
shown in Table 7 .3d . There is a slight but non-significant
difference betwean the two procedures (p<0 .05)f residual
volumes for the total group (N-36) by the helium (RV e )
and oxygen ( RV 2) dilutions were 1577 ± 465 .2 ml . and
1483 ± 442 .5 ml ., respectively . The range of ineasurements
were 9 00 - 2090 ml . and 930 - 2300 ml . for the RVhe and
RVOa, respectively . The correlation coefficient between
the two procedures was 0 .85, and there was no significant
difference between the volumes . The fecales ( N'18) showed
a slightly lower RV e(1283 .4 ± 232 .5 Ytl .) than RVO2
(1349 .5 ± 347 .8 ml .), a âiffe rence of i 6 ml ., ( r-0 .89),
while the males ( N - 18) had a significantly larger RVhe
(1724 .8 ± 255 .6 m1 .) than wit,h the axygen dilution
procedure ( 1559 .9 ± 269 .0 ml .), a difference of 165 ml .,
(r-0 .63) . Given that there wass (i) a non-significant
difference between the results of the two methods, and
(ii) the standardized methods of both procedures, the
helium dilution method of Ogilvie et al . ( 1957) was chosen
as the prefe rred method for the field study on the CF
aample as was suggested by the American Thoracic Society
(1979) and by Hackney and Deutsch ( 1985) .

1 I
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Table 7 .3d Residual volume measurements for pre-study Group B,
by he?ium and oxygen dilution techniques .

Females : Age Stature Mass FVC Oxygen 13elium

(yrs) (cm.) (kg.) (1 .) (ml .) (ml .)

1 20 159.5 57.5 4 .22 1030 1181

2 22 166.4 63 .4 4.26 974 1022

3 23 170.3 67.5 5.07 1087 1084

4 23 168.2 54.6 4.94 1491 1772

5 24 167.4 58.1 4.72 1745 2089

6 16 168.7 59 .7 4 .62 1270 1231

7 14 167.0 59.3 4.27 1120 898

8 16 166.t~ 61.7 5.18 1660 1530

g 17 172.5 59.2 4.84 1560 202 4

10 19 171.0 56.5 5.28 1580 1839

11 20 168.2 61.5 4 .43 1269 1228

12 21 170.7 57 .5 4.61 1373 1205

13 21 171.3 62 .2 4.59 1295 1284

14 26 161.6 51.7 3.30 935 912

15 21 168.7 61.0 4.43 1242 1243

16 20 167.9 62.1 4 .60 1190 1389

17 21 163.4 58 .0 4 .14 1099 1195

18 20 172.0 55.6 4.18 1181 1165

Mean 20.2 167.9 59.3 4 .54 1283 .4 1349 .4

± S .D. ±2 .9 ± 3 .4 +_3 .5 ~0 .45 ±232 .5 ±347 . 8

Males :

19 20 182.7 80.9 6 .58 11.92 1469

20 21 173.1 68.0 6 .25 1309 1745

21 22 168.8 69.0 5 .63 1459 1648

22 23 171.1 71.9 6.08 1204 1892

23 23 183.7 84 .5 6.61 1145 1550

24 24 186.4 78.3 -- 2070 2177

25 18 188.7 82.0 7 .21 1830 2064

26 16 179.4 70.5 5.80 1430 1889

27 21 184.3 79.4 7.22 1684 1495

28 22 180.3 82.4 6.30 1450 1682

29 16 177.4 76.7 5.90 1482 1316

30 24 180.6 81.4 7.32 1760 1779

31 38 185.0 101.4 7 .75 1809 1980

32 17 181.5 68.2 6.14 1448 1438

33 19 174.2 81.0 6.00 1397 1303

34 35 175.8 82.5 6.82 1903 2045

35 20 177.8 83.4 5.75 1551 1648

36 20 180.7 73 .7 6.89 1950 1927

Mean 22 .2 179.5 78.6 6 .49 1559 .6 1724 .8

± S .D . ±5„6 ± 5.3 ±7.8 ±0.61 ±269 .0 ±255 .6



Predicted Residual Volumes

In the first pre-study on residual volume procedures,
various RV prediction methods from the literature were
evaluated ; results from three of these methods (Bass, 1964 ;
Goldman and Becklake, 1959 ; and Wilmore, 1969) compared to
the two dilution methods are shown in Table 7 .3e .

Table 7 .3e Cross-validation of three residual volume prediction
equations on a sample on normal subjec,ts (18 males
and 18 females) in pre-study Group B .

RV Method

Females :

Mean S .D . S .E .
(ml) (m1) (ml )

Helium dj ..Lution 1349.5 347.8 82 .0
Oxygen dilution 1283.4 232.5 54 .8
Bass (1964) 1148.5 146.9 36.4
Goldman & Becklake (1959) 1653 .4 109.4 25.8
Wilmore (1969) 1286.1 164.5 38 . 8

Males :

iielium dilution 1724 .8 255.6 60.4
Oxygen dilution 1559.9 269.0 63.4
Bass (1964) 1621.5 157.6 38.2
Goldman & Becklake ( 1959) 1764 .5 177.5 41.8
Wilmore (1969) 1556.5 151.3 35.7



Appendix 7 .4 Observer error and the reliability of anthropometric

measurements .

Two reliability studies were carried in this research project :

(i) an intra-observer reliability of the principal
investigator, and (ii) an inter-observer reliabïlity study

which included three P .E .R .I . personnel from CFB Downsview, an

experienced researcher from D .C .I .E .M ., and the anthropometrist

conducting the study, ie . a total of five observers
.

Intra-observer reliability .

Table 7 .4a shows the intra-observer reliability of the
principal investigator for various anthropometric
measurements . There are no significant diffe.rences between

test and retest for any of the variables ; the probabilities

range from 0 .72 for the upper arm circumference to 0 .97 for the

gluteal circumference and triceps skinfold .

Table 7 .4a Intra-observer reliability of the principal investigator
(RDF) (7 females and 6 males) (Values are means on pre-study Group

C) .

Females Males

Variable Test Retest Test Retest P

Circumferences: 82
Knee 36.33 36 .03

. 97
Gluteal 95.93 96 .03 .97

Abdomen 73 .34 72 .74 89.37 88
.87 .90

Wrist 14.86 14.84 17 .60 17
.55 .96

rlexed Up. Arm 34.67 34 .42 .83

Upper Arm 32.00 32 .35 .72

Neck 38.80 38 .77 .9 6

Skinfolds :
Triceps 17.11 17.24 10.02 10

.05 .97

Subscap 11.77 11.92 11
.27 11 .37 .94

Suprailiac 13 .46 13 .84 21 .28 21 .87 .92

Abdomen 11.74 11.81 17 .45 16
.63 .91

Ant. Thigh 25 .33 25.51 15
.00 15 .48 .93

Sum of 3* 42.34 43 .01 42 .57 43 .28 .92

Sum of 5** 79 .41 80.34 75 .02 75 .40 .9 6

*Sum of 3 skinfolds eguals triceps + subscapular + suprailiac

**Sum of 5 skinfolds equals triceps + subscapular + suprailiac +

abdomen + anterior thigh .
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Inter-observer reliabilit y

A sample of thirteen individuals (7 females and 6 males)

between the ages of 24 and 58 yrs . (13 .0 ± 11 .3 yrs .),

averaging 69 .1 ± 15 .2 kg . of body mass (smallest female 47 .3

kg ., largest malg 105 .7 kg .) and 171 .2 ± 9 .9 cm . in stature

(158 .3 to 185 .1 cm .) served as subjects . Each subject was

measured at 5 skinfold sites (triceps, subscapular, suprailiac,
abdomen and anterior thigh), and for either 4 cii:cumferences

(males : gluteal, knee, abdomen and wrist) or 5 circumferences

(female : neck, abdomen, gluteal, flexed and relaxed upper arm

girths) .

Two sums of skinfolds were also evaluated : (i) sum of 3
skinfolds (triceps, subscapular, suprailiac), and (ii) sum of
5 skinfolds (triceps subscapular, suprailiac, abdomen, anterior
thigh) .

Each subject was measured at each of the five skinfolcl sites by
each of the five investigators using Harpenden skinfold
calipers . Each skinfold site was measured three times, and the
mean of the closest two measures was recorded and used for the
analysis of data . A repeated-measures design was empioyed with
a 2x2x5 factorial design (2 sexes, 2 trials, 5 observFrs) .
Thus, each subject was neasured 10 times at each site . The 3
novice observers had previously been instructed by the
principal anthropometrist (RDF) on two separate occassicans plus
a refresher immediately prior to the commencement of the
testing . One of the observers had past experience in
anthropometry and body composition assessment . All data were
recorded individually by the observers, but all data forms we .re
collected after each trial . The time between trials was not
less than half an hour and usually about 45 minutes . The
observers did not have access to ►,he data for comparison
purposes until after the total reliability study wa s
completed . A repeated•-m~asures analysis of variance was
computed to determine thr.+ influence of the observer and the
gender of the subject on the reliability of each skinfold
measurement .



Each subject was also measured at each of 4(males) or 5
(females) circumferences by each of the 5 observers using a
steel Lufkin tape . A repeated-measures design was employed
with a 2x5 factorial design . Thus, each subject was
measured 10 times at each site . A repeated - measures
analysis of variance was calculated to establish thc~
differences between the 5 observers .

I
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Table 7 .4b summarizes the test-retest results for the 5
observers for each of the skinfold measurements and, Table
7 .4c provides the reliability information on circumf.erences
for the same 5 investigators .

Table 7 .4b Test-retest reliability for five skinfold thickness
measurements by observer (n=5) and by trial (n=2) on pre-study

Group C (n~13) .

Observer Site/trial Males Females
Tricep s

1

2

3

4

5

2

3

4

5

1

2

3

4

5

1 9.75 16 .21

2 9.28 16 .67
1 10.25 16.79
2 10.50 16.44
1 9.25 16.39
2 9.53 15.73
1 9.95 16.36

2 9.83 16.31
1 10.02 17.11
2 10.05 17 .24

Subscapular
1 11.53 12 .63
2 11.15 12 .81
1 12.67 14.01
2 12.78 13.29
1 12.98 11.94
2 12.38 12.51
1 11.78 13.13
2 11.80 13.10

1 11.27 11.77
2 11.37 11.93

Suprailiac
1 18.78 11.49
2 18.15 12.07
1 19.60 13.89
2 20.88 13 .26
1 18.18 ?.i .03
2 19.03 12 .21
1 17.57 08.71
2 17.27 09.50
1 21.28 13 .46
2 21.87 13.8 4

I
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1

2

3

4

5

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Abdomen

1 14.10 10,83
2 14.7 5 11 .24
1 18.03 13.67
2 17.57 13.84
1 15.80 12.44
2 14.73 12.19
1 17.08 11.6E
2 16.60 1>. .93
J. 17.45 11.74
2 16.63 11.81

Anterior thigh

1 14.07 22 .73
2 14.42 23.03
1 17.27 25 .42
2 18.12 26 .34
1 13.77 25 .57
2 14.38 24 .30
1 16.75 25.29
2 16.77 25.26
1 15.00 25.33
2 15.48 25.51

Sutn 3 S F

1 40.07 40.33
2 38.58 41.56
1 42.52 44 .69
2 44.17 42 .99
1 40.52 41.36
2 40.95 40.46
1 39.30 38.20
2 38.90 38.91
i 42.57 42.34
2 43.28 43 .01

Sum 5 S F
1 68.23 73.89
2 67.75 75.83
1 77.82 83.79
2 79 .85 83.17
1 70.08 79.37
2 70.07 76.94
1 72.63 75.14
2 72.27 76.10
1 75.02 79.41
2 75.40 80.34



Table 7 :4c Test-retest reliability of 7 circumference
measurements by observer (Na5) a ..zd by trial (N~2) .

(values are means) .

Observer Trial Sites

' Females :
Knee Hip Abdomen Wrist

1 1 35.6 94.3 73.6 15 .3

2 36.1 95.8 72.8 15 . 2

2 1 35.2 95.2 73.4 15 .1

2 36.0 94.9 73 .6 15.1

3 1 36.0 94.9 71.2 15 . 3

2 37 .1 95.1 72.9 15 .4

4 1 35.6 95.1 71.8 14 .5

2 35.3 94.9 72.0 14 . 4

5 1 36.3 95.9 73.3 14 .9

2 36.0 96.0 72 .7 14 .8

Total 35 .93 95 .21 72 .73 15 .0 0

Abdomen Wrist F1 .Up .Arm Up .Arm Nec k

1 1 89.0 17 .9 34 .6 32.6 39 .0

2 89.2 17.8 34.2 32.0 38
. 7

2 1 88 .4 17 .3 34 .4 31.9 39 .0

2 88.8 17 .5 34.4 32.7 38 .6

3 1 89.6 17.8 34.6 31.8 40 . 4

2 89.8 17.9 34.5 31.9 39 .8

4 1 87.0 16.8 33.3 31.4 38
.6

2 86.7 16.8 33 .7 30.5 38 . 0

5 1 89.4 17 .6 34 .7 32 .0 38 .8

2 88 .9 17 .6 34 .4 32 .4 38 .8

Total 88 .67 17 .48 34 .28 31 .91 38 .9 5

Males :
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Tables 7 .4d (i,ii) and 7 .4e show the significance (F ratio) and
the probability values from the ANOVA tables for the skinfold
and circumference reliability data .

Table 7 .4d (i) Significance (F ratio) and probability from
ANOVA for skinfold measurements (triceps, subscapular,
suprailiac, abdomen, anterior thigh) .

Sources o f
Variation Triceps Subscap . Suprail . Abdomen Thigh

F P F P F P F P F P

Sex 6.27 .03 0 .10 .76 2 .12 .17 1 .41 .26 4 .59 .06

Observer 2 .11 .10 3 .62 .01 5 .47 .00 5 .38 .00 5 .62 .00

Trial 0.41 .53 0 .16 .69 0 .79 .39 0 .34 .57 0 .45 .52

(Sex) (Obs) 0 .54 .71 1 .43 .24 0 .44 .78 1 .15 .35 1 .19 .33

(Sex) (Tri) 0 .13 .72 0 .49 .50 0 .43 .52 1 .67 .22 0 .45 .52

(Obs) (Tri) 0 .24 .92 0 .15 .96 0 .1~ .97 0 .80 .53 1 .77 .16

(Sex) (Obs )
(Tri) 1 .54 .21 0 .69 .60 1 .62 .19 0 .23 .92 1 .31 .2 9

Table 7 .4d (ii) Significanc:e (F ratio) and probability from ANOVA
for the sums of three and five skinfolds, le . triceps,
subscapular, and suprailïac plus abdomen and antPrior thigh .

Sources o f
Variation Sum of 3 Sum of 5

F P F P

Sex 0.00 .57 0 .12 .74

Observer 5 .24 .00 9 .01 .00

Trial 0.11 .75 0 .21 .66

(Sex) (Obs) 0 .29 .89 0.65 .65

(Sex) (Tri) 0 .26 .74 0 .02 .88

(Obs) (Tri) 0 .16 .96 0 .45 .77

(Sex) (Obs) (Tri) 1 .43 .25 0 .75 .5 7

(F ratio) and probability from ANOVA
(knee, gluteal, abdomen, wrist, flexca d

upper arm, upper arm, and neck) .

Table 7 .4e Significance
for seven circumference s

Sources of
Variation Knee Gluteal Abdomen Wrist

F P F P F P F F

Observer 1 .78 .17 1 .44 .25 2 .95 .03 19 .53 .00

Trial 4.83 .07 1 .75 . 23 0 .08 .79 0 .08 .78

(Obs) (Tri) 4 .46 . 01 2 .64 .07 2 .16 .10 0 .42 .9 5

F1 .Up .Arm Upper Arm Neck
F P F P F P

Observer 3 .42 .03 5 .21 . 01 4 .86 . 0 1

Trial 0.04 . 85 0 .02 .89 3 .21 .13

(Ubs)(Tri) 1 .00 .44 1 .37 .29 0 .54 .71
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RN00~' ¶4 .3683

I

EXTREMES

LONEST MIGHEST
1 .00598 1 .0 4 117
1 .024~1 I .0•821
¶02736 1 .06884
1 .02839 1 .04978
1 .02901 1 .06194

s
VARIABLE .PERFATI

MOMENTS

M 6N 2 7 .116!S

SSENM6SS

~

J0'3Ô72`

S~,SNERÂlq 2179~~t
NUM .

. 0 !!l55516

SUM NGTS 1
SUM~ ~ E 688 .10

KAN ÔS S~ ~7j~2b73 7

MEAN tb22
PROS> S . 00021 4092

12 :13 TUESDAY, FEBRUARY 25, 1986 7 C

99% 40 .~ 1
40~~ ~_ ~~4 9~ 3

iS ti . 68 3

MTSSING VApLUU

S COUNT~NOÔ 18 .1 1

EXTREME S

1 ~9~°~=at 3bp

~1.19~7 3i .ii9t
22.184 40 .21

i
I
I
I
i

a
I
s



MOMENTS

5iDND~V 68iÔÔ2~ ~ ~I~TcE 375}i~i
SXEMNtSS 0 .174953 KURTOSIS 1 .53923

~vMEAN~O 33!~7813 ~R08 M
E
T N

83
21.043784

NW1 R~NÔ b5j~ PROS) S~ .00021409 2

MOMENTS

MEAp
N34~~73

V SUM
R~ANCE 18i32~4

SSTDEV
1

ŸENNESS O4~iâ9~19 K~R McAN 0d4237~

~ ;SMEAMrO 14 .1~ 55 872 ~R~~~~3 2 . Ô . ÔQÔ1NG~N, R,iNKO 126
2
5 RO > (

SEX-F CHÉCKAGErGT40

UNI VARIAT E

QUANT ILES(DEF-4 )

QUANTILEStDEFr4 1

100: MAX 34.1383 9 34.1383

75 MÉD 1

p

7
.
Y6516a~ 9g 01 34.~922

1%+' O1 12 .96Q6 tOS 10.913 1
MIN 7 .97 13 9 Sw 7 .97139

RANCE 26 .1665 9

M~E 1 7997813 9

MISSING ~AOLUN 4

% CtlUNT N08s 18 .1 8

SEXrF CHÉCKAGErGT40

UNIVARIAT E

MAY

12 :13 TUESDAY, FEBRUARY 25 . 1986 7 9

EXTREMES

LONEST MICk1E S~ T
7 .971 239 221774

i yt'3418 J?45Ô5
13 .1773 ~M.138 3

12 :13 TUESDAY, FEdRUARY 2, 19 .6 ±0

73 .8 9qX 79.75
7Sg,~ Mj 59 9 7 2 .OS9 9

à0F%z otED 3i . ÎDY 63f~~

RANGE

l100 E 1

18 . 6

55 .2
16 .1
18 .6

EXTREMES

LONES6 M1G~~5 G

~7 4 62 .
81.$ 6ie " .



VARIABLE+SUM3SF

WON',ENTS

MS EAN 48 .815 }'UM~
CTS 1~ 2

SE 2~TpNNEESS i~$6452â KAp 1TÔSI
~2ÉÔ

S
eg5,y

ûTyCMEAN'+O tÎ9.~624 P~ÔBMETN 3~9600(1Î
N~ R~Af'OC 124~~ raOB>I:SÎ 0.0001

SEX -F CHÉCKAGE~GTtO

UNIVARIAT E

QUANTILESIDEFM S EXYREMES

100% MAX 103.8 19%

8 6
.2 1 5% 21.47 262`~ 714~

1% 24 .2 33.2 103.8

24 . k
426.

MpED 6 3̀j?9 9Sp%
X 9l~

y Ô3ÔB
L024~? M[G6S61

2~ M1N i
4

R1q0E

9

I
1
I
t
I
I
I
I

VARIAiLE .'SUMASF

MOMENTS

MS~pANDEV 2i .s12!

Ysuwr

s ÂÂIAMC6 50367469
?

3~4SSEMNE55 0 .94!`
;

N~TOSI 1
1S ` 444

°1 ~ BiM~~ I 68:'0004 1

91 1

StNEpÂNK '31 3~~ p j 0001
!AI.W 0 ~12

Sf.X"F CIÉCICAGE+GT4Q

UNIVAkIAT E

QUANTILESIDEF'aI

00% MAX 12`.+ 99% ~
1

7~~ ~~N s31~t~ '`
1

~~ . ;
RANGE 96 .

