
completion of the second stage of the 
precipitin reaction. 

The following device may therefore 
be used as a means of carrying out 
rapid, rough estimates of the avidities 
of antisera which are identical to each 
other in specificity. A small plate of 
convenient shape may be filled with 
agar containing a standard antigen 
preparation. A polygonal depot may be 
cut or east in the center of this agar, 
and refilled with agar containing the 
serum which is to be examined. We 
have found it convenient to form the 
antigen agar about a plastic die of the 
shape shown in Fig. 2, having the 
following angles. At the bottom of the 
heart-shaped figure, the angle is 90?. 
In ascending order along one side, the 
angles are 170?, 140?, 130?, and 100?. 
In the same order along the other side, 
the angles are 160?, 150?, 120?, and 
110?. When the antigen-agar has hard- 
ened, this template is carefully with- 
drawn and the depression is filled with 
the serum agar. Tests should be run 
to determine a suitable dilution of 
serum, which permits the formation of 
an easily visible zone migrating rapidly 
into the antibody depot. 

No precipitin system examined thus 
far has failed to show a wedge of 
clearing within the 90? angle; none has 
shown such a wedge with the 170? 
angle adjacent to it. Seemingly identi? 
cal sera, in other respects, do, however, 

Fig. 2. Polygon plate studies of antibody 
avidity. Upper plate, hen ovalbumin, 
rabbit anti-hen ovalbumin system, after 
18 hours of diffusion. Maximum angle in 
which inhibition could be observed, 130?. 
Lower plate, complex precipitating system 
illustrating unsuitability of method for 
comparison of heterospecific precipitins. 
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differ with respect to the angle in which 

clearing can just be seen, within this 

range. 
In the plate at the top in Fig. 2, it is 

demonstrated that wedges of inhibition 
can be observed after diffusion of 18 
hours or less in favorable instances. 
The prolonged diffusion, giving rise to 
zones as wide as those shown in Fig. 
1, is never necessary. 

The lower plate in Fig. 2 has been 
included to emphasize the fallacy of 

attempting to make comparisons from 
one precipitin system to another by 
this method. A complex precipitating 
system (3) composed of 10 parts of 
hen ovalbumin to 1 of duck, diffusing 
into rabbit anti-hen-ovalbumin serum, 
was used to produce two zones. 

The angle of inhibition of the homol- 

ogous system, producing the zone 
closer to the peripheral antigen source, 
was found to be 140?. The wedge of 
inhibition could only be seen within 
the 90? angle in the case of the 

heterologous, cross-reacting system pro? 
ducing the inner band of precipitate. It 
would not be justifiable to conclude 
that the cross-reacting portion of the 

precipitin entered into a firmer union 
with the heterologous antigen than did 
the total precipitin with the antigen 
responsible for its production. Homol- 

ogous, as well as heterologous, antigen 
is present in the area occupied by the 

proximal zone, but the leading edge of 
this zone marks the greatest excursion 
of the homologous antigen into the 

agar at the time of observation. The 
forces tending to reverse the two re? 
actions differ, and no comparison is 

possible. 
The method thus describes avidity 

of the antibody only in a relative sense. 
In a broader sense, avidity is the re? 
sult of forces exerted between antigen 
and antibody and is not a characteristic 
of the antibody alone. The angle of 
inhibition will not indicate the absolute 

avidity and cannot be used, for exam? 

ple, to compare the avidity of an 
albumin-anti-albumin system with that 
of a gjobulin-anti-globulin system. 

On the other hand, the method offers 
a simple, rapid means for establishing 
the relative avidity of each of a series 
of precipitin preparations specific for 
a given standard antigen preparation 
examined under uniform conditions (4). 

Robert K. Jennings 
Morris A. Kaplan 

Allergy Research Unit, Chicago 
Medical School, Chicago, Illinois 
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Variability in Male Stature 

as Function of Adolescent 

Maturation Rate 

Abstract. Boys who mature very early 
and, to a lesser degree, those who mature 
later than average show less variation in 
stature than boys who are somewhat early 
in adolescent development. These variabil? 
ity differences are paralleled in the heights 
of the mothers and fathers except in the 
case of boys who mature very early; there 
is far less variability in height among these 
boys than among their parents. 

Variability in height among boys in? 
creases gradually from birth to the 
onset of adolescence, shows a relatively 
abrupt increase during the adolescent 

growth spurt, and returns almost to 

preadolescent levels at maturity (1). 
The peaking during adolescence is 

clearly attributable to wide variation 
in the ages at which boys enter this 

growth phase and to the rates at which 

they proceed toward physical maturity 
during this period. At physical maturity, 
however, residual differences in stature 
are presumably of genetic origin (dis- 
regarding the minimal contribution of 
nutritional differences), and therefore 
no systematic relationship between dis? 

persion in mature height and matura? 
tion rate is to be expected. 