NO~~' 291i

,Y

12 :13 TUESDAY, FEBRUARY 25, 1986

'2 :13 TUESDAY, FEBRUARY 25, 198 4

31 .4

3 'r

EXTQEMES

LO~iS~ NI 6€S~

6 8V4~ 2p

~.6 127~4 8

I
I
I
t
I
I



I
J

I

I
I
I
I

VARIA8LE .SUMSSF

MOMENTS

MEApN

i
Ô~378~ VÂN ANC SE 3 Ô16~

ST
DEY

6SENNESS O
.~ÿ573

5r KSR~OSIS i•~53
29tsI~SSS

Î 5.6837 >R~B~I~I 60~ÔÔ01tMEAN -O
4N~N RANKO 12622 I~R09> S 0 .000 1

VARIABLf~AGE

MOMENTS

N 60 SU~Mp NGiS 6

M~ANJ~V 349T 9 VAR AN 8~i415
Sÿ~MN :SS "

0~'â~~~~ K~
H

~'MSE~S

-0 .9 969865

~

q

:MEAN^0 65 .6411 ~ROl1>IT~ Q .OQQ1

NtGANi
P

.NÔ 96~ f'P.OEt> S www tTnnnn»

OUANTILES(OEF-4 ; EXTREMES

100% MAX 18 4 .4 49% 1 8 4 . 4 LONEST HIü11E'. T

5 5~`13 556

554 1253

8

1 5X 17 .45 95% 177 . ..4 52.8 124.2

~OX NEÎN 154.8

90
%0%%

5
i

RANGpE ~9155
x 52.6 d7 .♦ 184'.

OMÙOEI 52 . 6

SAS
SEX-F CH7CKAGE.1E7 0

UNI VARIATE

1217 TUESDAY. PEBRUAR`! 25, 1986 ~ A

OUANTILES(DEF-41 EXTREMCS

RAdGE 11 . B J

~~, . '~~~i

99ü ?96137 40`E~Tr HIGHE)I

9 ♦C 9
.145

~~ .89
18 .42749+ 8 2 ~9

.194~

'~x ~j :k~~ ~~ :ss~~ ~~ :~g ?y

E



YARIABLE .FIE1GÜT

MOMENTS

M5 E pAN 164, 1~3 SL~A1 ~TSE 9847a`0

SKTENH

E

ESS Ô .67 99
g
23 AROSI

C

S
39l 6
9841

58 9

TvS 9081~~9i KCP~5

T

OBM~TI 023~1~1ME AN+O 8
S CM RANKO `S PRO > S 0.000 1

YARIA5LEa14EIGMT

11011ENTS

15~3ENNSÎS 0`~~~ 4eÔ~ K~NSTti:S 0/0`34~

sis ER 4
5 6.!'6~ ~~OBMT~N

iJ0709866

0001

SEX-F CHÉCKAGE~LE30

UNIYARIAT E

OUANTiLES(OEFH) EXTREMES

12 :13 tUESOAY, FEBRUARY 25. 934

10,0% MA XOgg

167
.9 9SX lï

84j LOIFAIEST HI
1
TE2 S`

~~ MIN 15~ .3 95'~% 15~6~2S ~~~j§~~~ Î

177 4

B0 .8
4% 454.3 155. t84 .3

~RA3N E 33

MOL)~1 16T: 4

SEX-F dÎÉdcAGE•LEaO

UNIYARIATE

12 :13 TUESOAY, FESRUARY 2 5 , 1986 f6

QUANTILES(OEF•4) EXTREI'ES

400% MAX 6 . 9

N~D i~ ~ !01[
r S~! lCW Sr NICT6$`

i'tX p 54 .2~ t 49 .41 ~6rJTI N N 42 . ~ 474}8- 4 .~ 85.9
~âi3~ 11 ~3~

I
I
I
I
I
0
I
I
t
I
i
I
0
I

f



I
i
I
I
I
1

e
1
I
I

VARIABLE-8141

MOMENTS -

MEAN ~2g•q~z40
~~IANC SE

g
13393 g 76$1

0 SuKMNE
V DEY

1 .284)~ K RTOSIS 2 . ÿ 835 8

CV ~204.V379 SM TN 0i974~9
T :MEAN-O .,9.873 5 p

NÛM R%NÔ
96~ pR08> SI .000 1

VARIABLE-UENSITV

11CMEN•S

M~ pAN
UV O.Oii9~~ Ÿ pING1

S

56iMNESS -O3S1037771~ KURtOSIi 0 .0215 6 4

~~ERwN~KO ~7079?5~3
~R~BN~5I 0 bÔhÔ glt

OUANTILESIDEF•4 1

100~ pM,X 32•4`63

S7S0?, lQIED ~
3

.

6

0663

2~X MIN 7 .956â

Rp AN-GQF 14 .509 3
19

N$8E1
3,1986

8

SEX+F CNÉCkAGE•LE30

UNI V .4 N 1 41E

12 :13 TUESDAY, fEBRUARY 25 . 1986 4 )

EXTREMES

IONEST HIGtiEST

178 .925

8

105 27~399Z
18 . 3 087 27 .4417
18.3721 31 .9682
18 . 4795 32 .466 1

5 565J96 3
.

3p5~~, ~

87g

.789g

i1X 187 .956 8

QUANT IL ES IDE F- 4

¶00% MA X

i Ni0
1 .Ô 3~~7 ~

OX MIN 1 .00741

RANGE O .C0'257326

12 :13 TUESDAV, FEDRUARY 25, 1986 3 8

95x
3 .07314

9 ;'X ; .voôl~ : ~

MISSING VpA ~LU~ j

X COUNTCMOBâ 1 1 .67

EXTREME S

LON ST HIGHEST

96 7t . bQQt~ î4xQ
7
2 1! Ôp 6(7, 63

1 .02479 1 .0731 4

I



SEX-F CMÉCKAGE.LE30

UNI VARIAT E

VAkIA6LE~PERFATI

SEX•F CHCpUGE•LE30

UNIVARIAT E

N 53 5 11 1 WGTS 56 100% MAX 9.54 3 3 9% 39 .5413 LOFIEST NIGHE3ST

NEpAN 23.2415 SUMt E 123 61 . 757(
9
03

~7:6474 9% ~= .07~~ 12 .

'

91 32 .6292

S

u

TKE,WNSSS 01.
.
l6Î29 KARIÔ5ÎS

035 .2
9
4

2

g

5•~ 'G D I
2

.

.8188 9(A
16 .1091 14j~« 3~ .139

1 3 3.9

YV~ 3~999~~~ e
j N Ôd60i

RANGE
~G~IN

27
}

11 .8993 5
y

6 1X t1 .ôq9s 15. 668 39.31 1
7

Nt~HNI R~: NÔ
71 S PR06> I TS I O 0 .0001

II . 89~ 1

MISSING V ApUL9 ~

X COUNT/NOdS 11 .6T

I
I
i
I

I
i
I
I

VARIAlLE+FATMASS

MOMENTS

uSSçMN~SS ;'647 I
` K

CuRI~CE ?9'~9`~

SGSsN RANK 3
S j
j

~TROT~N

I

I~S) 0 .7497~

1NEAN.O g

141)1 + 0 i

12c33 TUESDAY, FEBRUARY 25 . 196 4

1213 TUEIOAY, FElRUARY 25 . 1966 40

OUANTILEStDEF~4 1

1 MAx â • ~; ~ Q ~
6 D 1~ . 04 e3 9

~ i 2 ~~ NtN ~ .b791 ♦
tx 5.é e1 4

R S ' 8~ 81 4
NISSING VA uLU '

X COUNTéNOé~ 11 .6~

EXT RIMESLg,~s :
~ 4

8 .07243
8 .39674

e
I
I
i
I
I

' 9

iqNENTS OUANTILEStDEf+41 EXTREMES

I
W 3 . 79 s '.

'j24 .34 1

8 :~ôr~

I



I
I

, i

I
I
1
I
I
u
1

VARIABLE•SUM2SF

SEX•F CHÉCKAGE•LE30

UNIVARIATE

12 :13 TUESDAY, fEBRUARY 25 , 198 6

MOMENTS OUANTILESI 0EF•41 EXTREMES

N 60 SUM NGTS 60 1 00% MAX 2 .4 99% 72 4 LOH ST HIGHfSI

MEAN 34.0067 SUM 2040.4 75% 03 ♦ .45 95% 4.~6 1~5. s~.B

STO DEY 13 .1967 VARIANCE 173 1 35% MED ~0.4 9~ ~0.~` 16 ~ 6468
SK HNESS 1 .0742 KURTOSI 0.8082565 Q 24.8

V~ 73B66B* 7 tSTD MEAN 1~69~ g
.
3

0% 141W 15.2 1Y 16553
14 .8 72 . 6

~:MEAN•0 20.0213 PROB>ITI 0 .0001 RANGE ~7.~
SGN RANK 915 PROB> S 0 .0001 03-91 17 .6

NUM -•• 0 60 1400t 27 •

VARIABLE•SUM3SF

SEX•F CHÉCKAGE•+l E30

UNIVARIATE

12 :13 IUESDAY, FEBZUARY 25, 191:6 k 1

MOMENTS QUANTILES(DEF•4: EXTREMES

HIG~22

S E 99r~ 6UH

NGTS 766

130%
%

NEO )0.Â 90X 74 ~988~.

LQ222~ 7

MIDNO V 14A1• V~tANi' E
2290 . 2

KENN SS ! .0 K Rt05[S 1 . 66931 ~% ~1N 3~2 1~ 23~y, B: 6 83
1X Y1 8 9 0 . 2~VS ~41842

9

~~6N~31 108Ô0Ô1 RANGE 69 .MEAN•0 2 .234
~A RANKO 965 0 PRO > 0.0001 Q,i_91 3' :

I



VARIA81E•SL844Sf

HNMIENTS

N 60 $UM MGTS 60

E$10NDEV V9 .0696 VAÂ (ANCE ~~3~65

ÛC
SENNESS 1 .14321 K ~, RTOSIS 041 9 1
S 195 938I C

pÔB>ITj ~G♦0006TvMEAN•0 3t20 1

NÛM R~+NÔ '
~~ PROB> ! 0 .0301

~
SEX•F GMÉCKAGE•LE3 0

UNI VAR) ATE

12 :13 TUESOAY . FEBRUARY 25 . 1986 . ?

QUANT ILES(DEF•4 1

100% MAX 120 99% 120

15~ ~~o ~51 . ~ 9a ii~;,
9

25% Q)
2i
.4 1

0%
Y

Q

Vz Î 66 `

RAN~t 24.9
42

EXTREMES

LOWEST HiGMES I

ÿ ;8 83.8
101 .8

Ô:8 1062Ô

I
I
I
i

I
i
I
I

VARIABLE•SU115SF

MONEN'fS

3S~WN ESS I Ob28~~â ~ RSTOSIS 15a0+71

~~SSSMEAN•0 ~~.Û3~' P~06MIT~ N.OOOt

NÛM R^+NÔ
9`2 PR09> SI 0.0001

SEX•F CNEUCAGE•LE30

UNIVAR) AT E

QUANT ILESlOEf•4 1

1 MAX 175,4 99~JxX

xM

s

e3O~N 1041' Ix
RANGE 133 .

12 :13 TUESDAY, FEBRUARV 25, 1986 44

EXTREMES

LOI+ItST 1410$ S i

44 . 6: t~~ .gb
48. 17 .4

i
I
1
i
1
i
I
I
I



i
I

MOMENT .

N 4 5UM MGTS 43
HEAN E 34.0285

2 5 ~AR ANCE 6~74,*1 23
SKÉHNESS 0? .489b KUR70S1S -1 .05394

~VMEAN+O R~69Ôi8 PRÔBMITI 0 Ôe9Ô0Ô9
S~ RANKO 4743 PROS) S 0 .000 1

VARIABLE-HEIGHT

HOME NT S

N 43
MEAN

7~37507 vÂR iNTcSE 54~56~p r

S
uTK NNSV SS 0 .05497523 KG1$~ RSTOSI

S V

62

~EDAN+O 1~5983 STR0M AN

-028483763

112~A
T

p ;

MG~Ni R- ~NO
74~93 ??0

g

PROt3>~

7

SI 0 .000 10
43

SEK+F CNFCKAGE•30T0

UNIVARIAT E

pUAN1ILESI0EF+ 4

li~~ NpÉO 33~â959g

0% M52 44111 3Ô
.25

RANGE 9 .5013 7~~~1
3

64 5
32 5.675

12 :13 Tl1ESDAY, FEBRUARY 25, i98 6

EXTREMES

LOWEST HIGHFt T
30 .2575 37.6986
30 .3644 37 .7671
30,3972 38 .002 7
30.452 38 .2247

30 .6603 39 .758 9

9ÔX 38

. 7.7589

.1803

40% 30 .5353
5% 30 .371
1% 30.257 5

SEX+F CkÉCKAGE+30T0

UNIVAR! AT E

QUANTILESIDEF+4 1

1 MAX 177 .7

44E0 46

~~ ~
03 I

1N 1~ 4 ?~

12t13 TUESDAY, FEBRUARY 25, 4956 4 6

9gx 11 ~67. ~ g

9~ 1~1`3
RA N

~D~~ ~'5 a►9

EXTREMES

LOH5~ST HIGN;S T

15152 114 . 2

1~~ .9 1~~ .7



VARIA8LE~IIEIGMf

MOHENT S

4 3

MçEANDEV 9Z9860y9 v R~TSE 9,2695
.

.7447
STK~NNESS 1 .13824 KUR70S~S 2.20y8
1c~5 173101 NQ

AN 1~5Ô~69
(VMEAM .O ~5 .58Ô6 PRO8>ITI 0 .0001
M~ 'NÔ 4`3 PR08> S 0 .000 1

YAR1/8LE'4M1

MOMENTS

Si DEV 3 .15677 VARIAMCB 9 . 1
M EAM ~3. 6`4`3 ~~ MGiS i 0

SUS~NIIESS 1 .2396 K RTOSI 2 .2 y

~iNEÂÂNK 4l
.âÔ82~

~~
8¢>IÎI O

.ô76

2
;

MUM w+ 0 741 6 0

SEX•F CHÉCKAGE"3CT0

UNIVIRIATE

12i3 TUESDAY, F EBRUARY 7 5. 198 6

OUANTILESIDEF AI EXTREMES

1 MAX 96 .6 99% 96 .6 LOMEST HIGHES T

3 68 .8 95% 82,_7599 ~6•4 75 6
,14 4

2ta 5
61 . 1
6.3 10~% 56.02 49.9 78 . 6

OX MIN 46.4 3% 4~.86 50.3 83 .8

1% 46.4 52.1 96 .6

RANGE 50 .

~3D8' S6.

SEX-F CMÉqUGE .30T0

UNIVARIATE

12 :11 TU!ESDAY, FEBRUARY 2 5 . 1986 48

QUANTILESIDEF .41 EXTREME S

1 , MA X py33 .3301

~ MpE i: 9ôD

~ IN Î . 66~

ROj1i~E j 4
asill

!W~'VEE je .66s61

~~

~ c
2
' .

3
/P3 1e°NSi1 HT'~; ry~ 4

90%
s ;~ .i~~~ 20 0831 ~~ .3~ 0x 3
1%

I
I
i
I
I
I
I
i
I

I
I
I
I
I
1

I



;'
SEx -F CHÉCK

S
AGE+30T0

12 :13 TUESDAY, FEBRUARY 25, 1986

UNIVARIAT E

3

VARIABLE+DENSITY

NOMENTS OUANTILES(0EF+41 EXTREMES

LOMEST MI~NtS T

OÔ9n44 i :Î, 24
1 .01329 1 .06281
1 .02U37 1 .06318
1 .02051 1 .06+6 3

I, 1

i

1
1
I

N $e5 SU11 NGTS 35 100% MA3X 1 .0646 99% 1 .0646
1 .04947 95% 1 .0634

S

E

iQNDEV 0 .Ô~5b9279 VARIANCE .00Ô~4626Î ~5X ~
Q iD 1 .Ô7

3
~5 90DX% 1 .0 ~5<SKEMNESS 0 .207513 XURTOSIS 0 40 13 9

USS 3 .6382 C~~ 0 .00837287 0% MIN 1 .00805 tsz „ ~,~981~7
CV 1 . 5 1344 5 M AN 0 .002652 5 5
T•ME ' ''*^ 390.902 PRO~)~TI 0.0001 RANGE 0.0265819

NIGIlNI ~~
Ô

335
PRO B> S 0.0001 03-91 0.0236153

OC.: 1 .0080 5

MISSING VALUE

% COUNT/NOBS 18 .60

SAS
SEX+F C.MELKAGE+30T0

UNI VARIAT E

VARIABLE+PERFATI

12 :13 TUESDAY, FEB?L'ARY 25, 198h ; 0

MOMENTS QUAWTILES'DEF.4 EXTREME S

N 3 SUM MGTS 35 100% MAX 39 . 0295 995%~ 3y9g . g30 9 L)M pSTs MIGMEST

M AN E 26 . 4 SUM( E 939479 ~g~%, S
~D â~69 3 lOx 95 .06~9 ~~5$~2546 33

.8008
33 . 8

5S~MNEâS -02Î6~2~~ KÛSTÔS~ S -Ot .h9~23+~ ?G 1 t .49 1% 15.7'

?

~7 ! 5 y1 10p3 l1
.
96 234b

VS
26 12. Ç

RO¢M~TI 10~0ÔÔ1 ~~~

IN

2359~79 '^ 15
.205 ti.3879 ~9.3029

1 o3 p 1 10 080~ ;N ERÂNK 2 93 27s PROn> 5 0 .000
RANG E

NUM ~+ 0 3S MODF 1~.306

MISSING VALU
8

% COUNT/NOBS 18 .60

I



I

VARIABLE•FATNASS

SEX•F ClSSE&AGL-30T0

UNI VARIATE

12713 TUESDAY, FEBRUARY 25, 1986 !' e
EMOMENTS

YHEAN 17,OCb6 $ UM ~TS 595 . 0
$Tp DEV 6 .032~9 VARIANCE 36 .392~
uSKSEI~N, SS 0.ô09 5A K[URTCSI .i 0.263927

TYMEANaO 36'i7
:2

PppB~Iff i~Uii
SGN RANII 315 PR08>I S
NUM -+ C 35

pUANTILES(0EF '4 : EXTREMES

1005Y~ MAX 32'Ô 3q149 951 3Ô . 4j69 0a ~0~6~98 24GM6~ 5

30% Ii~M 8?C679ô 9~% 8506796 9 .7668i 3~( 678
R~A~HGQE 24R 34 a9z •

1400E1 8. 0 679!

MISSING VALU3

!l COUNTÎIÔIÔS 18 .6~

I
I
I
I
I
I

VARIAlLE^SU142SF

SEX+F CMFd(AGE~3OTC

UMIVARI ATE

12 :13 TUESD~.Y, FEBRUARY 25, 1986 52

IMOMENTS

~TS170 6N # AN E 39 5743 51.84

3 K I5 -0?1~SK~NNESS 0 4456~ARjTQ5

C

~ySMEANrO 169J%26 ~ R~DM~TI
,
0
4

Ô

(
00~6

NÛt
R.+NÔ é7,3 PROOOB)S 0 JOOt

OUANTILES(OEF .11 EXTRENES

MA X30%~~N j~.~ g~ t~4

: 1

7 so~ LON6ST8 HIG6Z6

6
18.6 7 .4

1S 1~. 4 20.8 155
.8RANGE 59 :x I

i

I



I
I

I

VARIABLE-SUM3SF

MOMENTS

MEAN 47 .6023 S UUM 11 $615 2046~9
510 DEY 18 .9902 '.AR ANC 360 .628
SKENNESS 0 .868826 KUR~OSI 0 .027886

US 39~893~ C5S 15,46
.4

CV TD M AN 2 .89598
i :MEAN•0 16 .4374 PROB> T 0 .0001
S!! RANK 473 P1108> SI 0 .0001
NL'1^°• 0 4]

VARIABLE .SUM4SF

MOMENTS

N 43 SUh MOTS 43
M AN 61 .9167 SUM 2662.4
S7 DEY 24.4573 VARIANCE 598 .162
SK MNESS 0.863592 K RTOSIS -2 .36902216
USS 1996

9 TVMEAN•0 3686Ô08 ~~QpMETI 3~~~00

Î

NIGJlNI R~NÔ
443 PRUg> S 0 .0001

SAS
SEX- F CMECKAGE~30T 0

UNIVARIATE

12 :13 TUESDAY. FEBRUARY 25, 1986

OUANTILES(0EF~41

175~% 03X 62.Z 995% 91 .7399
70% MED 43.2 90% 76.359 9
5% 01 3~.6 10% 25 .88
0% MIN 1••8 qX 221~8

RANGE 71 . .

NÔDE1 38 . 6

SAS
SEX+•F CHECKAGE-301 0

UNIVARIATE

EXTRENES

LOZiST B MIGH~S 4

~5?6 97?6
6,6 93 . 2

12 :13 TUESDAY, FEBRUARY 25, 19f 6

QUANT IL (SC 0E F-4

100% MAX 1I7. 99%

MpEO S4.~ 90p%~, tÎ 0<~p2

70~% MIN 29~4 15X 33 .37

NOOE1

g 1% 29.4

3$ .
34 .8

EXTREMES

LONEST NIGi1FS p1

~94 .9 ÎÔ2.4
34~8 i1

1

b

~
â

I



MOMENTS

M7AN 94.4119 SL~RI ~TS 4175+9
SD DEY 34 .492809 VAR ( AN E 1316 . 1
Û55MNSSS 0•0iy KC RT05 5 -0 ~46669 1 4

p~,~,p N

Th

9 p.5ld~}1 ~
T :NEAN+WO 17 .75 4
NG~N RANKO 364~f4~ P ÔR!>~SI 4 :0000f

E

E
E

VAR I Alli. E•AGE

I

SEX•F CHÉCKAOE•30T0

UNIVARIATE

12 :13 TUESDAY, FE®RUARY 25, 198 6

QUANT ILES(0EF4 )

1ppkMAX 192 .3 99% 192 .3

D 93.1 l .

fSÔ:2 g51~7xG 15~a5~~OX N~ N

RANGE lj

MrSSING V~ALU S

Y. COUNTCNOéS 1.33

E

SEX•N CNfCKAGE+GT40

UNEVARIATE

E

EXTREMES

LONEST HIGH~SS

50158 i6Ô6
0

~H ,~~ :z

E
17c13 TUESOAY, FE6RUARY 2 ., 186 66

MOMENTS QUANTILESIDEF~11

N 61 UM NGTS 61 I 9Q •32 9 3. 63

MEAN 47 .6224
9

UM7 C[ 2l01 .96 ~ M 0 50
.19 9 xX 4

.34 9 8

0.4 .b99 42 .9699 1 415TK .49W 5$ 057 54305 KÛR ÔSIS 6 998
5

~S~ 14001 ~~~5 1~~9.~E OX M N 40.0849 SX 40.23 1

V 11 .307 7 u ME

S

AM 0.6 9pf4,06 tX 40. 0844

SGNERÂNK 699i7S 5 PRÔ8>I 0• 0001 Rj~~~ 50~8137NUM ^• 0 6!

EXTREMES

OW 669 4~6319

40 .427 4 279 7 6I :8678
40 .4329 63.263

E
E
E

1

E
E
E
E
E



i

I
I
t
s

I

VARIABLE .HEIGHT

MOMENTS

MEAN 174.1Ô! 6~ MGTS 1p6206ti

6TKDMNEESS 06tÔ1412 2 ' KÛRiÔS15 0 .0
408 1681

CV6 31 4 b98b31 ~~D M ,A 0?¢8ti6 1
T :MEAN-O 195,932 pg

I N
0 .000 1

NIG~N RNO 94565 PRpB> S I 0 .000 1

VARIAB'. E»HEIGHT

14034E MI S
N 61 SUM MOTS Al
MFAN 79 .518 SUM 4850.6
SfD CEV 1 .652 VARIANCE 140 .469
SKEMNESS 0.965446 KURIOSIS 2 .35898
USS 394138 CSS 8428 .1 3
V 14.9047 STO M EAN 1 .51749
CV 52.4011 PROB>ITI 0 .0001
N~ RNÔ 96565 PROB> S 0.0001

SEX-H CHÉCKAGE-GT40

UNI VARIATE

12 :13 TUESOAY, fEBRUARV 25, 198 6

QUANTILESiDEF-41

1~g0X MqAX 1 78 .5 45k 18892

25% IN 1654,4 9
5~ 18622

.Ô
8

pRANGE

MODE1

31,

1867 9

SEX-H CHÉCKAGErGï40

UNI VARIATE

1% 1519

EXTREMES

105759 HIÎ86S
5

i61 " 18$7 .6

1636! ÎB9 . 9

12 :13 TUESDAY, FEBRUARY 25, 1986 5 8

QUANTILESIOEF - 4 1

100X M3X 185
.1 95x â 5~77

50% ME
D 5%

MÎN 759~~ g~ 659? 8
RANGQE 65

MÔOE1 182 . ~

EXTREMES

105958 HIGH97'. 2

6~ .2 125.4



VARIAEtLE-841

MOMENTS

NE Q61 SUN NGTS 61 .

STDNDEV 3a0s5~1 . ŸÂHIANCE 455Î~31
S56NNESS O423~j 469 KURTOS1 ., 05~219~OT9

~GMEAaNK 669268 ~ ~SR~RM~SI' 0 .v96000 1
NUN O 1%

12 .17 TUESDAY, F€6RUARY 25 . 1986 ~

E%TRENES

18~OF66 O~Gt~b6
20.2801 30 421' ;

22.~6~9 ~~ .3 619

0
E
I

LII
e
I
0

SAS
5E441 CHECKAGE'GT40

UNIVARIAT E

pUANTILEStDE€•4 1

1

005~A HEx ~7 7~73 g9~

RANGE 17 .350 f

~OX M~N 31 é :ni64 9

SEX+41 CMÉCfüGE~GT40

UNI VARIAT E

YARIA6LF..DENSITY

NEAN

6 iS~NNEESS

MOMENTS

35 SUII NGTS __
tt .049 1

0 013+46
~-6 .3432 0

40 .544
1 .2 714

tiAP.1ANCE
•~É58816iç ~jaS TOS I S

~x10 N AN Ô 0Ô18232CV

ST~i
NUNERy p 57~

.755
iiRô~i~~Î ô :oi

QUANT LLESIOEF'4)

50% MED 1 .051 5

ri IN i :ôi9é~ ~

747 9917 NA3x 1
.05987

RANGE 0.0556q~43
03 Q1 O

.Q2Ôtbb3

NNOIOSEEESIN[ CtûMT
6

7G COUNT/NOBS 9 .84

ix

12 :17 TUESDAY, 1' E6RUARY 2 3. 1986 6 0

1 .0704j
1 .0700r
1 .04658

1 .Ô26W69
1 .01489

ExTRENES

L ERT 142611851

1 :ÔZ778 1
.0683 3
Ô~ô6

1 .Ô2968~ 1 .OO7ÔÂ7

E
i
I
LII
I

E
D



~AR~AOLEfPERFATI,

MOMENT S

N$EAN 21 .70~1 SUH ~ CrS l193 .5,7g

SSSMNÉSS J5d62.027 (;55l4SIS N O} 9423~2

~ 0. 5 000Î
~VMEAN.U ~78

. _ ÔB MI S
T 000

SGN RANY, r5¢i0 P R
NUN -+ 0 55

SEX+N CHÉCKAGE+GT40

UNIYARIAT E

QUANT ILESIDEF+4 )

175•'
MA X

326
.8462

ED 29.6l 7

HIN Î3.43~5 -

RANGE 23
);k95~

MÔOE1 l,i 0:e :+

MISSING YA U a

x COUNT/N B 9 .8+

t
s
i
0
I
s

i
I
I

t

YARIASLE•FATMASS

MOMENTS

N 55 S~
HGTS 975,4155ME1.N 17.7 4'r

8
SKDEK44ESS Ob94~9i5 KAR

[

IÔSÎS 1~~Û5
34

0yyy
8

~VMEAN+O 20'6763 ~~OB>
E Sl 0?Q5700?9

0 .004,NG~Nt R+NÔ 756 p .)B> 0

SEX+M CHBCKAGE+GT40

LMIVARIATE

t2ç13 TUESDAY, FEBRUARY 25, 1986 t 1

EXTREMES

LOMEST MIGItESI
133 .30305 29 .74

71131
. 7p

: r136

fi484Ô6 ]b .211 7

,
9'$% ~1 .1261

95~ 13.~308

QUAIITILES fOEF•4 1

100% MAX 40 324
7~X Q3 2x .23509

20% NNIN 8~63011~

Rp3NGQ~ 9~~7472
MODE 8 .60c11

MISSING VALUE 4

% COUNT/NOBS 9 .84

I2:13 TUESOAY, FEBRL'ARY 25, 1986 6 2

99% 40.32'.
9 5% ~5 ~v ~
t0O% 16 .369

~1~% 8 . 6ÔÔ~ ~

EXTREMES

91
.66926 2y 7

HIGHES T

1302
9 .7C894
10.0047 29 .602à
10.0594 40.37 4

t



SEX-N CH~CXAGEk3140 -

UI!IVARIAT E

VARIABLE+SUM2SF

12 :+3 TUESDAV, FEBRUARV 25, ( 98 6

MOMLNT S

N

q4JANTILESl0EF+4i ExtRE11ES

E g S6 5UM NGTS 61 1 0 M6AX 74 .4 9% g74q.♦ ' LOM ST H1GH 5T

r{ 34

ŸUARI t AN'
E u .1

72676 0% H~FI ] .~ 4~ SÎ 73 t~
.♦2

STONDE V
uSKFNNESS 0 ~}~7T4Z5 KtUçRSfOS~1S U,26` 7 4

°~+0

) ~ M1~ ~~.4 1~ 1;§~~ 171.2 556~•~

Sr 324s7e7 7âp 1' TN Î~6 86 ' . 6 ♦
9 74 .+~

sc'NENÂK 214~hS PR~BT~S ~.

8
1 c RANGE tx 1}•

K~MI L 1 EE
7
I
e
I
E
Ei

VAtIAE1LE•SUM35F

HOME NI S

M
SEAN E Jl .IOi9 SI~RI ~NTCS 8 ia

SKÉNNESS 1+~8Âi KURIOSI~ 4~9814
uSS 104203 SS 1 r92 1 .8
CV 6.0466 10 N AN 1,80481
T :HEAN-G 31 667 ROB> T 0 .0001
N~ R~AN~ +45`~ PR08>~SI 0 .0001

SEX•q CNÉ&AGE~CiT40

UNIVARIATE

QUANT ILES(DEF"4 I

MAX 102 99
% 0 36.

3Y .` '~t~ SIN

pRA~NGpE 63 .4

iW0E1 73.N

'2c13 TUESOAV, FE .IRUARV 2 5 , 1 9 8 6

EXTREMES

100 IOMEST HIGHE~ T

18
:9+ 1~2~

id,t 22.~ 1~

LI
E
E
D
1
t
E
FI



I
I
1
I
I

e
0

VARIABLE-51,84451

MOMENTS

SAS
SEX*M CHECKAGE+G140

UNI VARIAT E

QUANT ILCS(DEF-41

12 :13 TUESDAY, FEBRUARY 25, 198 6

EXTREME S

Mf~pAN 57 .8754 3~ NGTS 3~3 64 '10~ MAX 125
.® _ 9S% 971 9

Ÿ 90.
~$fNNé

F

SS O~v~699b K~PTÔSÎS
;66699 2 0"4 NtN 7

1

24 .~ 10% Î~ .9~8
CV SS 33 .55 ~R~ gM AN

2
4886 , f~ f1% 24.2

4
NÛMER~ANO 2i9835

z

65 PROBŸ

E

BI ~ .0

p

J0~1 h3
RANGS

. 2011
.
4

SEX-M CHÉCKAGERGT40

UNIVARIAT E

VARIABLE•SUMSSF

LOS4ST HIG8H~S8

7. 90 . 4
~938884 125~

6

1413 TUESDAT', FEBRUARY 15, 1986 6 6

MONENTS QUANTILESIDEF•41 ExiREMES

N 61 SUM NGTS 61 100% MAX 2¢0.4 99% 100.4 LOFiEST MIGHE4T

STpNDEV 3g0.x329 VÂRIANCE 954~3.9 83 7g0G 03 MpED 1805.8 4 9Ô 174.32 35iÔ 135.4

Û5

E
SNNESS

0•53393Q CSSTOi1S ~ji8+3i1~7 3ÔX MÎN 35 .Î 1

p

5X 4~+08 44,6 16236

CiVMEAti .O 22.894l1 PRÔ8MI7i 308ÔÔÔ3 RANGE 165.2 1% 5
.2 53 .2 200 .4

N~ R~NKO 94565 PROB) S 0 .0001
~ÔDE1 64. 4

I



SAS -
SEX .M CHECKAGE -

1E30 12t13 TUESDAY, FEBRUARY 25. 1986 6.7

UNIVARIATE I
VARIABLE .'AGE

FKWENTS

V1UAM1 MGT5 S638`,X7

4RIWC E
K R10S1S -j.02 2

~~~~M E S ► 0 .34322*

pUANTILESI0EP-4 1

2â
;~~i83

11
1
411â

9 .2739 7

1i`#S~3

99X
90%
1

N p 5'r
MEA N

USSNNkS5
0X24485g1

1yMEAN .O 6ÿ ÿ6~3
N(G~N R~NKO 8265~

1 ~ XS . ^
2

EXTREMEâ

2g.ip9p4p3 19~122 HTâ 18!

2~p.7S15~y Q9)918 2~8~âb9

19,9123 2 S .6Î92 9 , 8186â

I
I
I
i
I
I
I
i

SEX*N riSlÉ&AûtnLE3O

UNIVARiAT E

VAAIABLE .44E1Gi41
MOFEMTS QUANTILES(0EF .4)

17 :13 TUESOAY, FEBRUARY 2 5. 198 6 6 6

EXTREME S

NE 7 1

@0~ MAX 190 .3 99% 190 LOMEST HIGNESTN 5184 NGT S
N5~ N E 173.8 7 SU11 ( eE 99~ 7~} 7 OS 179.1 4 1Q5.~ 160.1 1 a ♦,2

$K~NSS O .î09Ô811 KARTOS(S -OS6i1963 1i~
.6 9 1 ~4 1a 6 162.1 IE4 ;1

SSSS 1724716 `S S F 280 . 06662

Ha E

O M~N 160.71 1 ~2 16 6 t886
S

MEAN•3 18
0

~
4
~ P~ÔB~III O Ô3

Z

OÔÔf RANGE 1% 1 0
.1 16~.5 190 . 3

N~ RNK sz§~ PROBY 3 0 .0001
~g1 1i3.5

1
i
I
1
I
i
I



12 :13 TUESOAY, FEBRUARY 25, 198 6

i

I
I

YARIABIE'44EIGMT

MOMENT S

N 57 SUM MOTS 57
N AN 75.0842 SUM 4279.8

SK~M

E

ESS Ô 32

y

8~Î KAk~ÔS I

CE

S -0
.1004

,4982861
N CS pS N AN 1B35b 9
T 7vMEAN~O 5

32721 8

56

S

6 P
51
ROS> j 0 .0001

NÛN R
ANÔ *26~7 PROB>~~,' 0 .000 1

YARIABLE•8MI

MOMENT S

57 57

M
5 7 p
AND Y 2Z•8874 ~ RIANCSE 808

SKENNBSS 0 .409099 KCUçRTOSIS -0.638306

CVS 3566Î 7
y

S

S

TO M 0
4
382445

T :ME AN~O64 .9522 RO¢>
E A
N TI 0.0001

N~ R~NKO 826 ~7 PROS> S 0.0001

QUANTILESiDEF~41

IOOx MAX 101•5 95% 91t44

5
5~ gNp

~D 6~B5 9Ô 864g2
Y

5F

OY, MIN 5 .4 1~ 6~~944

RANG

E H60E1 4

3

SEX~M CMÉCKAGE+LE30

UNIYARIATE

F7(TRfE S

LOHÇST MIGMESI
5 . 4

~682.3 661 3 IÛ99

12 :13 TUESC7AY, fEBRUARY 23, 1986 r( i

QUANTILE 5 IDEF+41

r~OX NpEO 22~6 337 94 9ÔqX~ 20 .769 7

Ô% MÎN 19.~487 r5Z 2~~2
.384
~82î

RA3NGQE 12.20~ 6p 2

MODEI 19~7487

EXTREMES

~07487 ~9G3G5
T

1lÔ .ig3016 30.Ô7283
1 .1017 30.4447
1 .2204 31 .95 2 2



YARIAB4H*GENSITY

MOMENTS

10 V
EMN9SS ~b~1~9~~6 ~ VARIA $C ~?AÔ35~3SK

M AN 0
.0~6141iU

ŸS
b3

6
. 19496 0 .00 28425

ifr3. 000MEANFO P908)11 1
MGN RANKO 7 96 PR08> S0.0001

SEx~M CNÉ&AGE .lE30

UNIYARIATE

12t3 fUESOAY . FEERUARY 15 . 198 é

qUANTIIESIDEFlai

l .041 99%00% MAX

1HÉD 146K 3~~ 5i 90~ 11Ô89 e~E

%~XZ 1ip~3 ;15620~c N ti
0
0236 t

o

..RAN E 0 07119 4

N1551NG y{lU ~

x COUNT%NplS t .7~

I
I
i
I
t

SEX«k CkÉduGE+lE3O

UNIYARIATE

[I,

100% MAX

E

EXTREMES

LON ST 1 1GNEST

~~~~~~~ 1 0901

0

~926 7
1 .09

2
259

1 .
1 0 9 4 8

_.
il

YARIA6lE,.PERCAT1

MOMENTS

54
M AN E 16 . iii St M I~TC SE 915 . 4

S~€NNESS Ô Q~5 9~ KU5 RT 0 SI S '-0.~35Q533
II€ I

TYSMEAM•0
43 .49 ~R6M~TI 0?ô1app33d

NIG~N R+NO PR08> S 0 .0001

12113 TUESDAY, FEBRUARY 25, 198 6

pUANTIIESIDEF«41

2.340$ 99

% MoED ô ~~ 9~ `~~~96
3

MÎN 3.47 31 5% A.4~535

R_ANG,
1% 3,41X3 1

~$ . ~89 ~
3 .4723 1

MIS'sE :iû OÛ
NC T 1

% COU6T/N08S 1 .75

EXTREMES

3~N`i23i zYGS2ii

; . ;~$9`1 2~~i4 :~
4 .944 56 70 .618
5.23061 3 ,3e09

E
LI
I
I
I
I
ï
I
1



1

I
i
I
I
0

VARIA 8LE -FATNASS

MOMENTS

5ibN DEV 6?2308 R S
7

38 .878
US S
KENNESS 0.393~

pbi
97 , VKUR70S

1ANC3
-OZi~673é

9
S

C
vMEAN~O 15932¢B ~SpÔ8>~S) 0 030001

7y 0Ntkj 1*~NÔ 5 6

VARIABLE•SUM2SF

MOMENTS

NEAN ~3`6

57 SUM 51

6 VÂRI,AMCSE 18Z3g156
S

ST

p
OE

V KEHNESS 0 .6322005 KC U5RIOSIS -0 .18 2 6 6
US S

TtMEAN -O 15~98Â6 PRÔB>ITN '070[OOÎ
SO

NUM
RANÛ 82653 PROB) 5I 0.0001

SAS
SEK - M CHECKAGE+LE30

UNIVARIATE

12713 lUESOAY, FEBRUARY 25, 198 6

OUANTILES(OEF-4 )

100% MAX 27 .8239

3~% N01 IN TJ2~i2~2

RANG E

HÔD~t 424~~~2 .

MISSING VAI .U€

X COUNT~NU08'5 1 . 1

SEX•N CNÉCKAGE+1E30

:1NIVARIAT E

QUANT IIES(DEF*4 )

15~ NQ~D 36'~

20% Fl7N 10.4

RANGE 56.
.03-03 ~~ :~

A~x s 7 . 82 ~39

15% 244035
3

II' ~ .421 2

95%
y0ï

's~
3%

t i

EXTREHES

MI 8
~1Ô? HI 237

~ .~ 1)4 11 .8684

3 .3 3 7 5E 2 44 .5g036
3 .520 52 27 .823 9

12t13 1UESi1AY, FEBRUARY 25, 1986 iti

67 .2
52 .06
b8 .6 4
12 .64
11 .3 6
10 .♦

F ;iNEMî S

LOMES6 HIGH~S~
3 .2

101 ;4
53

. 8

i2 2 Î`7



VARIABLE-$11435F

MOMEWTS

N, 5g7 SUM M615 57

S~pN DEV 3=t ;~7; ŸAR( ANCE
18

e

65'12
ÛSES HNESS 0~9` ~7 7 969 ~U~i05IS 0t665473e

~GNERÂNK '~b26+~ VN6~M~SI '0$0001
M114^-0 5

SEX-M ÇHÉCKAGE-LEâO

UNI VARIATE

f2 :t3 TUESDAY, FEBRUARY 25 . 19 84

E%TREMES

LONEST MIGHfS5'±

Î~ .! 5
i

' >

i 6 t6j b~ .2
17 .8 77 4

QUANTILESIpEF-A i

10~ MAX 77~~ - 99X 777
7 8

~ÔX M~N 21566 4 ~~:8~

RANGE 2i
'

t~ .

I
i
I
I
I
1
I
I

VARIABLE-SUM4SF

MOMEkTS

M 5

7 SuSENNiSS 047

.6982

KC ÛSR5fOSIS 0 .Ô827199~88

T 00

i!!!

YSMEAN•0 18.5~7ÔA IjAi ~p6Ô 04
$RANKO 8265~ DRO BPRO! > Ms 0 .0001

SEXMI CHÉCKAGE+LE30

UMIYARIAT E

GUANTILEStDEFN 1

i
MA
X 62~ i ~lS X

1.= !' 0%~~N ~ X

RANGE 0 . 8~2 :~

12Et3 TUESOAY, FEBRUARY 25, 198G

EXTREMES

LON ST HIGh :S T~~2~ ~, 8

~~ :â 103

i
I
I
I
1
I
I
I
I



t
I

MOMENTS

PI 57 SUM NGTS

CV 43f .73267 STOM A N

uS~SMNISS 03

73 .895 SUM

¢6
5g6~5 K Uy TOSI S

rrNüNER~NÔ i1826§5 " P

p g

R08>~S I

VARIABLE-AGE

419456
1035 . 7
0 1672~
Ei8000 .