A sample of 78 boys, born in 1928- 

29, was drawn from the University of 
California Guidance Study (N = 64) 
and from the Berkeley Growth Study 
(iV=14), the sole criterion being 
availability of complete records of phy? 
sical development from birth to age 18 

years (2). Age at reaching 90 percent 
of mature height (M=13.6 years, 
a = 0.96) was taken as the measure of 
maturation rate during adolescence (3), 
mature height itself (M = 180.1 cm, 
(t = 6.6) being defined as height at 

approximate skeletal maturity (4). 
Figure 1 presents the relationship of 

variability in mature height to matura? 
tion rate. The probability that this 

degree of variation in a among matura- 
tional groups is due to sampling fluctua? 
tions from a common population is .04 

(by the Bartlett test for homogeneity of 

variance), and if we consider that this 
test does not take into account the 
rather regular trend of the data, even 

greater confidence may be placed in the 

reliability of this relationship. This 
result is not a product of development 
during adolescence, since a replication 
of this analysis with height data for age 
9 (well before there is any evidence of 

pubescence in even the earliest-maturing 

group) provides a closely similar result. 
Here the relationship is even more 

clearly a non-chance outcome (P < 

.001). The two results are, of course, 
not independent (about 75 percent of 
the total-group variance in height at ma? 

turity can be predicted from the age 9 
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data), but it is apparent that variability 
differences among maturational groups 
predate adolescence. 

One hypothesis to account for these 
results is that they stem from corres? 

ponding variability differences in the 
heights of one or both parents. This 
expectation is largely supported. Work? 
ing with the heights reported by 63 sets 
of parents from the Guidance Study 
subgroup (for fathers, M? 176.3 cm, 
a ? 8.3; for mothers, M? 163.1 cm, 
o- = 7.4), we find that, for both parents, 
the plots of the (/-values against the 
sons' maturational rates closely resem- 
ble the boys1 curves except for boys in 
the earliest-maturing group; the striking 
homogeneity for this group has no 
counterpart in the corresponding par- 
ental heights (Fig. 1). This finding, of 
course, does nothing to clarify the 
mechanism responsible for the relation? 
ship between maturation rate and vari? 
ability, but the focus of speculation is 
shifted. 

A possible, though unlikely, explana? 
tion of the low variability in stature of 
boys who mature early would be that, 
in this group alone, parental heights are 
negatively correlated, the usual homog- 

amy with respect to stature being 
reversed. If this were so, and since pre? 
dicted heights of offspring are essentially 
an average of the heights of the two 
parents (relative to their sex) (5), there 
would be less variability in height 
among the sons of these parents than 
among the parents. This is not the case: 
the between-parents height correlation 
is positive for this as for the other 
maturational groups. With this possi? 
bility ruled out, we infer that there is 
some attenuation, for the boys who 
mature earliest, of the hereditary factor. 
Thus, multiple-regression predictions, 
from parental stature, of mature heights 
of sons would be more in error for boys 
who mature early than for the re- 
mainder of the sample (6). Groups 1 
and 2 in Fig. 1 represent boys who 
matured early. Data for these groups 
(N ? 20) were combined, and pre? 
dicted mature heights and squared de? 
viations of the predicted heights from 
the true heights were computed. Similar 
calculations were made for a combined 
average-late maturational group (N = 
43). The standard error of estimate for 
the group that matured early is 6.1 cm 
(yielding an estimated R of .53); for the 
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Fig. 1. Variability in height as a function of adolescent maturation rate. Extreme class 
intervals have been combined, as indicated. The plotted points have been derived from 
an algebraic (moving-mean) smoothing of the tabulated original values. 
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others, the corresponding values are 4.8 
cm and .75, respectively, indicating con- 
siderably greater predictive accuracy for 
the latter group. This result leads us to 
speculate that a common mechanism 
may underlie both maturational ac? 
celeration and this partial breakdown 
in the usual pattern of inheritance of 
stature. 

Many more observations are of 
course necessary before it can be con? 
cluded that any of the several results 
point reliably to a population differ? 
ence. Since even the relationships of 
maturation rate with boys' variability in 
stature, while most firmly based, require 
replication, we hope that evaluation of 
these preliminary findings will be under- 
taken in other growth studies. 

Norman Livson 
David McNeill 

Institute of Human Development, 
University of California, Berkeley 
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