Ô . p26

y

p01
0 .0001

~
SEX=hl CNÉCKAGE-LE30

UNIVARIATE

" OUANTILESIDEF-4 1

100% MAX 166.2

2% l5Np
D ' 4 ~7ç Ôg

F
Ok MIN 2 i . 8

RANGE 1 476103Q ~j
MODE 5~.4

95Ÿ
90%~

i%

SEX-M C4ÉGiCA4E•3010

UNIVAPIATE

12 :13 TUESDAY, FEBRUARY 25, 198 6

166 .2

113i9 ~
3 6
3 ~98

EXTREMES

t 7

LONEST HIGHISf

~9 B 13 4
zi~ 1~~'é
34.4 166.2

12 :13 TUFSDAY, FEBRUARY 2 5, 198 6

MOIIENTS pUANTILESIDEF-4i EXTREMES

N 37 6UUM 14
G15 1330 Ô $7

¶00% MAX 39.9123 99% 39.9123 L ONES N (GMtS 1E gg 75% 03 37.8507 95% 39 .466 31,06 35 . 99 4 ;
03

S

SK

p

ENN

E

ESS 0~33~Ô3ÿ KAUS RTÔSI

C p

S -Og568758i 25X MQiD 34 2829p tÔ% 32.26413 31 .~Ô<~ 3
939

..32653

~JfVS 6~69

2

568 SpTDN AN 0?3957Ô2
0% ¶411 31

.063 SX 331~Ô63 33.I

35

tOl8 39 .91 îRANÇt
i

kLG
M
NER~NO 9035135 PRÔB

g

>~S~ O
.ÔÔÔ1 ~OE1 8385Ô6~

t



MOMENTS

$i I AMTS . y ♦ .K693MD" OfV 57 819~7 Vq
SKE""ESS 1 .03553 KURTOS~~ 2.2I
1[155 1 l 20 ü30

Th M I~N 0 .9

8

644~
TyMEAhrü 176889~ ~ROg> T +' 0 p~p 1
µ~ R~ANKO 351 . 9 PRO 8Y I S1 0.0001

Sftf•11 CHÉCKAGE'3G"3

UNIVARIAT E

OUAN1It.ESfDEF•4 1

~ q x 1Ÿ~ .Ï

2ÔX NftN 1~6a4 . 5

RANG E
Q3 - 1
MttD i

L'

CHÉCKAGE*~OTO5ER•44

UNIVARIAT E

103 .00% MAX

t~
1
M

;~
. ~

RANGE 40

u

►IO~E 1

ï !

12i13 TUESOAY . FEBRUARY 75 . 1986 D

EXTREMES

I.OHEST , HIGHEST
164. 798
164 . 180 .7
16 56. tqi~2j

161 1 194 5
~

î'
VAAIA8I.E WEIGFIT

MOMi1fT S

W 37 3 .~
MAN 18 .2I4 SUM

: 1
6tAt

lus HMESS 0•~]6~4ii1 K _}~ ((

S
Ô
NERÂ~ 51~18iS ~pM}~p is'~ ;

NUM ^+ 0 S

OUANTIIESiDEF"41

1

6

1213 TUESDAY, EE8RUARY 25, 1186

EkTREMES
L06~5~ HIC!'~S ~

t~p ; : ;68 . 2

i~.5 103 .2

Li

I
I
I
I
I
I



t
I
0
1
I
e
t
I
I
I
I

l40NENT S

N 37 SUM WGTS 37

51DNDPV 1688992 VAqIANCE~ 86~516I

SKEMN SS 0 .688292 K RTOSI 1 .2891

USS 2553~.4 C~S~ 300 .65
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PREPARATION OF SATISFACTORY MICROFIC HE .

THESE PAGES ARE INCLUDED . IF YOU REQUIRE
THESE PAGES, PLEASE REQUEST THE LOAN OF

THE ORIGINAL FROM :

National Defence Headquarters
Ottawa, Canada . K1A OK2

Attn : Customer Services Centre/DSIS/CHAD .

QUELQUES PAGES DU PRÉSENT DOCUMENT SONT

INFÉRIEURES AUX NORMES DE LISIBILITÉ REQUISES

POUR LA RÉALISATION DE MICROFICHES SATISFAISANTES .
LES PAGES EN QUESTION SONT INCLUSES . SI VOUS

AVEZ BESOIN DE CES PAGES, DEMANDEZ QUE VOUS
.

SOIT PRÊTÉ L'ORIGINAL AUPRÈS DE :

Quartier générai de la Défense nationale -
Ottawa, Canada, K1A 01(2
Compétence: Services wx cliPnt~s S1SD/CR Dt•v .
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1ì g4 1
. 8 . 4

9 .4 6 .9 ]7 .1 4 7 ` 4
0
9.~ b

5 . 1
a 0 45.1

4
1•1 0 . e5

:

7
7i 12 9 93.6 1

7 3 T 77 3
♦j 77 11 . 0 0p 3

1

1`6 9 .2 6 .6 6 . : 9
:

8 76 :~
38 .1

~: S:0 •1 .6 5: 7 .~ 9 3 :4 94 .1 4 :7 0:1 743 7 . 11 .~0 ~ .♦1 ~. 38. 9

166 11 .1 0 7 .54 11,40 IC 4 .70 02 21 e b 4 .750
167 l1.0 7 .89 3 t1,10 8 .1 4 3 3 .91 ~:24 456 6 :69 6 .250
16 8 11 . 40 4 .9'. 3 11 .40 6e .91 3 4 .9

22
.19 716 6 .66 4 .53

0 k 5
9 170 11:IB  i : 6 3 11 .4Ô 7 :Jt 3 5 .51 4 :95 64~ 96 7 .68 i :3 Ô

06 4
65

11 .30
6 :'0 3 11 .3Ô ~ :ÎÔ ~ 5

.46 4 .94 671.
3
:63

t6! ~6 . 66 5.~ 0
1

16^ 11 .30 7 .96 3 11,30 . pC 3 3 .92 3 34 461 2 4 . 66 5 ;450
16t! 11 .30 7 .63 3 11 .30 7 .i6 3/ .56 3,90 482 f .6! S e

H H ~ H EA Ô Ô

H N

1 S N N
2 41 3

S T L L 1 L / C V R P

6

i6~ Jp :~8~~1 0 :3o97é~ô ô :â7`â,~'
165 0 :10•gy! 0 . 1 13898 .104341
166 0 .097072 0 . 006611 .103684
b67 0 .173706 032 588 . 111118
16~ 0p.021464 ~:095163 ,g~1301
170 0 :0~41613 Ô .11i556147 0 .074530

SAS

SEK .N ---------

d

l35' 1U1S0&', Aorlt 1, t96 , 5 `

~ N M e N

N . 1

143
78 410W *45 149 .*4

6 9i ~7: 0 TR MiBN 147 163
:
~1

1 . 1 7R NI ON 14e *67,1
1~~ 174 .0 '*8 N74N 149 176 .1
1 71 .0 18 N10N *50 *74 .4
*60 . 1 7R 610N 151 111 .6
152 71 .0 TA N10N *52 1e1 .2

7~ :4 7 .9 40 . 11~,~ 1~7 .6 1 .0 . 6.1
2 9e . 4 1116 . 0 . 3 .

7
p

9 :0
~.
36 ' 119 . 99 .4 96 . 3 . 4 .

. :~716
:
. 6 . 4 91

:1
1 *1 .3 103 .6 101 . 4

e1.9 5 .~ J40 :

p

0 1

p

20.6 tÔ:Q 1Ô
S
3

:8
: ~.778

68.2 6 . 36 .4 111 .0 i00 . 3 96 .0 . 0 . 1

i 1 C A
I N B

}p sy ~X
J A T PS

4
L C, A T K

~
6 .3 14 .8 .6 10.2 9. 20 .0 e.0 20 .0 11 .4 190 1 .0 6 91 1• p

1 17 . 0 11 . 11. 19 . i 14 .4 8 ♦ 1, .0 3 iJ . 1

9 : 17 :}̀ 5 6:6 ' :~ 1~ ~ :~f
I é :S 19 .4

:6p •
:

.~ ,
,62 .1 . .

./ ~ ~ . ' ~e . 14 .0 .0 1 .4 11 .4 2• . 4 1 . . 19:2 1 :0 ~ :• ~ :~
e . 8 17,6 .0 ~ . 2 .2 1 7 ./ 6 . 9 .1 : 2 6 . 4 ` .6 ~ 2 . 147 . 0
9 .4 17 .4 . 16 .7 1 . 7 3 3 . 4 10 . 3 . e 11 .6 11 .6 17 . 1~ .4 91 .6 139 . e
5 .4 16 .5 / .~ 6 .2 9 .! 11 .6 9 .9 1~ .6 8 . 4 e ./ 10.~ 1 .8 96 .2 146 .2

N C H[ I R M 8 A H

~ K T i Il 1 IT T G ~ N M N û
S L L H N M N X L L P ~ L I

SAS

SEx .H

L l l

V N Ÿ N Ÿ

~ ô k ~
0

1 H
M $
R
Y 0

` Y ES

0 22 331 1 .27202 0 .991111
0 .049557 1 .47070 v . 9111 1
:071b91 2 .07e 8 9 0 .997111
. p10t6 311 1 .0e115 0 , 7111

8 :

p

0325É6 1 :1e~4Ô 00 :997111
0 .022484 1,954 0 .997111
0 .011301 1 .27b8 0 .997111
0 .01161 3 1 .765 34 0.99711 1

E P P P

ï
~ S S é ~ x r

1 .05403
1, 8w *2 .4542 /

17 .109 1
3.9 77 1

6pj 1~ .76 ~ 1 .3229 y1• .99 14 .4J !ÿ~ 0lp

1

.1

: 1?0 16 :~g ~ 0 3 . 616 0 :1~7y
6 21 :`777

1 . ~ 1 e lJ. 919 1 . i te . e,91 . $ 1 :03 711 11~•36 2~ 2e'i 96
1 : 06~ }~ : :13~ ~~

,

~~ }
• .

; :1
/

Q N M

ï 9

A 8

1 :0~6Éé3 1 :ô71i' 1 :ô6~,5'
:~04

2612 1 .05749 1 .

p

051~1 .p5 e
1 .06032 1 .01194 1 .01923
1 .06787 1 .04903 1 .05539
1 .05974 1 .07791 1 .05756
1 .05272 1 .04397 1 .0411 5
1 .05393 1 .0474* 1 .0541 2

_
0.062~0 0 .6247e 0.6e7 3e
1 .44* 5 7
1 .55404 1 .09310 :4909 4

9~9é :#i:++s ;~ ::~ °a

:~~~~i ~ :~i~~ :~ ~
~

*

69

4 .12 1 .32 4 .1

P 4

1
:668 3 .61 1

.
69 1 :98 1 : 055 2

.
35 6 7

.
Ô137 2 .'3 2 :i14~775 2•11 µ1

i :17lÔ 9 :7 9 :9~9r .7' .`~ 1 :6i i . tib

3 ~

6d77 : 3 1 :9i3 :5 1 :1

2

5Ôg0ÉS

t : Ô I :e

p

~ i : 3e0~ :01~ ~ :6Ô 2 .

a

18 1 :975418 1 : 3 1 :17323C 1,2 099444

3 .~0 ~
:7Ô

3 .3
" 30

.01
0

0
174
.1é 4 :15 ~ :19 1, 214~53 7 .83 1 :9~615 i,b

n

700 C

1359 TUESOAY, APRII 1, 198 1

N

H ~ H H
~ Y ~ ~

2 ~ 1 3

M N

~I .
1 . 0578 6 1 .~8

04

1 :6~7 1 :~755

1 .~16~ 1 :p 117
1 .0545e 1 .05391

P

1 .7407 6

N M

9 I
1 .05586 1 .03572

1 :0056 3~1 1 . 00 46995!

:ô6~36 1 :~15i

11 :019ÿ49 91 0
.
.0

303
00430

2

P P P

~ . N 1
28 0
57 17 :16 10 1â .,i63 16 :11Sâ i~ . t$9j 19 : 3 728

0
.170165 '1 .66Ô3 i~ . ♦ / ~ .7~0 11. 1p179 i6 .03Ô6

~~' : S~é 1

Up : `2} é 2'i :706I 9~7 19
:6765

}

~~1 9~.1 21 ~1 . 369 iJ :~949 2IÔ :
84 1
23~ 22~ :7



I

I
1= 1

I
I
i
I

S .'
-------------- -~______-----------______..__----•---___ ..... SË, .« . ._ ._ . .

0 0

163 ~,~j716
0 .627 33 0:61161 0 .~#1i 1i : ► 1 i i .~ ~5.! ~1 :1 1l .6

IN 1 .62674 p . 96p53 0.66E21 Ô .66d21 14 .4414 1 .E 41,6 ~1 .6 L9 .3
•163 .2477• ,1 :60d55 5 ;e~62e 2 .26T75 0:7530 0 .2 ~e .6 399 ~
16e 66766 vv~j 953c 0 .17235 0.17233 •0e!9 9.e 9

5
.~ 6 .1 1$ .

¶47 5 4475 7

61 0 .0p65Ô33 0 . S397jÔ Ô .6~603 Ô :Ô'57p31 ?t~ .si6r 3~•E S9 . :Ô 'o :1 ! 31.6
t70 2 .97125 3 .03689 0.06564 0 .06564 20 .7902 35 .0 61 .~ 6 0 85 .0 19 .4 33 . f

N
N N 0

O P B H

§

H H N

§

i §

v F § § '

~ ~H N~ H R N M M M

1 1! ! +S 71 .0 1

1 1 i 4 8 65 .5 ,7C 1
46 0

1 0 9 44 76 .0 1901 ~i7 4 4 0 7 ' .c 1
1! 9 49 6E 17 1
2 25 t~ j735

765

: C 1

II?
~ : ~

A
C
L

OU T

~ É E H,

2 L M

171 9 8 .0 10C .9 59 .0
172 93 .1 100 .~ 63 .6
173 9 4 ,2 99 . 61 .2
17~ 100 .3 109 . 66 .1
175 90 .0 100 . 1 .1
¶14 0 .9 . 55 .0

1ié taQi :é '~2~j: ~
179 8 8 .0 95 .~ :6

T

i I n û ~ ~ *

i P " K t ô M
t 1 § I G l l

R
M

39 :1 39 :7 7.3 3É .9
`]2 :7` 4777i .7 î .♦ 3 ~ .8

395 :i 37 :~ ~ :~ 33 :(.
62 .1 42 .3 3 . 3 t . /~~ :~ ~ .~ :6 ~. : d

s H
~ A

'r T I.

PTI Hl S S

1e~
If

1

t ;j

SAS

13~59 TUliOA•, A~RtI 1, t96 t

1 T F 1

§
A

b 4 T ~ ~~ ~} § M d ~

7
:~ i9

:6 7 .? ~ :p 67 :00 106
:?

37 .i 346 2 1.332
. ♦ i .t ♦ .1 ♦5 .0 1 A 0-1 33e 37,59t8

0.~ +' 9 r .l2 6S .3jj ~ .48 1
.
~.0 ~7 .6 4960 6j~~ . 2`5

9 .7 66 .~ ~ :1 r :t 51 .0 114,8 75 .2 -567 76 .0e !
lôtl1 .9 694 34 .0 S .3 23 .844441 .3 -i663 6 2

._SE1 .M . . _-~. .. . . .. . .. . . .~._ _ . . . . .- _ . ___ ._.. ~._-.-. .,,, <

G ~ Ô 84

1S 5 N D 1

1 , 1 TRF4104 153 174 .4
63 .0 TA k'0' I S . 171 . 6

1 1 TEE'. "04 155 16 4 .'
102 .1` iR N106 1 7 11`,9

N C AB
" N 0 H N g 0" 0

~ ` ~ ;I t) K N

~{ 2 . g F .6 39 .0 109 .0 107 .1 103 . 6 , 96 .1
Q3.5 ~, 3 7 .0 1 10 .0 103 .7 102 .2 . 90 .0
+r .i ;n 39 .1 11 4 .9 10 .1 102 . 4 . 90 . 9

103 .2 60 0♦1,3 1 0 . 114.6 110 .2 . 9 4 .6

6É :5Q 44
.2

3E . 1~5 .2 107 : '16,6 :

e

79 . 1

éÉ : 21 ~6
.

?

: :
3

2~ ;ô iô6 :i'~~i : b4 'â . : ~:'é3 .
s74 .1 . .4 3E .5 112 .2 100 .6 97. , 8 5 . 6

♦0.7 A .~1 5 .0 6 .6 166 .6 I10 .4 -4J '
52.7 36 .7 5•9 32 .e 91 .2 56 .4 -3496 6 .99~ 5

1359 lUESOAY, APPEL I, I98 t C

68 :5 Tq N104 ¶55 170Q
i TR NTOF  17 6
1 TR R106 tr 169 .6

1 : 1 TR NTOti 16t 166 . 2

F P 1

~ ~ FJ L yC
M M 1 f F F F

1 t , 6

1~
:`,

C A I A T R

~ ~ ` ~ * ~ P,~
î i § §

14 . 7 3 2 .E I 4 .2 13 .8 1 .6 16 .6 93 .1 16 4 .
9 .2 2' .C 16 .6 10 .6 1~ p 1 7 .4 9 .2 14~ .

1 1 .0 35* 1 8 .0 21 .6 1a :0 E .6 7 .6 1 .7
1 67 .07 26 . 4 11 .6 1 !!1 .68 16 .6 13 . 4 9 .0

5
t~t .6

19 .0 36 :Ô 17 :6 2` :O 17 :6 1~ :6 6é .• iât . ~

'§ :~ 3â :i ~ :~ '~ :? 1~ :Ô d :g ~6 :3 ¶31 . 5

20 . 4

.1 .4 31 . 21
13,70 13 .2 1 .

4 14.5
13 . 6~: 2Î :Q 3i

:É
11 : 7

6

p 13 :e6 2) :
6

~~ :2 ~7
:7 i~

:É 3 : 2

171 .6 2 9 .4 1 .1 60 .7 25 .0 42 .

~3 9 .~ •1jI ~ :

j

0 ~. 5 ~ ~6 .1
3 40 .5

~~ ]7

p

1 .!
176 1 0 . 7 5 .1 ~ .~ ~5~ ~~ : t .` 66 .9
17 10 . ] 7♦ AA 76 . .1 ♦♦1 1
1 7~ 9 .

.i 7
.6 ~.3.3 ~.6 ~

:11 ~~ '~ :! :~ ~ :~ ~ :~ a :~ ~s :
~ ~

: : ~ :
~ r

:ï

S C I T

~N gN ~M ~M `
t T T 1 T
M M M H

i :' ~ :Ô 68 . 1 .3 9 :
4 . 4
4 .9 46 .0

~2 :~ t : 5 3 '5
~ :Ô 6~,2 6#Q,3 f :♦ 6 . 6

~ :8 ~~ :é ~~0 :~ ~é :é ! : ~

7 .

7 . ~

~ .4

Li

C

~p ~" "I I'?
L I i S P L

°
~' .

.4

49 .0 2 .2 14 7
. 7 1.

:,0 1 :~

,^~7 ~l :0 ~ :

5

Ô 7

6
1 1

74 i: 11 :
. 1

4s . 1 .6 74 11 . ♦ ~
.00

3 .~ ♦9• 4.3 743 7 . 1I .

:o :~ :7 ° :~ ~:~ 3 : 11 :t .



I
i

SAS ¶359 101 &' . A~'Pli 1 ,

-• S[r•N --- . _ _ __ . _ . .~-_-- °. - .____ . ° --- - --------- - .

i ~ ~ ~ ~ ~ I ~
É 1

w
0 Î A 0 ~ V ( M

S 1 C l t l C C 1 R P

171 11 .40 7 .07 3 . . 5 .14 3 .bi ♦ S 6

~~~ ~~,40 7
;~~ 3 ii

:~~ ~ 4
. , 8 ~ .9e ~~e 6

11 . 7 . 0 e 4 5 .2 .e9 6 6

179 11 . ~ 6' 11 .75 7 .7~}1 3 3 .8
1

; .24 76 6

,79 11 .5 7 ,. i 3 11
.345550 7

.71 3 3
.94 3

.41 ~63 225

N
1
N
R

172 0 .0272l 0.0344 8 0 . QQ66 165 G 0 .077l 2

0e D

5 A 8 c 1

171 0.007263 . . 007263

1 3 :4 5 S~ 0 .44 1♦ : q367i6 6776
i75 1 9 1 p777 0 .1874~1 5.0284s4 4 4

171 245 2 7Ô4 0 . 33 Ô60 Ô
:
0179 5~ 0,Ô979S9

178 0.01419• 0 .1~6387 0 . ..̂11592 0 .07479 5
179 0 .1973115 0.197315 0 .000000 0.000000

8 H H Û N Û N U

6(, . 7, 7• E 7 0̀ G 0̀ F ~ F P

1 1 A A 8 ! TC C 2 V t 3

.68 3 . 7 7TÔ
805 1 .i4

i
. 4~ 2 .0382

i .37 $'SI 1 .7Ô36Ô 7 .l3 1 .93Ôpp861 t .76552

5845

.

.68 3 . Ô 3 .00. 70,4p9 3 .95 GC .jé 3 .{ ,9Ô 2 .9i 2 .45691 7. 3 01597 7 .6
1 7 0 2.6 7G9 .26 1 .15 3 .24 1 .86186 7 . 1 .86116

68 5 3 0 2? .?873 1 2.80 2 .24 41 3 .09 1 .~4

3 11 .

`.

5

6

3

88 6

567 g

3 7 . ~ 1 .73437 2,0903 6

.6 e 8 5 4 .32 0 ♦. y1 520 Ô,99 1
.30a 57 1

.ii
7 3 1 .9729 1,7 5

6.68 5 .716 2

.7 5

.22 .55 3 .

0

38 CCt,.t19!

?

2 .72 ~ .00 1 .70652 7 .3 J 7.32 1 .90384 1 .7Ô3 765 2

D D pE p[ pE

~ û N M

T
N

TŸ T T

N P ~ ~ ~

S Z 3 Â 8 C % Y
Il l
173 1 .03559 2?~;i5

~l9 2Ô .~ 822
26 2 262,

.2â79 70 .737t 01 .25ÔÔ Ô.~Ô98
9

8 25 .6877 0.31015 0.2999
1 74 1 .03439 25 .900 0 3

S
5 .2977 28 .~9 7076 26 .4045 2.71537 1 .11271

175 1 .p5 146 14 .3602 19 .09 1 8.3743 18 .7135 0.71110 0.3803
176 1 .05063 2 .~433 16 .447 1 .5735 19 .0748 1,12991 7 .581 7 7
177 1 .02561 77 .7292 9 .60555 2 9 .4374 30,0504 0.16832 0.444 6
176 1 .04141 0 .4~61 32 .6440 22 .7125 21,4869 0 .068 5. 1 .15711
179 1 .050~k3 12,8867 18 .2814 21 .3021 19 .0~66 3.02074 0.79514

A
1
Z

K t

~ .6Ô~67 Ô .~~Î17 ~5~89®6 ?~ .~7~4e ~6 .~916 ~ 9 .~586 ~7
.?i17

7 621 A
0 .33917 0 .33917 ¶8 .5439 14 . 5

1
55 G .700: 0 .0951 0 .43''

1 .45131 1 .1299 1 1785 1 .0775 18 .
8
39 3 C 19 .4716 0 .7765

0 .6129 8

2 .2ZS59
Ô
.79~~4 ~8 .6~9Ô ~ 03,1025 ~0 .053G ~3 .0Ô17 ~Ô .778 k

SAS
_~_ ________ __________-____•_• ._________ __ .__ ___ ._ . ____ . SEA-M

13t59 1 0ESD 6~, AoR14 t, 198r 61 ,

7

I x E 1 10 U H N 0p C

F F D Û L ~ DA ~ 6 1 1 tAÇ fj

S N N 0 1 1 1 l ~ D M
~ t G N 5 6 I G

17' 0 .56220 1 .46662 0 .90442 0 .5622 1. 26 .5638 ~1 .9 61 .2 83,3 2 0 .A 32 .7 50 . 8 39 .3 6 .5 7 8 .A 1 8 9 .6 123 . 4 -5749RR 3 8 .E3123FF172 1 .4 .085 0,14144 1 .79941 0 .14t .. OO /C 7 .9 61•3 8 2 .4 ¶8 . 8 48 .4 ° 3 6 .1 f 15k .4 t0C .4 - 5' 055 315 . a2kC 3

17~ 3 g19ls g ;? ~4g 8~ ~ .é~~0~ ,° .Îi5ç~ ~~ .ô~65 ~4 .~ 58 .8 7k .~ 16 . 1 .0 4~ .3 3~ . ~ .9 $~ .6 t91 .8 ¶24 .0
-ié5~ 37 .7fi 941 .3 972 0 . 4 .1 55 .4 4 4 t 67, 6 161 . 1

175 ~ .60490 0,26_04 0 .3366 4 0 .268G• 20 .5660 c .6 4 .9 .1 I t ~ 6 .7 46 .2 3 8 .~ 7 .4 44, 2 111,6 ~1,6 -718 6 43 . 4 247176 1 .076 g 7 2 . f15r 1 .30497 1 .0765 7 18 .9333 ~1 .7

[ .0

80 .1 11 .5 3 0 .8 48 .1 3 5 .9 4 . 6 2 .4 7 E .8 50 .7 -37k 5 3~ .7521177 0p .02410 0. 86?6 0 .6/29 8 0 .02A10 30.7878 0 .0 ,9 9t .2C .4 33 .1 50 . 42 .~- 7 .6 7a .E 205 .0 1 Z
7
.0 _49 .967i

i79 7
.1867 0, 25k1 7 .2i9Ô7 ~ .725ci 10,6156 8,1 ,}7 ~3

.2 16 .7 229 .3 46 .7 4C . 5 .6 31 . 4 91 .8 5 . 8 6 4t .5f9 :
4 .999 tE . 5 29 .5 67,3 3 4 ,4 .5 53 . .. 13~,4 996 .6 -e919 48 .3k 7 +

N f P É P

N F F ► ~

Z T T j S Ÿ

¶88236 36 0 .997111 1 .03880 1 .03431 1 .03512 1 .03303 1 .03830 1 .03780 1 .03149
1 .71771 997111 . 1 . ~Y$689 1 .05135 1 .04757 1,05074 ¶03647 1 .04764 1 .04439
1 .43380 0 .997111 1 .05121 1 .03819 1 .03744 1 .03890 1 .03077 1 .03474 1 .03400
2 .44 8 8:9911 1 .03e40 1 0! ♦ 1 .03345 1 .03721 1 .03118 1 .83699 1 .8305`1 .616 997111 1 .04636 1 .06471 1 .05647 1,09564 1 .0653 1 .O081,OSS2j8
1 .71250 0. 97111 1 .07015 1 .0120 1 .05843 1 . ♦88 1 .06

9
6 1 .0344 7 S1 .0379

1 .60611 0.397111 1 .03410 1 .02973 1 .03012 1 .02870 1,03374 1 .01k9 1 .027021 .11477 0.997111 1 .05153 1 .04614 1 .0459E 1 .0~892 1 .03101 1 .04202 1 .011871 .70652 0.997455 1 .0700.. 1 .05669 1 .04936 1 .05475 1 .06950 1 .0523F 1 .0452 6

I



I
p M 8 M

S F H~ V
N 14 1

B
M

!° ~ô1fo~ONON ' : t~b ' : ri 4
0

2 N1lSON 1 1 11 j 44

<' Mi1NtÔ

}

N 1 1 31 733
S 01J[7FNNOFF6R 1 1 7 4?3
b MR[GGC1 5 1 31 7 0

8 7
88 ~

kA~ K1NSON
1125 1~0

A

0

SA S

N P441 G G L L A~ ~ ` 1~ % 1~ 1~ ~

t ; :ô~6 ~
1 .

71 .
70 .0
68 .0
69 .0

, 1 200.0 1 9
1 $5
.0 1R NiO N

: 1 162 :0 ' : 1 TN M1pw
• 1 180.0 • 1 1R NiOw
. 1 192.0 • 1 TC N10N
, 1 1e0 .0 . 1 tRQN10N
. 1 t50.0 68 .5 1R6Ni0N
• 1 . 1 74 . 1864410N

~M ~

~ T Ç!

163 110:4 2 .7
16

4 bS 1~`5
:4 i~t' i

I

1 ~

111
166 178 .

678 f

e

i6:5 ~j .

17ô i73:8 747 : 6

G
L 1

21 H
" y ~ W

4
97 :3 1 3

.
5a 81 :

9 6
.~ . 8

.
31

12{ .~ 1¢ 0.2 4 3 489 OV 2 . 4

104 .4 10 5 7 :0 ~9 : ~ : 7

é~ :ô 1~~ :1 ,,° .~ ~5° :~ s
:6

1
86 .8 97 .9 5 . 9 .2 40 .0

A N

X ~t N M i
t T T 1 A

M H M H H 4

1 g°° l'g :3 1 .1 .7 ;̀ 9 :~ ~g : s
1!3 10

:

p

0

`

7
:

Q

t 7 :2 ~ : $ g 7 4 . 7
1 4 10,1 7 .4 7 6 . 4 :7 79 .2

1 7 19 :0 j

'

;4 7a
.

6 : 9
. 1 222 76,13

~3 7 .3 T

7

:3 + 6 :2 t :9 ~6 .~1 6 10 .

1l Ô A

K
P ~ "~t R A 4

F M H M ~ ~

13R4 IUISCu7 , A~ 4 ; . I, 196 . 6 1

U H[
I NEE 5

6 11 ~ TM

C

ï
1
.4 4 13

.
6 IIS .â 106 .7 f04 .~ , l3 .8e7 41 .9e ¶24 .8 3 115 .4 1p14p ,1 1 . 1

3 :1 39 . 7 11

p

~
:5

10p8t .p 1 ip7 . p7 : 9 .0
4 .341 .4 118 .4 108 .6 105 .8 , 1p0~ p0E 4

7 :l 6 385 :3 t0i .3 'l6 :

?

S 11C3 24 : 7 :6
5 .3 ~6 . 4 108 .6 100 .0 96 .8 . 24, 5

A I A 1

'
H

~ ~

2
. 7, 0` A .

0 . 18
.1 7 . 4 11 .81 i . 11 . .

.{
4` 1 5~j 0 36 .4 11 .(4~ 18 .1 ;!9 . p4 . p9

.49
.' IS 2

1:~ 4 :2 ~ 2 : ~ 7 .4
!2 1

`

7l1 163 : ] :0 ~ ~ 41 O 49 .2 24 .0 21 .4 A0 .0 31 .i 1 1

ü , 7
.
e ` 1 .4 ,6 : , 9 .2 5 .4 ~ :0 1' :b 19 : ~ :~ 8 :4J ~~ :~ 13 : ~t,♦ 3, 22 t,! 7,0 17.9 1 .0 13 . 3 .

0
f O .♦ ~ ~ 3 .! ! . 2

2 :1 ~5 :$ 93 :90 6 :32 17: ; S :e 1 1° :6 13 . : 4441~ :~
1

1 12 .
.8

1 : :i 9 : : '~ :i 1~

2

:2

1

1

0

0 : 20

t~

:
4

~
1

1 :
4

3 : °

2 .2 36 . 6 35 .3 9 . 5 1e.1 ~ : 1 2 20 .0 1 .2 18 . 7 ~6 .f 19 . 13 .t 36 .7 ~5
.

8 .E 18.4 2 . A 12 .6 6 .4 90 .8 8 . 4 1 .6 1 .4 1 .8 1 1 .2 ! . 4 14 . 4

S ô 4 ~ y
N i A A

A ~ ~ C C1 l N W M M

S 5 l I H 1

1

H H 1H

f Â

M

~ 8 A H

F p M ~ I

N L I ~ S V T L l

3 .8 ! 44 . 3 .8 ♦ 7. 11 .40 6 .4 06.6 9

v

'8 48 . â•2 . 44 1 11 .40 j :3 8.6 9 S1 44. 4, 43 7. 11 .3 "1 .448

44 :6 96 :0 i6 : 4S )63 7: 11 :° 65~8 5
5 1 02 . 47 . 3 . 74 7 . 11 .35 7 ~01
5:6 9 .72 46 . 6 1 .3 743 7. 11 . 67 :] p7 33

36 : 3 3_.3 92 . 8
63

:1 2Ô : S 7i3 7 :

11

.9 7 : lt1 d

SAS

5I1 .N ._ .. ~~. . . _.
1359 1U6SOAY, ApRII 1, 198 4 6 2

M N

0 Mt ~ v 9 ~ ~

44

S

c

1 l ~ 7 l i C

180 11 .40 7 .00 3 11 .40 7 .00 3
1 1 11 .40 7 .2 4 3 11 .40 7 .47 3

3
183 11 :5 7 .S0Ô 3 11 :

3

]5 6 .92 3
1 e4 11 .35 776 11 . 4 .42
1!S 11 .35~ :36 3 II .) 3~ 73 o
1888E 11 .3 7 .32 11, 7,70 3

18t 11 :~5 4i :2~ ~ ii :~~ 2 :2t 2

N f! N N 4' N U H ~~
A 22 N N 2 P.

É P É 1
G1 G G Ô ~ Ô OM C

1 F R ? 1 Â ,It B 6 C ~

80

2 ±~7:96 66? 2S 7,66 J~OOÔ ? . 6i 1 :101 ~,bE 10 :03 ~ .75 0 .399C 7 399 66 ' .460 3 .80 0 .99 . 09 1 .9 2 .80 1 .11
76 ~0 403 66 3 .010 1 .20 1,47 1 .64 0 .83 0 .92 1 .3 74. 60 47 66 4 .200 1 .90 1 .50 2 .42 0 .9 . 1 .9Ç7 1 .~07 3 : 26 441 ~ .66 3 .~20 .

~jà 1 :19 . 6 0 :`979 .2

5

~ k 3 .6

9

~ 62i 3~ pI :68 3 : 16lÔ Î :7Ô C .9Ô ~,,71 0 .65 9 .6,6 S .9.

M
1
N
A

5 A 8 C
180 0 . 3 14416 0 .3104416 0 .00000

: 8

1 183 0 :Ô90089 C0 .0767 G :~9113 J1 6 4 0.143928 0
: i1296 0

.6 358 4
1!!5 1491290 0 .204892 0.03607

18~ ~
.0
3 367i6 0 i6982 0.

r

08

! 5

616i
188 5:027928 5:00076066 0 .04613E

0 .000000 1 .93331

Ô :

0j ~

006i616 1 :
43655

0 .03037 7

0 :Ô136Ô7 3 :)C51Ô
8 .046962 1 .67191
0 .087764 2 .~4731
0 .02 928 1,77107

B ~

57
.214 .21 3
.1550232

7.1507 ~ :416 6

7.t37 122

. 6~ i

i~ Î ~+4 2258

37 .4 4.9 4 6j 40.0 29 .6 b : b
40. 31 .

]8 :~ ~~ : 8 ~ 563'~ ÿ41
. 33 .1 I .

2
0

:y

29 .7
3

:8C

43 .2 ~7 .5 46 .1 40 ; ~0 .9 2 .1
40 .6 6.1 44 .0 7 9 .7 9 .94 0 ,0 4.7 42 ;3 ~7 . 9 .6 8 .8
31 .9 5.9 43 .0 7 .3 30 .2 9 .3

h

R `' R R
V A V V
2 F 1 3

1,93331 27 .32 2 .24773 1 .9333'

31

.56422
B

:1
p1
0p~ 7 : 2 ~

.d007~ 2 . ~

1 .16134 7,32 1 .66p 65 19 1 .40424 :

t,7t190 7 .~ 1 .i0219 1 .69E

2 .63 °y Ôk9 :I 2
:6p4~

8Q9Ft ~ :4~3~~
1 .15711 73 1 .7850 9 1 . , 0 1 9 r

0p ~ ~
w

E

S ! I I
:00

0:997i +f5 1 :Ô
33Ô06 1~pJ~6~1 103531

0.9974 05 1 .Q56

:
p03961 1 :Ô33 0

Ô.9976 5~ i . v04 639~~ 11 .02980 1,079 ~3
0.997 4 S 1 .0p~1 7293 . 5 1 .032'.'

ô:9976 5 1 :b1732 1 :n3812 1 :ô9566

M E

X r j

0 :2°g
:C723~ a : ; ; S

i :ib~ié i
:
~û~ 2+~3 ô

;~~ô
0 .20268 0,00000

10 :~71Ô6 0:~ài19 ~ :7341

S

0 .'
;OÔÔ:~ : 0 ~2 ~

a

:73~Ô

M N N Â

~ a
V
~ IY Y

C I X v

1 .03971 1 .04978 1 .03 5 96 1 .03853
1 .03797 1 .0) 91 5 1 .03229 1 .032361 .01131 1 . 01 969 1 .01491 1 .0144?1 .0470 .. 1 .05776 1 . 03 63f 1 .0443'
1 .0~4Q5 1 .04352 1 .035q9 1 .35E1 .03980 1 .03926 1 .02656 1 .0 7425
1 .032311 1 .03749 , 1 .02926

1.03718 1: 0

j

Oi6861 1,

p

03

8

$25 1 .b31~ 6

4817 1 .1 7y3 6 . y72 8452S 7 . 0S 0fa 7
4 .9179 9~S7i ~8

.~036 5
.3Ô90 1 .i ` 9

6 .l0b6 13:24i2 6 .42570 ~,6540 .~j 49 .576 e g 9
46 ~,36y3 1 .111 9 68 .<687 6 :21,2 pj eppp 9̀ .{4p064 29 .8886~ :it636 :i6é6 2l:l4+1 l :682iô ~:~â



LA~ 13't4 IUISDt A P Fi1
I
96i t?

S[I .M . .. . . ... ._ ..., ...__ . ..._ ..__ . . .. . . . . ., . . . .. . . .... . ..- . .--- .. ., .__ . ..__ ... .__.,_ _ .. .

N N 0S

110 1 .C19t96 0 . 146751 1 .1595
I t 0 .03710 1 .00703 1 .0+ 4 1
I 2 0 .21 e 2 5 .07e13 0 : y1401

I e
4 Î

:Ô2}D1! 091

p

57 G1 .060lk

1!f O
:fA251 ~00 Ô

.08 2 4
117 0 .60290 1,7 4856 ~

.2Ô2k1 86 1 .44062 0 .73799

1

6 ~ ~̀ ► ~ ~ Z
1G+ N ~ N N N

t 4 ., l l i ~

0.06731 6 .9710 8 .9 635
0.03710 8 .4851 9 .9 65 .
0 .0 7 413 4 .1738 9 .2 ~9 .
0 .50520 646 C . 6 .9
1 .07898 2 :A39 3 . 7 .~
0 .00000 0 .96 9 1 .1 40 .
0 .06235 9 .8 4 76 31 .1 2 .
0 .60790 6 .101 4 30.9 6 . 4
0 .70263 8 .3304 30.1 8, 1

N N
0 04,

6 M 1A w É 1 1 [ C 7`6
S [ H N 1 hi R N N M M S

189 CI ~ANj .I F ! 1 16 12 37 6gA .f . 1 174,C

11~I b Â(,~pROSEAU 3 72 2G 1~ 3l 623
:Ô

. 1 tAC
:Ô

194 14A0 6DONACD 3 1~7 ~ 3~ 768
.
0 1,0 16S 1 156 .0

195 C6000 .^ 1 1 2 E At . 1 IEC 17770 .0
196 N R Ati 1 1 y" I1 47 70.0 1 183,0
197 S IICti[N 14 7 4 59 66 .0 167 157 . 5

A
G F
t, L

N T H 1. C A D D
0 [ F 1 NE A K4 A A

S 2 L GH E F E N M

'18,0
2~

.
! 31

:Ô S

8
t
:6

~7
:6 tÔ

:e 3Ô :j

7
♦5 ; ;

87 . 7~~ .~
III 9 .3 49 . 1

SAS
... . . .._ .«.. . .. .. .. .._ SCA•Y ._ .., ..

N N [
0 1) 0
N N P.40 N

C A {

G1
11 1 1

b G G Ô b M

1

T
1

M f t

13 :59 1UESDAI, APRI4 1, 1984 6 t

S A
H C

~ é NC[ u ~ [$ û5 f
1 0 Y. ~ N 1 i 1

7 8 .7 7,2 4 +, 4 113 .' 110 .0 10 4 . ' 5g 51

6 7
:É 37 :E 1~1,5 1Ôi . 8 1 25 0e 1 :5

7 :8¢2 :6

e

5 E ; :Z
:t

11 j̀ 11b :D 3 ;QQ

9

'7

:

:

s

~ : 'g
g71 .F 7 .7 3f . 7 11~ :0 102 .4 99 .4 , 91 .1

t :0e73
.
i 7 :9

i

3E :3 113 .

g

5 105 .0 tÔi
.6 $11 .0

71 .2 6 .2 3 1 .1 115 .6 10 4 .4 IOJ .d : 7~ . 2

1 79 .0 IRE4IO6 Iii 45 .0
66 .0 TRENION 172 170, S

1 18114104 173 161,0
51 :0 1814104 174 157,9
81 .5 1814106 175 173 . ~
77 .0 18E6106 176 178 .
74,0 18114104. 177 I 7

1 18E4104 178 178 .1
71 .5 1814106 179 147 .4

T S

Â R H ~ F ~1

~ ~
190 9 4 .7 ♦ .1 8 . 6 .3 1 .6 • .9 2 .7 7 .4 17 .
19 91 :b 9f5b .t 7~j .2 3

3 7

6,3 37 .5 ~1 .7 30 .4 31 .5 ~8 .0 16 .t

113 11
611 . 5

:C 159S :3 7 :5 A7 A à6 :5 23 :~ âi, ~ 3

2

< :1 9
.
Ô 11 . 6

11~ 76,4
'1

.

.1 1 . 4

J 5: 2

~~

.~ ~~ : â ~2 .5 3 i: Ô
J3

:?33.4 29 . 1

1

6
:
2

P M F R N~~~u ~ M
NT N N

H H N H N

159 9 .8 7 .6 7 .4 .2 .1

115 ; :l+ 7
7 . 1

:Q 3
:3 6 6 2

1'
93 '~ :~ `6 :• ~ :3 E§ : ~
194 Ip 7

:Z
~i 7̀ .2̀

:0

~

{!!
:4

19~ tl .~ 3 :3 677 .6
6
:774 ! : 1

C 6

H
A

L S S [

77. 57 .6 8 .0 39 .0
76+ 60

l

.2 8 .1 40 :1

79 . 9 . e .7 42 . 6

ii :$ ~25 :i i:l ü :é

t g7
.
t '7 :6 ?1

:67 :6 11,2 16 . 0

?~p :6 ?1 :~ ~7 . ~
7,4 .6 10 . ¢
6 .2 2.6 16 .7
4 .6 6.! 10 . 0

H ~ p

~ ~ C H HM

N M H
♦4.4 36 .7 31 .1 9 .6 3 4 . 2:~ :~ ~~ :~ ~ :rt ~~ : i~ : ~

11 3e :i 1,S ~' y2 :$
~ . ♦ 41

:
.1 41 .9 0 .7 7 . 1 .J

6 . 45.5 41 .4 1 .5 e:4 5 . Q
1 39 .2 9 .6 8 .8 4 .s

26 :~ 4 . 4 41 .1 30.5 6,1 3 .4

A
C A i A

~S 0
S ÉS 1

1 F i F

5 .1
16 :0 30 .6 11 .0 16 .6 13 .2 ~ .E

2 8
~1 .7 ¶¶32 . 7

7,46 11 .0 6 . 0 11 .67 6 .6 5 .6 84 .8 1390 .

9 1
1 16:2`

i

~6 .2 1~ :0 26 .7 15 :2 2i :b 1i,0 1
.
65

E :0 6 :Ô

S

7 :s 6:2 S :, :~ 93 :2 1i3 :3
4.4 6 .4 4 .6 4 . 4 4 . 1. 3 .4 89,6 134 . 5

A5 .6 15' .0 9se1 43
.07 9

1 46.676b
330 .65 20 _~0+7~2 `37 .(t274

132 :t 11 .~ ~7ij SÔ
:~6i

1
5

0 I59,&1 p7p 6 F10746 SSS{, 3 . ~ 7 6

112
:Ô •S .Î -10 973 53 :~11 9

94 .3 ;~~ ~ .~ ~.~ 7 .~ 111 .31 .4 ~
:1

.
: ~s~ :e ~i3 i : 11 :~°

t 44 1 3 43 7 . 11 .4

91 : : ;~ : ; ~ :3 ~ :~ ~ : ;i :~



t

I

i
I
I
I
I

M 11 V N V N

N

14

9 F É p 114
t C

4 8
1 P P

190 11 .4 +714 t1,4 0 3 . 1 32
19 11 .40 5 :6 I

11 .35

0~ .51 5 5 .5 2 .1!5 5 06
192 11 .40 7 .8 3 11 :i0 7 .82 3 3 .07 .70 458
193 11 . 40 7 .30 2 , , 3,72 09 303
196 11 .40

5
7 .26 11 .40 7 .00 J 3.73 :96 N S
7.40 3.43 494 214 5

9
7 11

: ~5 7 :8ô 5 11 :25 é:ôô 3: 73 : 9 7 21

M
N1

p

S A I C ~

I1 1 1 tlt1 1 61 . 3>61
¶40 9. 44

9 ~3 078 0 :38%9sé ~818 0 .091¢t
é

1 0 2 0 O :S31 660 )110 __~__Q
t
19a .171011 0:0147e0 0:185791 ' ¶4 80
195 .000000 . . 000000
194 0 .013331 g . 013031 0 .000000 .000000
197 d:0535•1 ~ 166207 0 .116666 0 .053541

135a 1UISDt,, w 1'4 1L 1, 198 * ! '

sE ► .w _~___.___---_----___ .,.._ ...._ . . .__...____.______ . ._.__ . .___.~.~ _
L L

G4 0 0 G 0 N 0

~ 1 : A é ~ c

8
688 i4

,
.
510 2 :3~ t 20 2 . .i 2 .0 9 Ÿ .S] i, b

t
.
I! 1 .6 5 1,99 1 .1 1 .19

. 68 4~0 0 1 .'32 .16 1 . +~ 3 1 .30 1 .1~ 1 .89
6 3 .230 1 .1 p ~ 12 1 .9 1 .7♦ 1 .50 1 .00

} .65 3 13Ô i . 4039 0 .1t i Ô 1: Ô 1 4 01 :
9
6

~ :68 ;:1~ ~ :~ ~ :~7 ~ :6" 11
: ~

:~6 1 :~ ?
M

M ~

Ÿ S

1 :772i .9914

~3 1
23 ,97

4 II.497 4

1: gô 6Ô 0 .3914 .
1 .58560 0.99745~
1 .3336 4 4• 0 .9974 5

~ p F R R

: i ~
18Ô 1 :05576 17 :~ÔS3 ?~.i1013

20 .75713
71 .69 1

i92 1 :0138~é 26 .tOJ5 i :9i3t3 3 9961 :8 SO
193 1 .g208t 9 .532~ ~8 .0617 ~9 .1525 ~222 036
1 94 1 .0185e 7 6 .935 0.069 4 U.150S 32,8147
195 1 .05643 13 .262 ¶4 .0865 15 .4 76 1* ,711*

t97 1
. p

Q~

5

729 14 .765G 1 8.~~36

9

17 :

j

870E tÉ :3864

T

8:S3~SÔ 1 : p159É Ô .8
7 0 .6 3

14 Ô 7 .4lt e3
0 .01091 2 7E2 0 : 2 5 ~~Ô7051 25 .246 0

9 5 07 ¶0 022 0 : 5065 lî :41 6¶95781
.9 :9627 .4329 1 .~t980 8 .6026

5Ô : 3e 33E~ ~ .193q~~2Ô 0~~~37G ~7 :6â 4
1 0 :5 1i876 ~:0 475 8,3 8600 .51263 0.004 F p

p p p p

f F F f~
I % S 2

17, 5 75 3 21 .848}7 22 .3j39 2 .2397
17 .3531 ¶9 .3367 b 70 .3041
20.6197 ~73

:~b6i5 27
.1034 ~

:3a8t 2
9. 47 9 .62666 30 .63 3 3 .4d i

27 .1876 31,8097 .1633 3t .67 F
13 .464 ' 1 .6528 I . 05I9 1, 389 ,
11,6574 1 .118* 18 .2059 19 .l'.'4 .
4 .9446 1,9679 4,4709 10 .010 E

S.tS 13:59 TUESDA1, 4oaIL 1, 1984 61
SF ' . r

M E
)

F F

6 1 1
S N A 0 1 1

164 0 .476w4 1 .09'7 0 .E123 0.*76" 22 .0817
190 0 .11633 0 .9723 0 .65l0 0 .11633 19 .39ti 9

~ :lq5~tt Ô .39 ! E Ô
.93~5 0,09441 27 .1508

11 9923 1 .006~5 81555 2 .849 1 .006l~ 0.1299
194 0 .353,3 3 :66+t 2,3l9 0 .3535 1,9865
195 1,39911 t .734E 1,33l3374 17,7207
194 0 .91~*6 0 .0600 0,472ti l' .05997 19 .1464
197 0 .4970* 0 .0629 0.5399 0 .04291 9 .980+

H I.

Î

N

v 5/, v v
2 D 1 3

1 . 72263 7 . 3 1 .56354 1,451$
1 . 75833 7 . 3 1 .683)9 1 .7141
1 . W03 7 . 2 1 .76828 1 .5174
1 .29471 1 . 2 1 . 5 0496 1 .31432

,1 .77011 7 . 2 I 7201 1
1,74752 7 . 2

*7 .
3 i : 1~ 11 57 1: s 3e 560

1 . 33767 27, 4 3 1 .121 1 . 2 2)0 1

8

~ tv Y v v
1 r Y

I . 892 1 .03202 1 .05376 1 .04923 1 .05842 1 .0410 1 .04690

1, 11 1'
03 681 1 .05848 1 .05 631 1 .05897 1 .9341 1, 3538

4 0340 1

1 . 29 5 1 :CÔ3~2b 1 :33li1 :g7~05 1 : 51 8 1 : ~~5 1
. 1
.9355 7

1 .03346 1 .02866 1 .02777 1 . 2~t3♦ 1,03537 1 .02464 1 .Q233
1 .06910 1 .08104 1 .06364 1 .06v~5♦ 1,06559 1 .04315 l .0597
1 .07356 1 .038r6 1 .0605 1 1 .03809 1 .07313 1 .05465 1 .05686
1 .09076 1 .081 44 1 .06276 1,08143 1 .09032 1 .07740 1 .00077786 7

~

T 1 F T
U Ml MI 0 0

N' P
` lG

46 F
MD r [ D 6

L L 1 2 1 N F

4,9 2 .5 8
5

2 .68 20 .0 20 .6 49,2 37 .5 6 .1 4 1E . 4 1 61E .4

2Ô:3 ~~ :7 )6:? 16.9Z7
:6 4~ ;3 36 :0 4 :2 3> .6 86: 6

8 .R 0 .4 79 .000 17 .1 2 1 .5 4 4 37 .5 1 .0 1 C 0 268 .0
1 .§ 6 .5 83 .3 17 .9 2 9 .9 49,4 7 .6 t .3 5 7 . ¶3 7

8

.4

. SO 4 7 .6 4 + 7, .
) 4 .9 6g 6

:

344 .3 ¶1 . 7
t . 61 .44 J5 t 19 3 5

19 .3 3

5

3 .4 3 .0 3 ~ .

?

7 . 3~,~ 12n ' .g
32 .9 56 .7 77 .E 17 .6 i6 .1 46 .~ 3 4 .7 4 .3 23 .E 51 :6

F A E

72,4 -98E3 51 .0082
59 . 4 "8837 48 .1 4 25
53i .2 -2~3E ~jj 0 .063 0

t

6

E5 .4 -1 q̀~64 4 3 6 .6

5

7?
101 .2 -903~ 4E .464 a
4 4 .6 -490e 5 .3562

2 .2 -4 * ' 5 4 .027~
32 .6 -269 4 .666 5

I



I
t
0
C
I

I

1
I
e
I

s . t
st ► .«

P ô e H

80 B M f F
11 *1 I
H Id V14 8

M
198 W8A1H 1 1 2'2 39 70 5

,3 5' tl,tst'*', A " 61t I . 19r, . •

N 41
M M 0 i, 6

Il ~ ~~~F
N

`s H M

M N Pi ~~ S S~ D T
. 1 114 , 1 TRtNtON te0 177 .5
. 1 1 0 1 1ANAN 8 19 170 . 6
1 1 . 1 8 TANANA 20 140 .1

171 .0 165 . 1 P IANANA 21 176 .
, 1 137 61 .5 P 'AWANA 22 16? .
. I 168 . 1 P TANAMA 23 173 .~
, 1 140 • 1 P TAMANA 14 172 .r
, 1 1s0 . 1 P tANANA 25 169 .6
, 1 155 , 1 P TANANA 26 170 . 8

'ÔÔ lIUi7Sp6 ' ' 27 s' 62 . :0 '
01 HACHtv ~ 1 6 7 61 7 Q 0
7 CA RTfP I 24 4 65 p5

8i
`

!HI OwM ♦ 1 16 6~8
7 49 .

68 . 0
OS KILPAIRICK I î 8 11 9 66 .0
06 IOLDLK 2 2 30 9 5 66, 0

A

B G
ut

T
g É I H NE 3L

5 2 l W E F

198 l5 .7 101 .1 59 .6 39 .1 60 .0
1~

1

9 8 .1 10067,i 63 .1 4 0 . +9p . 9

3 : 9~ ~~ 7 7~~ :~ 1 :~~~ :6~ 8 : $
3 . 4 90. 3,6 6, 4 7 .

05 79 .1 90, e h .0 36 .6 3 .6
206 ea .3 95 . 2 5 .8 7 .6 ♦ . 6

P M P Â

H

8 ~ ~ 1 1
S PIN W W

199 9 .9 ~j . ; ;6 6, 0

Eû°+ ~ :~ 6 .5 ~ ~ :é

2Ô3 9 :7? 7 :!S 7 .2 6 .Î
20' 9 .? 7,,2 6 .8 6 .3
205 8 .9 6 .1 6 .9 S .6
206 9 .7 7 .1 6 .8 6 .1

5 A

~ f M
~ U ~ C►1

SPI

~ D # t M 1 1 N

5 :` e 40.3 1,9 S 106 . 4 103 .2 , 92 .0
3 :2 60 .1 120 ! 105 . j rQ 2 .1 . 90 . 2

1 .9 5 .6 31 .4 11e :6 1 p6y .ü 103 .2 9 . .3

71 .1

p }8

A .! 3A .0 114

p p

.5 100 .7776 1~ :6 . 71 .1
6. 6 .0 3 11 6! t01t .6! 101 .9! : 11?3

~6: 7 :i ~ .1 1 .0 19 :1 96 :1 . 77 :

3

~9.8 6 . 3 36 .7 111 . 4 !! . 5 95 .7 . 19, 0

l1 A T
S Â

~ L ~ A T K

930 . 3 y17
.9

7 :Ô 2Ô :6 16
.2 29

.~
17 ., It9,1 1s

:8
10

:8 'Ô :0
'8 .2

l9
:s 1

2
14g : 1

1 2 . 1 . 1 ♦ 1 7 ,t 2

i

i I
!. t7 .6 ~

.

.A 2 186
.
.6 6 211

.

.3 13 :t ~ :r f3:G 9 :A0 i f -i : ♦ 6 2 '3 ta5 : ]

7 .7 17 .~ 3812 .212) 20 :8 to :Ô 1 : 5 1b 1 :Ô 1i) :$ i34 : i

H H I

1 A A Â K ? 1 1
W L S S L L M N

.7e 3 0e.2 6 6 9 4 t
: S

.Se

77

1 1 •. ~e

. 22E1 .0 c . 8 e . ç• , 0

9 : 3 75:i 9.9 ~6:3 ~:0 14 :4
e S 76.0 7

:
6 7 .3 * +1 . 8 1 4 .•

{ :6i 7 4.7 5 .3 7 .5 3 .` 25 . 6

f t
lA ~ U

Â A P/, ~
l R F R
[ M M N

H H H i
14

H 2 2t H~ 0
F M H

p
4 8

A 0 M A 0 1 ~. h0g 1
S 7 L L 7 l l C 1 P P T ¶

19E 11 .23 7 .00 3 11 .25 7 . 0S f 3 4 .19 3 . e ♦ E : 5 68 3 .7 6

TtÔ0 11 :8ÿ 7e,i9 3 11 :0pÔ 7a SÔ :Oi 3 .
C
6Îs 8 3 . Q5 3

g

J :7 b5
770u1 11 .80 7, t 3 11 .00 i :61 6 . 4 0 A .$7 '59 8 . 4 3J 6 .1Q

2Y03 11, a0C ~ ; o
3 11 .00 8 .37 3 A 83 â

: 6 69 É . 4
.83 8

.6

Ô 00 7
2Ôi 11:OC 6 :~1 3 11 :~ 9 :9 .3 3~ :9') 4 :9C 536 8 2.É3 5 .85

9 . 7 .8 ' 7 .0 46 .4 2 . 743 7, 11 .25 2
7, 6 .6 ~1,1 45 :3 ~C . 767 8 . 11 .00 7 : 9
8. 7 .1 9 4 . 1 1 . 7 47 8 . ¶1 .00 8 .38
0. 9 .0 45 .1 t8 . 767 ¶1 .00 8

9 :ô ~ :~ 9~' : 4~ :6e z7 :~ 74i é : 11 : ~ :0ô
}6 1 31 .5 91 .4 4%1 16 .0 141 6. 11 .00 7 ;68
78 :5 33 .9 é9 .9

4i
.7 3G .6 7477 6 :Ô 11

. 0

SAS 13:59 TUESDA~, ApRlf 1, 1986 6 1

510-

K H Û H ' H? l~
2 2 6 4
M~, V ' N

C.
M Ÿ

Â ~ e è C ~

} 600 .11 1 .48

9 :60Ô :60 3 .3G
t .780 4 .36 340

4 : 71 G ~ :371 ~ :ÔS

] .50~ 3.5~ ♦ .75

6%

b H
P r

0 D H [

$ A I C I

v i
199 Q aD90 08 .1 51p 8~6t O8 :O 08Ob01 G:07 0 1061 :3825339 8

:
;964?~

~Ôi S :tp,i02é136 0 .21967É O :t0Ô399 Ô : Q6136 1 .630i75 0 9ôb4

j

1~
02 0 .0785E1 0 .14936% 0 .07083' 0 .010401 0 .961 4 0 8 .996♦ 4

203 0.007099 ; • $:0~00Ô0Q 1 .~19 751 00 .9966~~i704 0 .000000
25 0.13311i 0,11fA21

g, Ô1456~ Ô:Ô16S66 1 .80044 Ô.99643 ♦

E PE

i iF A

'99 1 :
Pp +2l7i ~` :`~7é ? 5 : ::8~

~ 1
.0i 16 1

.2619 0
% iQ :826 3

.3 1~3 27S♦ 16 .0916

107 9 t

;

.7i~s 12

.491 4

7120
5 204 t .03~19 i~.s121 9 . 28 13

C 1 T C
~~ h 8 A H

API H 1
A t

RE
?

M N 9
N W W GL «LG„ S P T l

l

X

28
3~ :15~9

326 .790
6 0:Bd~9 Ô :

.0098

6 4300
11 .160 f0. 923 3394
1.93 11 7r3 :09819

11 .4589 10 : {f.36 1,03747
10,0~' 7'6

a :06fÉ
9 5. S6 ?0 37 .6369

0 .449 3

. 1974

É

Y A

1,03702 1 .03657

1 .Ô~2360 ' :Ô8Ô9
1 .07584 t,01624
l .'0',3759 1 , 06703
I .0 1 .0710

1 :0,28 p9E 1
:0
o788 e3

1,07602 1 .0771 9

ti
0 .1117
4 .433'
0 .0030
0 .4460
2 .3314

Ô:565

It :3513~

z

É P ~ P

~ f Î I
1 .0822* 1 .(+ 231 1 .019 2 + 1 .05946 1 .07412
1 .02615 1 .0 09 1 .02336 1 .02516 1 .0231 9

1 ..0
7073623 1

1, 87 65 ' .s~~ :6 1 . p

7396 1 .O7
8

é
9

6 C 1

1 .0~166 1 .0 3630 1 .03656 1 .03299 1 .02830

1 . 0 , 43E 1 .0~ 06 1 .07 30 1 .07101 1 .~6 97A
1 .07966 1 . g7 6~ 1 .0 1~ 1 .p6~ 190 1 .0py7at1

1 .08 4 01 1 .07561 1,07157 1 .07378 1 .0710
1 .08871 1,03 432 1 .0754% 1,07401 1 .08 406

P p pM f
F

4 I x Y I
1 .1981 0 .11174 24 .7348 6 .61pt 28 .7042 30 .1 e6 3 8, 393

17 .0241 4 .633u3 17 .7651 ~1, 10 1 :p691 9 .6 85 ~1 .w1
G~f♦ pp)pp 0 . 300 30 .313 4 2, 09 1 . eee41 32,4442 1 iii06

Q .77i : 2148 1112
.023620100 .

.1)
424 % ps 1 6 .~601 11 :1~ I 92

~

S9 ~~ ; %,.I 11 .1601 1 16 .♦ 31 1 ♦7 1 ~ : ~
3281 ' ; : 9 ~z~ :~;~iii9 ~ :~d :~; 1~ : : 4 ~ 9 1 9 : 54~ ; ; :

H

v q R P
V A V V
2 P 1 3

1,87 ! .37 2 .33 1 .86186 7 .03 1 095 1 .80 4 11
67S7 3 .31 Q2 85 O :Bk~65 9 .B 0 .92FA3 0,86 2 8 *

~ . .19 1 .37610 9 . t .b64 ~ * 1 .46571

3 . i 7 2 2.90 i4 :11 p 0 :~339 70 9,~7 1 ;0 ;5¢67 0'92650

0.99 ,O6 0.9h 1 .3+971 8,6E 1 .3A9
7v

1
2 .83 .50 2 .61 I,2'012 6,66 1 .41333 ¶3019 %
1 .86 1 .60 1 .65 1 .80795 6 .66 , 1 .9933t



SAS 1 3 >4 9 1UfSt~A1, A~î h 1, 196e 4~

T

N
P

~ N
A M i 1 j b 1 (1

199 p~ .Ye3~

~ Q.~Ôi
5 1

03
é5551

.08573
04 Q.4414
OS 2 .07 NÉ
O6 9 .94617

0.1351 1 .e 4 F•
4,4749 11 .1504
0.0~02 0 .0400
p~7 t p7, 0.3740

1 .65'1 0 .56566

~.~90Ô 3 .2651
1e .0985 22 .0447

r t, u t s

0.1~510
4 .4 49 4

°tIé00Ô1

5 665~i
0 .1 5075
t, 19094
3 .94617

s ~ ~ ~ ° r ; 'r ~ ° ~
28 . 3 718 9 .3 64 .6 3 .6 19 .6 3 1 .7 5 0 . 4 7 .0 6 77 .4 174,6 96 .e -7335 44 .0774t1, 066 0 .6 ye . e 1 .4 t .4 2 .9 48 . 0 1 6 76 .0 ¶39 .2 12

1O ..8
1101 20 .915131 .~947 0 . p 2 7~7 .4 1~ .0 6 .7 79 .6

35
1 .3 ' 1 7 .0 2 I . t~e .e 77 11,576!12 9,11 ~4 .1 t .8 0.~ 1~.0 0 . ; 49 .9 .4 5 :6• 3 1 .0 ~7,

6
46 .4 ~52 7 .41921• ' + 1 .0 2 .0 p 16 . 7 7 . 46,8 6 .7 4,4 36 . 74 ., 0 .4 ¶70' O .k ' 9,7

t ~:é 42 23
.
~ 3 .3 2 :3 18 .~ 31 .8 51 .4 38,9 5 .~

2320
.2 5 5 2 .0 %~~Ô '-104? ~S :8ggyÔ±

t 4. 819 .~3
59

3 ~ .7 9 .7 79:9 19 :~

2

~ .! S4:81 35 :

2

5 .8 ~8 :6 1091 : ~ 73 .6 ^• 1554 ~B . i

p

89 C

545 13 :59 1ufS0A1, APRIL 1, 1984 . 7 0

6 I. `
k M 0 0 t h

0 F C 044 w , M C H M 0HIH 14

H pA ~ R D M ET 1 ~~ t Tl 1 P ~ 1 ~ ~ E c (
E M ~ A 1 A 1 I C C 4 G G ~ I M M A h
SSS E 1441') 148). 4114 44555 S N D T 7 D K
07 10XA5 2 12 63 73 . 0 184,0 71 5 1 PETANAMt 77 162 .5 101 .4 5 .0
OE CMAL FOUt 1 2♦ 50 6 ,, 1 5k , 1 P TANAMA 28 171 .6 6E . 7 .1
09 MACLeAA 1 17 49 7~,5 , 1 176 . 1 P IAMAMA 29 l7 .5 76,7 6 .7
10 COR 0_l 1 7 9 1 1 4e 66 . , 1 t j § , P TANANR 32 t67 :! 6E .7 5 .411 GA'ROA 2 i0 ] 49 66.Ô 1 1!5 . I P TAMANR 1 171 .1 80 .9 .6
12 DD0 ~tIE 1 3 8 47 71 . (+ t ;o .4 17774 80 .0 P TANAMR 92 177,3 7k .t 5,2
13 MYDE 1 31 1 47 71 .0 1 p g 1 C e5 . 4 P IANtMe 33 179 . 2 .3 6 . 9

71~ ACr,SOF 1 1 18 tç 4! 70 .0 t 7,e 1~! 7G, ♦ P TAhAMe ~3• 179 .~ 70.' 6,3215 ~A:VIA 5 3 3 5 45 69 .0 t 1 6 80 .0 P 1ANAhl 3t t7 . 7A.5 6 .r

C A
h Li

~ M 8 q

Â I
p

42 .4 129 .~ 112 .0 101 9, 9a,8
k .~ 1)2 .3 94 .4 9• t, 76 .3
8 . 113 . 102 .4 9 , 51,0
9 .} 109,3 ¶03 .0 93 .7 79 .000

40 .0 121 .6 t .7 t0
: 0

.0
37 112 .1

y

11i C t075 .~ 10~ .~ . 3 ~
yik9 :30 117

:! b7~ bf 7 }79 .e 115 .5 t : t c .3 : 8~ : 7

A '1
~ i i F P p 1 M A I IA

~7U ~M T M K C A C C E F) A CA A (`

S 2 l N i ~ [ N M 44$ F F F F f i i f

307
06 10

7

a7 3 :.0 ¶12 .
. l
1 03 .

.4 43, .4 3~,2 2l .7 7 E .Ô 17,' i 18
4 . 6
.6 10 : ]

.~ 1 0 76 .2 1Î .k 16 . 6

09 ~: ~ ~ ~: ~ ~.~ :
10 79,~ 3.~ p ~i .9 36 :4 3C .1 ~:9 4 : 3 3 9 .9 t6,~ y3 :7 t~ :6

10 .4
12 :7 16 :2 19 :8p S :: 6 :21 ?1 93 .7 99 .9 7,9 4 . 6~y 39 .1 3,9 4 31 8 17 .8 .4 16 .4 17,2 6 .6 16,~ 285 .0 14 . 1j 17 .8

13 86 : 131
.4

S1 .9 4~p1 , i5 6, pd3 4 .7 Q 3 t : 65,7 183 0 .6 t
9
Q~j :i 16

:4
Qy ~ 1~ .1 b7S 9 1 b6 1~

.615 lb99
4 .4 ;
.5 ! :9 ~9 :! ~~ :6 21 :7 ) :~ 9~ :I 17 .9 ~:8 10 .! ~9.2 6 :1 ~B :Ô 1~ :, 11 : Ô

P ~ N ~N M M l p ~ 6

M~ t c~ Apj : SF O

M LN ~
lC

k

MM {f, p (Fq

M M M M M L S S L L M M M N M L L P 5

II 1 :i :i 6 :1 :~ i1 :~ b! .•»1 :~ ~ : ♦ aaa666 , $ :~ ~'111 y e . 444aaa .6 ?,4 4 7

61 .1 6 .1 4 .4 40 .7 9.9 ;4 ,4 96 .6 44 .1 0.4 ~41

7 1 .0
: 0
r ♦ S 7i,S 1 .♦ 0, p 41 .7 6 . 2 i .6 4 s

~1
y.1 1 6 40.0 1 p 1 .0 4 6 S 21 . 747

!!11 ~ 1 6 0 4 .0 ` $ . .9 3d7 7 .e 7
:4 34

y .6 94 .4 45 :4 19 .~ 747
j~ 6

3) 3
6 :3 4 4♦0:7 0.? 9 . p .6 s 4 44,a 0 . 747

; ; 1 :e ,, :~ i~ :
e
` 4 : 4 . 3 4~'4 3 .0 9.4 6 .1 33 .♦ :i :7 41 .7 0.7 74711 •• 76 9. 4 b.9 1 S . .t 767

2 :~
♦
~1. '~ 4 . , ♦ 97 .0 45 .9 t .3 76 7

:~ 9 ~ :ô 8: e P.O 4 3 9 :S ~6

♦

.~

♦ 3

W6,

:

t t .t .7
' :~ ~ :9 :1

T

C ~ U
A P

P.

~ i ~
,9 .2 t$ .3 9E .0 148 .
11 .2 ¶0 .4 90 .9 139 .0
t0 .+. ,0 95 .3 145,4
11, 6 .2 9 .8 136 .1
24 . 15 .4 1 .1 140,0
te . 11,6 95 .1 144 .)
16 . 19,0 94, 14 8 , 6
7 . 3 .6 97 . 146,3

18. 13 .4 85 .~ 1 41,4



Sx5 13 5'. IUfS(~'.', Ar'F ;, I, HlI'. . .

; 2 7 ~ 0 Ô G Ô G Ô
k

~

0 M V M1 M v ► E P I N 0 0 0 ~ 0l ~ . 0 ~ 3 Ÿ Ÿ

B S l 0 1 l 0 C V N P
H

1 1 t1

6

A ~ e e C C 2 P r 3

207
11 :Ô ) .S~ 4

; :`Î ; ` 70 6'33 26 7 : 50 1_ •0 1 .13 t 1 .11 1 .33767 28 .68 r ;♦1 pt0 1,494$7
0

8 IÔ 71 : Ô 11 :Ô t .iÔ i .1 3 :iÔ ~34~3 38 é :~3 3 `0 ~ .~0~0 `
:
00 3 73 ~ :7F . 17 ~~ 1

:

S

60287 3 :0~ 1 :1~06~
1 .4044 6

16 3 11 .1 7,01 5 .~9 ♦.13 01 8 ~:1

11

~ :56 l.441 8 .68 1 .72 '. 53 1,7 .402li 7 .7
6

1 7,00 11 .0 7.19 4 .81 3,71 ~ :1 8 .S3 '.40 3 .
`00
34 0 1122 ~,

:
♦ 4 1 .4 3

2 .~? ~ .
.9 0 33 1 .14 1,,4107 ~9 . 02 1 .80589 16045e

1I'.
~ 6 6

..6
6 8? 3 3

11 11 .
. p
0 66 ,

. p
1e0 6

♦
. 7
. 8

.
.7

724 3
462! r 8 8 ,~3 3 j4Q? i .600 1 .16 1 .1 2 .6 .1S 8 . 14 L87242 1,81 i .tp2 6 1 .67t1 2

3 ~
: 25 3.35Ô Ô .7k ] :{1:18 3.)C ~ .Oa t :b~ib! ~6 .~ â26 .48 1 .73154 i :biii9iS 7 .20 - 11 .1 7 .67 1 5 .00 ~ .67 661 B

, $

M

M

p Q

R 0 ~ "
g p M ~

S
V { g ;

€ A e . ~ ,R ~ 1 t + S 4 ~ 1

70 7
08 0

.073231 0 .08316 4

Ô
: W2l8b Ô:04 64 k W 1 .38327

9 .494474 1 .04271 1 .94017 1 .03812 .

1 .p67 ! 1 .0677~04
1
:06702 1 :~70l~ 1 :~75eti~ 1 .~p~70g

ét

1,0+.981
04 :217 41 717111 0 .000000 G 1

10
444.4044

2
10 ,1,t ~74 76S ♦2 $ 1 Q768 1 be 1 . 37♦ ~961 1 I .Qlrb 1 . 06037 1 . p60 34 1 .03994 1 .~

`
570 Ie 1 . S!7

1
3

~'c~éi9 ~:Iiiô b:i 7~51i ~
:wl6lc i .~1l2 ~

.

:!!6♦~♦ i .w4i .04606 i .069?! i,0~386 1 .04440 i .04 67 i . S3
r 0 .040445

14496 I1
.77348 0

.444
4944424 1 .04038 I,WB?t 1,C4711 1 .0111 1 .04453 1 .044s 555 1 .0433 0

1 0 .030134 . D! 635 0 .0 7501 p .007 01 1 .87617 0 .994474 .0306 1 .0 ,f94 1 .03474 1 .0353~ 1 .011)11 1 .0303 4 1 .0329E
t ♦ 0 .039567 8 . 1472 9 f 0.1076l1 0 .039~b7 2 .0119 2 0 .9Sb 424 1,07901 .p63t6 1 .076 4E 1 . 08042 1,07839 1 .07 781 1 .0740C
215 0.082647 0,090253 0,173100 0 .082847 1 .64012 0 . 49612a 1 .05664 1,03979 1 .0904'. 1 .04938 1 .05615 1 .03637 1 .0470 :

D É É É N C [ DfN ~ F
k R R 1 r n R}

S Z 1 : é c x V 2 i i i `~ V i

30117 0~
:7♦~e ♦~ 2~ ;pp97 24 .7099 26.3971 4e .073 707 2~,31p6 07e

4 1
29 .1504
0

.

.6
1iSO44 l

i
:6,.46e9 ~: 17 e♦ 5 .

.1 Q~j 2006{~ #gtt6 11 .8706j $ 5
3
+1 t . 2 1 10 .7909 10 .5798 12,5814 1 9 7S43 13 .711608 1 .796 1

1 71 1 .0516 4
0

~0 1 :05557 14 .4e16i 16 .8ÔQB 16.79~ 1bS9369 O:OO~i Ô .136~5 Q
.76~1] p : 76~91 1b :1l61 13

.
37?Ô J :b196 1~~~9~â

¶8 .7647
73 61694 22 .6787 1 .27 ? ~ 17 .4454 1,38)91 18184

3

21 749121 1 .04539
0 .1,0424 0 .4042'.

14 1 .J7569 ~9 .3Ô3~ 2T,i7iô 31

.740 )

9 .ô~7 38,7A . o . 6ej9eS ~ :O~C`5 6 R,
57 15É 00 :57ÎSb ~3 .~350 ~8 :5Ô31 ~b :~0~3 ~ :3773 2 2 :182115 1 .04581 18,3020 25,3107 20 .742 21 .296i6 4 .553644 ♦ .01486 '

SAS 1359 TUESDAt, APR1L 1, 198 t

,.., . Sé ► .M , . .,.-. ... . . ._,.«,_.--._.. . . .__ . . .
T

H E H ~ (. T 7 i T

) 6 ) 0 1 T
` D G 1

1
D L T e A

1 GH K
N P'.

LE D M ~
M` GH

M A 0 1 1 i L G L L 1 2 T M Si

5

i IP
C.

1 .71660 , , 1 .71660 27 . 7 15 8 33 .7 64 .3 8+ . 9 20.1 31 .4 SI .C t .C 6 .8 70.4 175 . 110 .8 8^' 21 737 :
3C 1 ( .39''.? 1,13821 0.7402'' 0 . 9197 1c .180• 3 2 .6 5 0 .3 ' .7 19 . 5 31,1 ♦4 .0 L

7 5
.4 31 .8 84, 9 C . 8 350a 33 .5+° '

=30 t . 7ti 1 .2643 .. 1 .54179 0 . 7♦ l .4l49 30.4 64 .9 80 .5 ¶8 .9 9 . 50 .6 35 .7 4 .4 42,6 106 . 65 .0 -3> V 34 . I 1
t G .~35 2~ 0 .15115 0 .1 a640 0 . 352 1# 5960 9,4 60 .4 ~7 .7 1l:8 30 .3 48 .0 34 .0 ♦ . 32.6 76,4 4 .2 -4035 34 .4'.'. ;
1 1 t .2209. 4,9952• 7732 4 1 . 200~ ~ . y •• 1 ,1 60,0 8 0 .0 16.5 9,9 1 .6 37 .0 3 .~ 6°,6 18 4 ,4 112 . 4 -3939 34 .72I3
1 7 0 .52699 0 .35141 Q .876'.7 , 514 e 3 .1 3 11 1 . 43 .9 8 ~ .2 20,1 2 .9 1 .9 3r,3 4,7 4 .Q 127,7 81 .4 4 5 3 .. 36 .33•
15 1,13t3 '. 0 .5822 .. ~ .S~w 15 8 ; 3ti5

23,40'' .

8 .♦8 5` 1 .~ 63 .6 85 .0 18 .4 ~2 .4 ~1 .7 3E .4 7,0 7c,6 196 .6 119 .6 -4718 36 .85'Jd
~1. 1,5056C 0.686 0 0 .6 70' 0 701 10 .9950 3 3, 4 4 .0 82 .T 16 .E 1 .2 2 .6 E .2 9 .1 2.,2 54 .7 34 . 4 -109 2

15 4 ,48 406 3 .97915 0,50491 0,50491 22,5291 29,1 56 .7 8', .? 18 .6 9 .8 0 .5 3f .6 5 .0 4 1 .6 119 .8 15 .C -535t 3 8 .603 5



I
i e

I

i !

N

Q w ~~ B° É Ÿ Ÿ Ÿ
9 E M N 1A' H R N N

H 5
0 17 ~116~81N ~ 1?1 tj 36 70

.0 168 : 0

18 URR 11 1 26 3 34 68 .0
19 0}R F.R 14 1 41 71 .0
20 LANOS[ 2 2 24 5 57 . 1
21 66A18 2 2 1 ; 3 41 72 .0 182 .0
22 KELLr 2 1 90 ~ 41 64, 0
23 PArNE t 26 44 69 .0
224 MIRSCNFELO 3 4 5 8 41 67 .0

N 0 0

~ F
Hw

§ S
le k P.

N~ S S S N

160 73.0 P

18`5 : R
1 190 . 1 P

1 1~Q 85 :~ 1 P
1 162 . 1 P
1 147 , 1 P

N N

1641446 ~36 165 .8 73 . 0

a
1A 4184 4 37 174.4 81 .0
1A 464 4 36 17 2.1 84 .0
IAMAMA 39 160 .4 66 .0
TANANA 40 162 .4 64 . 3
1A 4 441A 241 181 .0 90 .0
IANANR 242 162 . 65 .1
1A41 4 414 243 173 . 73 .2
1 64144A 244 169 .8 64 . 2

A l pppF

0e ~ E L N M Âl K A A A R

S 2 L H [E F

`

E M M M
~

216 85 .5 9 .7 9 .1 36,2 39 .7 21 .3 3~ .5 33. 28 .3
17 100 .0 9 .9 6 .1 41 . 36 .1 1 .6 33 .4 1 .i 27 .8

2Ô 17l :~

109

21

.1

5~ :~p ~ .~

41 .0 ~

.ip ~ .6 ~2 .~ 2

830 .4

21 98 .0 107
S

.t 4 ~8 .3 3 .0 35 .4 34 .3 28 .0
222 84 .8 9~ .0 5 . 7 36 .99 36 .4 1 .8 3 3 .9 32 .9 27 .9
223 86 .0 9 4 55 .'? 3 6 .9 35 .0 2 .0 3 ', .8 33 .1 27 .8
224 80 .7 92 .6 54 .2 35 .0 35 .2 21 .1 32 .3 3 6 .9 27, 2

D N P R N

6 K N N

pp T ~ T T T Â
S N H M !1 M L A S A S

~17 9 .9 7 .7 7 :< 95
.4 8 . 5

.Ô
;1 lÔ .4 66 .7 T8

. 7
18 9 .6 6 .9 7 .5 5 .9 5 .2 76 .4 56 .0 77 .7
19 9.8 7 .4 7 .6 i .4 9 .0 84 . 5 64 . s^ .6
20 9.t 6 .8 6,8 5 .7 8 .7 69 .5 52 . 36 .3
21 9.7 7 .1 7 .8 6,2 9 .1 84 .55 64 .9 0 6

7 . 1
223 9 2 6 9 7 p 55 .6 9 5 7

49
6 0

$

56 5 É Ô
324 9.0 6 .5 7 .1 5 .9 8 .3 76 :4 56 .4 F7, 9

H 54
N 2 H 3

1 1 2 1 1 3 F

B N Â 0N Î Ô V V
S 1 L L 1 L L C 1

21E 11 .10 6 .2 C 3 11 .10 7 .96 3 3 .7E 3 .3E
17 11 .10 6 .49 3 11 .10 .46 3 5 .0t 3 .66
16 11 .10 7 .10 3 11 .10 ~ .36 3 4 .67 3 .86
19 11 .10 6 .39 3 11 .10 6 .51 35 .106 .30
20 11,10 1,42 3 11 .10 7 .53 3 4 .91 4 .06
11 11 .10 6 .74 3 11 .10 7 .42 4 6 .11 4 .69
22 11,10 7,96 d 11,10 7 .91 3 3 .66 3 .01
23 11 .10 6 .83 3 11 .10 6 .64 3S .Ol 3 .97
24 11 .10 7 .01 3 11 .10 7 .00 3 5 .10 4 .3 1

M
1
A
A
1

S C 1 T

:ô~4~~ ~
K 0 M M W M M

T N H T M NL L 1N

N
t

6

0 H

N
u

~
HP

M
P. A N 1 ? 1

6 .3 78 .8 114 .0 102 .3 100 .6 , 8
7 .1 39 .6 110 .1 104 .2 103 .4 . 9/ .?
7 .3 62 .4 114 .6 106 .8 103 .1 . 100 .?
5 .7 ~4 .4 113.7 96 .0 93_2 ; 76 .7
6 .1 9 .1 112.0 97 .7 95 .0 17 .3
6 .2 6 .2 113.4 109 .2 105 .1 . 90 .6
3 .3 36 .3 112.9 96 .9 93 .8 . 82 .9
5 .4 9 .0 110.0 98 .3 93 .4 . 8 4 .8
6 .5 37 .3 109,6 98 .3 94 .1 . 78 . 2

4

8 4 1 ~ A
M C L H F

S F F F

24 .6 8 .6 14 .2 19 .6
3.6 9 .4 12 .8 14,4

6
. 24.0 12 .2 1

.6 11
.4

8 .4 4.e .6 10 . 2
30 .4 14 .0 12 .0 22 .4
2 .6 10 .6 11 .4 14,4

10 .4 6 .0 11 .2 9,0
13 .0 5 .0 6,6 9 .

6 4
1 i1.t 17 .1 i6 .7 i91 .Ô

29
.71 `9 .9 33 .0 98 :2 46 02 .

740.4 25 .0 4~ ;0 39 .0 3 0.39,8 3y5 .~ 98 .1 46 .

5 37
.

6 37.6 24 .1 ia,9 38 .Î 29~~ 270 .~ y2.9 1l8 .2 13.83 222 19 . C
42 .9 2733,57 4 t. . 7 39 .8 30.2 9 . 4 38 .2 10 39 .2 49 .1 23 .'

40 .
3 E.6 1 :1 4i :6 3É.5 3° .Ô 38 .6 33 .6 93 .3 4

4 . 9
3 .5 19 . ..3

SA S

SE? - H -----

54 F H Y U

0 S 0 0 G

FE M G G 0
F P 1 1 A Â

4E3 2E 2 .83 4 .4 : 3 .RS5 1 .17
155 2E 2 .83 3 .00 2 .S00 0 .64
461 2E 2 .83 4 .53 2 .700 1 .7 4
2! E 2 .83 4 .85 3 .12C 1 .82
37 E 2 .83 6 .5E 3 .850 2 .70
643 2E 2 .83 4,90 1 .800 2 .7?
497 2è 2 .83 5 .10 T .80' 1 .16

9i7 2E 1

:63 5'45 3 .320 2'1 7

S A 8 C F
16 0.264490 0 .090493 0 .175997 0.090*93

I S 7 69 0 .22489? ,tOtl22 1015 2 22~ $.3~~6 ~#0 8
.587 ~

:~ É

2? 0.11 0 .04513 ?

~ O:15S7i3 D :~47631 00
..147 0

.00
1032 1

9

24 Ô .007 ;~

t I t A 6

E P P

17 1 :0391) 8 :i3ô 9:Bt S3
.0'8` ;

~ j ÿ ~4 . 7~ ~5 :'

1
0 1 .07892 5

: ,, . 7 1 . Ô`~3 1 ; ~7 1 z . 0~9 1 I : ~~ ;~ 1445
♦

P

~

Y
2
C[

H E
4 Pi
V S

1 .22735 0 .99642 4
2 .18761 0 .996424
? .5842 0 .996424
2.2153 0 .996474
1,46912 0,99642♦
2,00511 0 .996424
1 .19598 0 .996424

2
.0749

9 )8476
0:996424

H U H ~t
2 4 2 4

Ô G Ô GM V M V

6 8 C C

2 .65 2 .01 2 .5E 1 .96
3 .25 0 .34 2 .4 0 0 .96
3 .40 1,01 3 .65 0 .57
2 .10 2 .92 2 .5f 2 .6 4
3 . 10 2 . u. 2 .4 i 3 .87
1 .02 3 .22 1,70 2 .97
3 .3 4 1 .49 2 .95 2 .0:
3 .65 1'91 3'29 2 :31

11'5 a TUiSD*`, Art'11 i, 1 96e 7 3

F T 1

10 .6 9.7 133 .6

18
.0 8 4

:3 1 :1 :

9 86. 131 . 0
1~ .6 9'3 .9 151 .3
6 .4 86 .5 132 .5

0 89 .6 143 .3
.2 91 .2 139, 8

A Mp H ~

RE E N M V

S P 7 L 6

747 28 .0 11 .10 7 .80 3
747 8 .0 11 .10 6 .40
747 38 .0 11 .10 7 .~3 3
741 28 .0 11 .10 4 .25 3
747 28 .0 11 .10 7 .08 3
147 226 .0 11 .10 6 .60 3
747 28 .0 11 .10 7 .7e 3
747 26 .0 11 .10 6 .60 3
747 28 .0 11 .10 6 .80 3

13 :59 1UES0AV, APRIL t, 98 . '!ti

Y

Y Ô H H

~ A V V
2 F 1 3

.0060t '6 .6E 1 .2727C 1 .1620'
2 .183 * 3 76 .6E 2 .2+969 2 .19180
1 .7175• 26 .66 1 .6~164t 1,54243
2 .26829 28 .6E 2 .39166 2 .16677
1 .50377 28 .68 1 .7315 .. 1 .4344F
1 .98220 28 .66 2 .09305 2 .0279"
1 .18200 26 .6E 1 .2643' 1 .20995
1 .913ti9 26 .6E 2 .0930ç 2 .06093
1 .78 1 16 26 .66 1 .9162 1 1 .7863 5

4
F

T 4
A 8

.04141 1 .06622 1,04~20

.03130 1 .03642 1 .03 1'
04207 1,0408 3 1,0404~
,07047 1 .0779? 1 .07324
.09013 1 .08027 1 .06977

:0p45é09 1
.04y

596 1
.04y0

507026 1:

p

07078 1 :

p

07 /39C. C

c X r

3•7p982 0Q 293 2~ Q,1
o`5134~3i~

.i

7

fS777 41 ~ 2~~ i :i66411

i{ :78116i9 5p1

.

:

7

9~Jié Qp :JI~p1
11 .9048 0.4W41 0 .6~608

167 .5 .66 .2 t3 .6 29 .6 36 :Î f Ô
17 . 9 .0 10 .4 27 . 3~ .` 2~

.G
16 .7 3 .6 7

`

¢ 'F 8 :12 .2 8 .0
17 .0 4 .4 17 . 9 .6 33 .6 4 .8
17 .2 ' .0 10 .4 11 .4 24 .0 10 .2
1 6 .9 3 .0 7 .2 9 .4 13 . 6 9 .0
16 .8 3.2 8 .4 8.6 15 .4 8 .4

D D

~ 5 ~ ~
1

1 .0725? 1 .06961 1 .06630 1 .0674 9

C 1 ) V

1 .04370 1 . 0~4~ 104 1 .04250 1 .04123

1 :Ô3933 1 :04165 1 .Ô37â8S 1 .p035722
1 .07626 1 .06ybyE 1 .0680 4 1 .06795

1 :5~4g 79 1 :Ô49826 1 .Ô4

5

028 1
.0

403089
t

61.07~39 105167 105171 1 ;0493 7

F F
Z A T T

~~ 8 .11Ô83 y ~~ ;~~i~
0 .4347 6

` 2 4
8S.1`+;i 11 .~

0 .

61

1 5

3 0

~ 8106i 2 .1 9
6 167 0 . 23201 1 .7
:24166 0.24166 1 .Q 6

~



I

I
I
I

I
I
1

ij
I I

~
~ M M p

16 0. 3505 1 .15880 0 .6237 917 '* .3510# 0.09694 0.2S1
18 0 06813 0.51u97 0 .44484
19 0 .')3a48 1 .193~6 1 .22807
20 5 .',4942 1 .42154 7,170921 1 .4,930 0 .783'*, 2 .22186
22 0 .96619 0 .350b2 8 .61828
7` 0 .4776" 0'66816 ;tl047

M [
1 ?p

Î j
A

; S
0 . 5 3505 ~h .4382

0 . v0698i3 6 .336?69
0,03 448 13 .7038
1 .42154 10,0810
0.7835e 24 .7134
035002 205058
0.190r7 13 .8101

9 .0 6 . 2l :9 ; .`
39 .3 e. 7'i iii.

SAS
-------------•-------------------°-_---__ ____-_---_-_° SEw .t!

~ A M B H

A G Ô N É 1

0 S E M II V H R M

W h 0
0 C' I. M H

1 G G 1 1 1

M M M S S S

17k N~llAJFF 11 14 140 63 6E :Ô
227 CRANSTOk 1 1 4 10 36 1

726 1E "GAR/ 2 1 4 t 4E 60 : 032a BEAUAEGARJ 2 2 19 3 33 67 .030 BEAUREG~Sp 3 ;=9 3 33 67.0
23' OFA~'1 j
732 864501.15 1 10 9 59 69 .0 1
233 kNOr+,ES 1 1 26 9 52 69 . 0

É G

Ô ~
1

M H k CO

z C ~ ~ 4
7É !5

:F

1B :) 5):r 37:7 37:Ô+0 .9 98 .7 61 .0 40 .7 40 .02E 91 .7 101,8 61,2 41, 40,9

2 0 9 8 6 Ô 86 .6 47 .9 ~7 ; ~3 .Ô

~3 69 :4 l8: 4 ~8 . I 38 : 7 37 : 5

N 8 H

f ~ :$ t .r 8 ., 9 :~ ~~ . 6

H M

É
6 ~~ A

~ M H M N 11 C

25 9 . :I :3 4 7 .8 74,3tb :~ 7 :~ 7 :~ 6 : 2 ~ ;$
79

: °e 9 .!s Y .1 7j 9 6 .p1 :~

Ô 9 :S 7
.
4 ' . ~6 : ~:1 0

~ : ;

172.0 15 r
1 160 :

180 :0 ' i7 5 ' 8p :o
I 140
1 140

175 .5 ' 16É 7e : 0

F F

w D C R
k A A Â
L R R A
E M M M

23 .3 36 .9 34 .9 7,8
21 .8 31 .7 29 .e 7 .1
22 .8 37 .4 34 .7 0,3

71 .6 8 .~'

26

:
! 3

6. Ô

1 9 Z 34:} 0 22 :81 39 .~

~T :6 3

5

3.6 ~

3

4 :5
2
6

:Ô

T

~,
._-___--__-_--__-------_-- ._--__

SA! - 13 5 8 lUlSD* , APR ;I 1 . 4 t6e 7 ~

H
I T
~ R A H

H M [ A1 k M
G p

3~ . 5 ~ 8:i 6
4~

seT 19 : 331,1
3

.i ; :~ lÔ :S 2Ô :93
14 55 .1317.3

6
g6 .Z 6~ ;999à 17

.7

3Ô .0 •i .2 7)8 :6 18 : Ô

C C
A C ~ *4
C- ; E1

5 ~ p j H T
1 P TAMA:IA 25 ¶7 .. .Q 7i, S

1 D 1AtiAHC 246 170. 70 .0
1 P ["IAHAAR 2 47 171, 8 4 , 1
P 1AHA1.I& 4E 182 . 0

1 PEIANAMR 249 169 .62 . ~1 PC[TAHANa 249 169,5 62 .71 P TANANR 250 182 .1 76 .1PE1ANAtia 251 t75 .7 71 .7
PETAHAtit 252 17 4 .4 63 .2

4.0 76 .2 169 .4 112,0 --3353 33 .117 t2 :i ~s :i 1~e :ô 1ô
5

i :é -ée ~ 547'4'~;6 .6 24,2 7 .6 35 .2 -492 4 42 ; s906!

3426 .~ 49, 7 8 1?5 :6 18 1.E -6É6
3 Ô1

:701 a

-95 2

5 .6 33.0 83. 49 4
1 35.6 83.4 55 .0

-
5 -6723 i) . 35Ô 7

13c59 TUESDAY,APRIL 1, 198k 7 f

S
H
0

É M l

D k ~

54
.
E 37 : 5 1

fi
:Ô7.21 117,8

5 . 37 .5 112,7
6 .~ 38 .6 106 .4
6 .~ 3E .6 1 .6 .4
6 .~ 3' 3 121,7
5 .E 37 .3 12 1 .2
5 .0 3E .2 118 . 6

~ A 1 C A j

H 1 C Î [ E

7 f S F ~S
7S

1

F 5 F i F

i p~ :' 5

2 .2 6 .6 6 .6 8 . 2

:i l ô
:ô 1i:é

1 6:ô 19'~ 15 34

. 2

:i ~' 411,2 6 . 4 15 .2 14,0 27 .4 14 .6 2E,6 11,616 .9 .4 6 .7 10 .6 14 .6 4,4 17 .6 6,8
17 : 88 ~ :6 4S, 5'

p

7.6 '7
:6

33 .6 157 .6 6'

17, 7 3,6 1 .4 9.8 21 .0 5.2 1,4 7~0
S C

1

T

57'

S Ô 4 É

`

5 I ~ `

Â 0 N C M C H l ln N w ~T I Y ~ GE GE ~
S l l H M HS M M LL

6,1
7 .3 39 .! t4 .1

~` 6Ô 6 2é'3 ~6 .9 32 .37 .0 39, 2
46 .0
6 ,
61 :$

8• h .07 .6 40 .4 35 :5 a7'A

4

3'

0
. . .1 . , .

â :6

4

41 : 6:é 4 :~
1,l2 45 . 7.9 se .
9 .2 41 .8 36 .4 47 : ~
.1 40 .0 25 .3 ♦9,1

U pT

P H Hj p 1
G 4 1 S A

~ `
H

Ÿ ~
30

, ; :~ 41 : 2

~ .7 47 .8 3,4

34,3 5a .1 3
32 . 1
8,0

26 . +7~ ♦3 .3 33 .9

3Ô.S 49:8 35 :~

C A
H[[ ~

; S Û5 E

Ti

110,2 t06 .C , 77 .0
E 95 .1 . 81 . 7

1C'.` .~ 1lÉ ;9 ' [816 :8j
103 .5 101 .0 : E6 .5

1Ô]
:
.5 1ÔG .É : 7

4
,
5

103 .9 105 .C , •19 .5
104 .6 +00 .7 . 80 . 2

A T TA7. #4 C
L G AI k

L H ~ h M

~ F ~ 1 1
C 6.2 7,6 8;,1 143 .11 .4 9 .8 .4 91 .8 142 .910.6 6,4 ~ .7 88 :3 142 .a1 a2,4 209 .67 19 4 78 .3 151,5

8 . 0
.0 4 .6 3:~ 1 5â

.
3 151

.
874

1 :ô 1i :ô 9 :é

a

Id:~ iü : ;

8 A
A M H H
R [~ " F H 2P T 1 1 1 I

~ P ~ ~ ~ ~
S 7

1` 1 5~;6 tô'6 ~{7 35 .0 11 .107 .303 1 1,10

2

1~.5 ~ .6 4 .~ ~6~

~ . .a 1
~7

4
`
4

R .~ ~ .f 76!

B~S 11 :1Ô 7 :Ô ~ 1

11 .10

1
.
1 Ô

11 .04

8 :9 11 :i14M ~ .13 3 ii ~

6:0 11
:0

4

11

:8a



L

7 H3 F
H } M M G

0W Yb
M

VI E P 1 E `M 0 0 Ô
B A 01 A 09 v { M C T 7 L
S L 11 L I C I P P 1 t A A

32k 7
.
. 540 3 11 . 1Ô 7 .59 3 5 . 12 i .ÔÉ 3779 6 .Ô 2 .Q3 i .4Ô 3 .6Ô

7 7 6 .• 3 11 .10 6 .62 3 6 .04 4 .93 457 ~8 0 .!3 ~ . 3 .8 3

~j 29 6 .51 3

/1 :10 7
.N 3 45'92 3~77 9 )6Ô 6 .Ô ~ .83 3 .15 1 .2Ô

330 6 .557 3 . . 5 •97 3 .77 760 28 .0 2 .83 . 1 .39

23' 7 92 3 11 .Ô4 l .Ô2 3 65 SÔ ~
.
5 ' 16ÉÔ 7

é

28 .0
Ô 22

.
63 7g

.
6Ô 3

.
Ô~

23j 7 ;p6 3 , . , 5 .69 4 .4~ 631 26 .0 2 . 83 5 .80 3 .0

M

SAS 1l :5o TUISU4 , 4 1' 4 1, 1, 1 9 1.4

SE ►•n ---'-'- '---'- ---' -- ' '-- -'-_-- -___'_ ----- ' -
. _ . . .

L I.

H M M J Hl

M V M V H 0 H H
G 0 ~

0` V A V V1

l

8 e C C 2 P 1 3

7 .10 3 .71 3 .07
1 .3 3.10 2 .1 3

~ ~ . 4
3 4 .0~ Ô .âii . 7

2 .29 1 .♦5 3 .15
4 .70 3 .25 4 .77
3 .39 .60 4 .1
2 .14 4 .15 1 .6 7

H 0
4 2
R D E~

V E0p ~

S A 8 C

225 0.190302 0 .232564 0.0+2762 0 .042262 1 .37037 0.996414 1 .07492

22c 0.177716 0 .230675 0.0+3162 0 .063162 1 .4 1 911 0.99642+ 1 .04783

22 7

221 Ô
.1829 7

e

1
Ô'3892~3 Ô .10Ô626

44
2

p

O,t006281 1 :~6254 pC .996b2~ 1 :Wg771
Q39447 .

230 . , , , .19642 4

231 0.218225 . 0.218225 1 .72761 0.99642+ 1 .09267

233 Ô.Ô62670 0
:005++5 O.Oi5072 Ô

.Ô6267D 1 .6 1 y334 0.996+2+ 1 .Ô813 ~

U P P P

0 ~ ~ ~
I z T A 8 C A Y

¶7 .3439 2 .01 1

~2
7
t 1 .064~2 ? 3 .~7103 12 .~ S1É9 1~ .60719

13
.5698 5 . 870 5 .2109

~19 1 .06138 21 .9543 22'1595 22'4819 73 .1629 0'3224 1 :0034

4 .07 .73 1 . 39143 28 .68 1 .58173 1 .34917
2 .85 2 .36 1 .44069 7 8 .68 1 .6?741 1 .3973

~ .~5 0 .45 2~0871? ~é :~°
e 1 .64869 1 .459w

1 .10 3 .28 . 0871 1 8 .6E .
3 .00 4 .26 . 29 .19 1 .61850 1 .83672
1 .48 4 .58 1 .17956 2 8 . 1 .12993 1,12+49
4•15 1 .46 1 .71468 29 .19 1,63201 ,

N M N M M

~ I
N

~

C 1 X Y

1 .06367 1 .08085 1 .09757 1 .07 ..47 1 .07929 1 .07619

1 .Ô

5

1136 1 .0p85Bi 1 .0
05
6633 1 .G67~9 1 .0~6739 1 .06119

1 : 04730 1 : 04453 1 :04490 1 :04739 1 ;04322 1 .04314

1 .11097 1 .09291 1 .08961 1 .097 17 1 .10762 1 .06788
1 .0718E 1 .07765 1 .06621 1 .05883 1 .04721 1 .07166

1 .07822 1 .08160 1 .07773 1 .08071 1 .07301 1 .0766 5

P
M C

F F Â

Z 1 3 71

P P P

6 .43766 1 .09737 8 .0648 11 .12i0
0 .13643 0.13643 17 .2757 22.130~
6 .89787 1 .21089 12 .9643 13.8329
0.68098 0.37239 22 .3207 22 .1214

2g :~9s9 1l .9l6J 19 :0155:
13 .9468 8 .4837 15 .2d17
23 :6549 3 7.9019 24`6381

:
23+ 1 .06459 4 . 04 12 - 2 .8+87 3.9'13 5 .2178 6 .7999 8 .066 4 1 .26649 1 .766+a 4 58+5 4 .25 3E ^0.8763 5•8865 7 .tti (

232 1 .06171 17 .2593 t 2 .155 4 9.610c 1+ .421k 2 .2850 2 .2660 4 .95100 2,1660 4 13 .288 4 17 . ' J66 ¶4 .0705 11 .8375 16 .+ '.2+

233 1 .07289 8 .423E 9 .6+62 8.3220 9,8405 1 .3262 0 .19 23 1 .51851 0 .19228 9 .1 4+3 8 .6718 1 1 .7041 1 0 .263E 11 .75 1

I

1

Î x É 1 1

F F 0 U L A

0 1 1 G k

`

E D
S M M 0 1 1 T L G L

275 1 .22272 5 .1297 6 .35237 1 .22272 9 .83e1 3' .9 34 .2 8 4 ,9

22e 1 .9037. 1 .7365 C .16721 0 .16721 19 .C718 7,6 6 ..2 7E .7

227 5 .4630E 1 .27+1. 6 .737+4 1 .27436 14 .76+0 29 .1 ~9 .2 83 .2

22~ 0 .24699 0.9639 0 .73496 0 .24 4 9 237784 30.5 7 .8 93 . 7
27,1 1 .6 91 .2

230 , , •
. .

2) .? 1 .6 90 .2
23 4 .7 1. 08' 8 .0123 1 .27142 1 .27142 6 .5202 30 .4 63 .3 67 .9

13' 2 .1630• i .4215 4 .60+57 2 .163¶2,979032,4 R2 .7 90 .4

233 1 .+4037 C .0+70 i .4E73E 0 .0•701 11 .7a76 32 .0 ~it .2 84 .2

5 65 13:59 TUESOAI', APR1L 1, t964 71

__-'__-------_-_--- - - ......--------- r.- .. .

T T 1 1

R 1 4 A(,H Hl OM F À$
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